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Abstract 

Oskari Lähdeaho 
Competitiveness through sustainability: Drivers for logistics industry 
transformation 
Lappeenranta 2022 
71 pages 
Acta Universitatis Lappeenrantaensis 1060 
Diss. Lappeenranta-Lahti University of Technology LUT 
ISBN 978-952-335-900-0, ISBN 978-952-335-901-7 (PDF), ISSN 2814-5518 (Online), 
ISSN 1456-4491 (Print) 

Sustainability has emerged as a central concern in business. Across all sectors, companies 
are looking for ways to reduce their negative environmental impact. Globally, 
transportation accounts for approximately a quarter of all produced carbon dioxide 
emissions. At the same time, companies are reliant on logistics and supply chains to 
function. Amid these concerns, companies are also recognizing opportunities to improve 
their competitiveness through embracing sustainability. Therefore, logistics operations 
can be seen as a major component of business operations that require radical changes in 
order to improve environmental sustainability. This doctoral thesis aims to explore ways 
for logistics industries to benefit from ongoing sustainability transitions. 

The main research strategy for this thesis is to carry out qualitative case studies, which 
are mixed with quantitative survey method, and supported by analytical and bibliometric 
studies. This mixed approach strengthens the exploratory nature of this research work. As 
exploration seldom has a clear or defined expected result, these approaches on their part 
structure the detailed results. Data triangulation with these methods allows close 
examination of novel phenomena in logistics industries as they unfold. These phenomena 
are often complex, and singular approaches give a narrow view on them. As the topics of 
this research are still developing, the exploratory nature offers a way to make necessary 
appendments to the existing theories in logistics and sustainability. 

The results of this thesis have been published in seven scientific articles, of which six are 
published in peer-reviewed scientific journals, and one is published in conference 
proceedings. Publication I explores business models in changing regulative and business 
environment. Publication II studies the case of environmental sustainability in a setting 
of a port and companies operating in that port. Publication III examines the development 
of road transport emissions development in Finnish setting. Publications IV and V study 
how logistics and manufacturing companies are surviving amid the Covid-19 pandemic 
and its implications. Publication VI is bibliometric research aimed at studying the 
development of scientific literature on the interplay of sustainability and innovation. 
Lastly, Publication VII examines logistics companies’ environmental performance and 
ability to self-assess in this regard. 

This research work showcases the emergence of sustainability as an important factor for 
competitiveness in the logistics industries. While some have been adapting to this change 



already, most are lagging. Most of the studied companies can comply with baseline 
regulation for now but lack the proactivity to appeal to stakeholder demands and struggle 
with stricter future regulations. Smaller companies especially are left in an uncomfortable 
situation with tightening regulations, while other events (e.g., Covid-19 and economic 
sanctions) are increasing the uncertainty in the studied industries. As modern societies 
are dependent on smaller companies acting as sub-contractors for larger enterprises, 
commonly beneficial solutions and policies must be found to ensure sustainability in these 
societies. 

This research work studies companies with a close case study lens with an aim to better 
understand the larger networks these companies form. As both logistics and sustainability 
are complex topics, this type of study is needed to understand the nuances and inner 
workings of logistics networks in relation to sustainability efforts. 

Keywords: logistics, sustainability, competitiveness, environmental sustainability, 
sustainability transition, industry transformation, transportation, emissions 
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1 Introduction 

The modern logistics industry revolves around enabling global supply networks through 
cost efficiency, reliability, and timeliness. Furthermore, contemporary logistics practices 
enable the delivery of goods in an extremely short lead time (from order to fulfillment) 
to individuals almost everywhere in the world. However, as the logistics operations have 
taken significant leaps of progress in terms of cost and temporal efficiency, the 
environmental sustainability of these activities has emerged as a topic of concern. The 
transport sector is accountable for approximately a quarter of global greenhouse gas 
(GHG) emissions (Solaymani, 2019), and it remains the only sector where the amount of 
GHG emissions has not been able to be reduced since the change of millennia (European 
Commissions, 2020e).  

As Elkington (1997) breaks it down, sustainability consists of three aspects: economic, 
environmental, and social sustainability (Triple Bottom Line; TBL). For a company to be 
regarded as sustainable, it must ensure the economic longevity of its operations, respect 
the societal expectations regarding its conduct involving internal and external 
stakeholders, and strive for causing a minimal negative impact on the surrounding 
environment through its business practices. All three aspects of TBL are important to 
recognize for a company to ensure the sound performance of sustainable business 
practices (Høgevold et al., 2019). However, the focus of action often varies from company 
to company and industry to industry. Some sectors of business are affected differently by 
sustainability-related actions than others (Buallay et al., 2019). For example, the set of 
measures and strategies towards sustainability differ a lot between a company in a 
physical asset-intensive industry, such as manufacturing, and an intellectual capital-
intensive start-up in information technology. Similarly, policymaking should also take 
into consideration these differences between companies and sectors (Rosenbloom et al., 
2020). For these reasons, sustainability requires continuous research to accommodate the 
general level knowledge to more specific industry and company level challenges. This 
thesis focuses on sustainability in logistics industry and the considered improvements in 
sustainability are mostly in environmental sustainability. This is due to the current 
trajectory of logistics industries choosing to focus in improving their environmental 
sustainability, as well as the questions on the overall sustainability and viability of 
transportation using conventional fossil fuels. 

In reaction, agreements, regulations, and legislation (e.g., Paris Agreement, European 
Union (EU) directives, and International Maritime Organization (IMO) conventions; 
UNFCCC, 2022; European Commission, 2022a; IMO, 2022) have been developed to 
reduce the environmental burden transportation activities cause. United Nations (UN) 
sustainable development goals (SDGs) are an overarching framework that promotes 
economic, social, and environmental sustainability (United Nations, 2022). Although the 
goals are made on global level, they advocate national policymaking toward achieving 
the common objectives. In addition to governmental and other regulatory actions, 
environmental awareness has sparked consumer demand for companies to conduct 
environmentally sound practices. For example, this can be seen manifested in a multitude 
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of different certificates or labels that consumer products may carry to communicate their 
sustainable production. Also, local communities affected negatively by industries have 
their own demands for sustainability (Söderholm and Bergquist, 2012). These demands 
may differ or build further on the mentioned regional and global goals. These regulative 
and stakeholder pressures are considered triggers for green supply chain management 
(Seüring and Müller, 2008). One of the outcomes of these triggers in maritime supply 
chain management is the green port status. Seaports with such status are engaged to follow 
best practices in environmentally sustainable business and therefore enjoy benefits from 
a good reputation (Lam and Li, 2019). As the logistics industry relies on efficient 
operations, environmental sustainability challenges have also been tackled with improved 
efficiency (Hao et al., 2017; Stevens et al., 2015; Yeh et al., 2017). Use of different 
alternative fuels, such as electricity (Al-Wreikat et al., 2022; Höhne and Tiberius, 2020; 
Liimatainen et al., 2019; Naumanen et al., 2019; Song et al., 2019), Liquefied Natural 
Gas (LNG; Lee et al., 2020; Osorio-Tejada et al., 2017; Seithe et al., 2020), and hydrogen 
(Ahmadi and Kjeang, 2015; El Hannach et al., 2019; Lee et al., 2018) have also been 
widely experimented with to decrease the environmental impact of transportation. 

As the business environment for companies is changing, they need to renew themselves 
to stay competitive. Competitiveness is based on the “fitness” of the company, in other 
words, the resilience to uncertainty (Bortolotti et al., 2015). Further competitiveness is 
acquired by improving the “leanness” of a fit company, for example, implementing 
practices such as Total Quality Management (TQM) and Just In Time (JIT; Bortolotti et 
al., 2015). Manufacturing companies in EU member states have recognized sustainability 
as a part of competitiveness and are conducting their business to improve that. In older 
EU member states, manufacturing companies have cumulatively built competitiveness 
from quality to dependability, further to flexibility, and are now focusing on cost 
efficiency. On the other hand, manufacturing companies in newer member states are 
improving competitiveness via flexibility. This means that in older states, sustainability 
is coupled with cost efficiency, whereas in newer states, sustainability is coupled with 
flexibility in terms of improving competitiveness (Gold et al., 2017). Therefore, this sand 
cone model in competitiveness implies that companies must first ensure their core 
competitiveness before improving other parts, such as sustainability. Environmental 
sustainability has emerged as a factor for competitiveness in logistics systems (Arvis et 
al., 2018). On national level, countries with logistics system that takes environmental 
sustainability into account, are increasingly preferred in global supply chains and 
logistics. 

Carbon trading is used as a market-driven approach to drive the environmental 
sustainability of businesses. Similar emission mitigation approaches have been successful 
in the past, for example, the Acid Rain Program in the United States (EPA, 2021). The 
point of these programs is to cap the emissions to a certain amount and allow the trading 
of emission allowances. Since their introduction in the latter half of 2005, carbon 
allowance permit prices have been relatively stable (Figure 1). However, after the 
beginning of 2021, the prices have been rising substantially. Prices have lately summited 
at 90 USD per allowed emission of one ton of carbon dioxide (CO2), whereas for longer 
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than a decade, the price stayed at around or below 20 USD. The price hike signals 
increased demand and trading activity, which in turn tells us that companies are more 
actively acquiring permissions for carbon emissions. Prices are also rising since the 
capped amount of allowed emissions is decreased in the EU annually (2013 – 2020 
decrease with a linear reduction factor of 1.74 % annually; 2021 – 2030 decrease with a 
linear reduction factor of 2.2 % annually; European Commission, 2022b). The prices can 
further fluctuate when new sectors are, and consequently, more allowances are introduced 
to the system (European Commission, 2021b). Still, due to the social cost of carbon 
emissions, the price of carbon allowance is too low (Tol, 2021). According to Tol (2019), 
the social cost-reliant carbon allowance price could still grow significantly from the 
current situation (more than tenfold). The social cost of carbon emissions stands basically 
for the relation between carbon emissions and the welfare of society these emissions 
affect, presented in fiscal terms (Tol, 2019). The social cost of carbon emissions is higher 
in poor countries with large populations (Tol, 2019). These countries are more prone to 
the negative effects of emissions since their economy largely depends on the agriculture 
sector, they have naturally higher outside temperatures (and thus first affected by global 
warming), and they are limited in adaptive capacity due to a lack of abundant resources 
(Tol, 2019). It is important to note that the allowance prices also seem to correlate with 
coal, natural gas, and oil prices (Adekoya, 2021). Correlation between carbon allowance 
prices, crude oil, and electricity prices (as presented in Figures 1-3) also exists when the 
examination period is chosen to last two or five years. The correlation is weak when the 
examination period starts in 2005 when carbon allowance trading in the EU began. Past 
five years correlation between carbon allowance and the crude oil price is around 0.435 
(p-value < 0.05), and between carbon allowance and electricity price around 0.732 (p-
value < 0.05). Same values for past two years are, respectively, 0.897 (p-value < 0.05) 
and 0.839 (p-value < 0.05). Thus, it could be said that carbon trading has been 
increasingly effective during the past five years. 
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Figure 1. Carbon Emissions Futures price development August 2005 – February 2022 
(Investing.com, 2022). 

Currently, carbon trading covers globally only around 21.5 % of all GHG emissions 
(World Bank, 2022). For example, transportation is largely excluded from this system. 
Since transportation plays a major role in generating CO2 emissions worldwide, the 
possibility of road traffic under carbon allowance permits has been discussed in the public 
discourse of many countries. This would immensely affect the current balance between 
different transport modes, especially with the allowance prices climbing up. At the same 
time, this would endorse vehicles that emit less CO2 during operation (e.g., electricity or 
hydrogen-fuelled). While transportation is not currently under carbon trading, the use of 
conventional fuels does not guarantee certainty in the industry. As illustrated in Figure 2, 
European crude oil prices have been fluctuating noticeably since the turn of the 
millennium. Prices have not settled since and seem to be rising at the time of writing this 
work. Moreover, electricity, the proposed alternative fuel in transportation, is neither a 
completely safe bet. As can be seen in Figure 3, electricity prices in Finland have 
experienced a sudden rise since the mid-2020s. This is mainly due to difficulties with the 
current means of electricity generation, as well as negative impact of political 
circumstances on electricity imports. Calls have been made to revise the carbon trading 
systems to better represent differences between sectors and to reward carbon lowering 
innovation (Rosenbloom et al., 2020). 
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Figure 2. European Brent spot price development March 1988 – March 2022 (USD per 
barrel; EIA, 2022). 

 

Figure 3. Nordic electricity market spot price development in Finland January 1998 – 
January 2022 (EUR/MWh; Statistics Finland, 2022). 
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1.1 Research environment 

The research for this work started in 2018. The original motivation for the research was 
to study the impact of changing legislation and sanctions on trade between the EU and 
Russia. Thereafter, this trade has been affected massively by the Covid-19 pandemic and, 
lately, the growing tensions between these regions over the conflict in Ukraine. These 
events and their aftermath (e.g., now globally accelerating inflation) have had their impact 
on logistics in the studied regions. At the same time, sustainability seems to have grown 
in importance. For example, environmental sustainability and renewable energy sources 
seem more lucrative in the EU due to conventional sources being imported largely from 
Russia. While the established research topic of environmental sustainability as a factor 
for competitiveness in logistics has a general level and global interest, it still somewhat 
lacks the depth and theoretical rigor to be regarded as a central part of the modern 
overarching theory in logistics and supply chain management (Das and Jharkharia, 2018; 
Negri et al., 2021; Panigrahi et al., 2019). The shortcomings are mainly due to complexity 
of the topic: when combining logistics and environmental sustainability, nuances can be 
lost, and focus on larger constructs is lost and put on singular factors. For example, studies 
going beyond set organizational boundaries are somewhat insufficient. Due to this, it is 
even more difficult to justify environmental sustainability as a focal topic in business 
practice. The body of scientific literature on environmental sustainability in business 
requires insight from different countries, industries, and organizations. Moreover, the 
challenges, benefits, and best practices in environmental sustainability need to be 
documented and disseminated in a more practical way. 

In order to contribute to bridging this gap in research, this dissertation uses case studies 
as its main lens to investigate environmental sustainability in the logistics industry. 
Through this perspective, it is possible to study the phenomenon in global supply 
networks via local actors, in a bottom-up approach. More specifically, this research 
studies North European and Finnish companies’ role in global logistics and 
environmental sustainability in that industry. Using such an approach allows us to identify 
specifics and nuances inherent to the logistics industry and reflect them upon the larger 
body of more general level environmental sustainability literature. Furthermore, the 
hands-on perspective of case studies allows direct interaction with companies, promoting 
the dissemination of scientific research to practice and vice versa, the consideration of 
findings occurred in practice for the scientific literature. Such collaboration between 
industries and the scientific community enables the growth of legitimacy of scientific 
literature in terms of depth and applicability. 

Despite the hype around environmental sustainability, the actual benefits for companies 
remain ambiguous. Advantages for companies, for example, range from positive public 
image and increased efficiency to well-being of surrounding wildlife and human societies. 
However, it is not clear which kind of companies should focus on particular 
environmental sustainability related actions. In addition, the long-term effect of 
environmental actions is hard to predict. Some could end up detrimental for 
environmental sustainability, or for the prosperity of the company. Thus, the motivation 
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for the described research is to find substantial benefits for companies adapting to 
environmental sustainability in the logistics industry. 

1.2 Problem setting and aim of the research 

As established, the business environment in which logistics companies are operating is 
changing to a more sustainability-driven one. Various factors have affected the start of 
this change and its outcomes. Therefore, it is important to establish the driving forces and 
background for the logistics industry transformation towards higher environmental 
sustainability. Mentioned international agreements and different global, regional, and 
local legislation and regulations play a large role here, as well as the demands originating 
from companies’ stakeholders. In addition, the existing signs of the shift must be 
recognized and identified. Hence, the first research question is: 

RQ1. How do environmental regulation, legislation and demand change the 
business environment in logistics industries? 

As in any industry or business, the decisions and activities are made in order to ultimately 
gain monetary or some other value. Moreover, decisions often bear benefits and 
downsides, forcing a trade-off for a company. Focus on environmental sustainability does 
not differ from this mindset. Motivation of a company to adopt practices and technologies 
which yield lesser environmental impact is to produce immediate or long-term benefit. 
Therefore, the second research question is: 

RQ2. What are the challenges and benefits for logistics companies in adopting the 
mandated environmental sustainability? 

As stated, profitability is one of the main goals for companies. Environmental 
sustainability is widely forced on companies by different agreements and local 
governmental decision-making. There could also be monetary motivation in adopting 
environmental sustainability and further developing it for purposes of differentiating from 
the competition and possible other reasons. In other words, some companies might want 
to go beyond the baseline environmental legislation and regulations in their 
environmental sustainability practices. Thus, continuing upon the second question, the 
third research question is: 

RQ3. Are there benefits for logistics companies to adopt an even further degree of 
environmental sustainability? 

Furthermore, as sustainability has implications beyond the boundaries of any single 
company, this research question is complemented by the following supporting question: 

RQ4. Are there societal benefits originating from a high degree of environmental 
sustainability of logistics companies? 
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Moreover, this work further explores the possible positive feedback loops of societal 
benefits affecting the logistics companies. 

Below, in Figure 4, the positioning and effect of the research questions to societal 
structures are presented. In the figure, infrastructure stands for structures needed to 
facilitate societal actions (e.g., roads, bridges, and ports). Structure represents social 
organizations, such as companies and legislative bodies. Superstructure is for entities 
forming these in abstract level, such as science, art, and philosophy. Interactions between 
these levels can be seen necessary for a functioning society. As the research questions are 
approached through the lens of companies, they are positioned on the structure level. 
However, their effect can be seen impacting other levels, or other levels may produce 
effects towards these companies in some cases. In RQ1, environmental legislation and 
demands originating from scientific reasoning as well as ideologies can be seen effecting 
the structure and infrastructure levels. In RQ2, the challenges and benefits related to 
environmental demands can be seen as effects originating from the companies to 
accommodate these demands and to transform the companies and their surroundings to 
comply with the demands. In RQ3, the effects on the companies are studied, therefore, 
the effects from different levels towards the structure level and furthermore the companies 
are studied. On the contrary in RQ4, the effects of companies to its surroundings are once 
more studied, through the notion of high degree of environmental sustainability. 

 

Figure 4. Illustration of the positioning and effect of the research questions to 
sociocultural system. 

The aim of this work is to showcase the competitive benefits that sustainability orientation 
may yield for logistics companies. This aim is approached by conducting an exploratory 
study at the logistics company level. Environmental sustainability as a factor of 
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competitiveness is not highly researched from such a perspective. Current research 
focuses more on larger (e.g., national level) logistics systems. Thus, the purpose of this 
work is to fill this gap in the literature to consider environmental sustainability more 
deeply as a factor for competitiveness in the logistics industry. At the same time, 
additional purpose is to document company level views on environmental sustainability. 
In addition, the work strives to disseminate scientific findings for the benefit of business 
practice. For example, observations from practice could prove some emission cutting 
technologies viable in transportation. Similarly, advantages in environmental 
sustainability could be reached with different operational or business models. 

1.3 Research methodology and progress 

Research work is implemented through a series of qualitative case studies exploring the 
international logistics operations by a bottom-up approach. This approach means that the 
international industry is studied from the perspective of Finnish companies. With this 
approach, it is possible to gain insight from the company level. By doing this, multiple 
company case studies can be analyzed together to form a holistic view of the logistics 
industry. While this approach is limited in scope as it has a focus on singular companies, 
it offers depth and nuance to understanding ongoing phenomena in the logistics industry. 
The carried-out case studies can be used to prove, overrule, or add to the existing scientific 
literature and theories related to sustainability in logistics companies. The main data 
gathering method for these case studies was interviewing. The interviewees were chosen 
by their experience and position so that their views on the studied topics can be seen as 
high quality. The interviews are carried out with semi-structured approach to allow the 
interviewees to complement the initial research design with their expertise. 

Surveys are used to support the findings from interviews. These are mostly implemented 
to produce data for qualitative analysis. Therefore, the surveys are directed to respondents 
who are highly experienced and hold a managerial or similar position in a company. In 
addition, larger surveys are also carried out, which are then analyzed with quantitative 
methods. The case studies are also supported by an analytical study to gain a view of the 
studied transportation system and pinpoint factors that should be considered in order to 
improve the performance of this transportation system. Also, the analytical study offers a 
way to make future forecasts. In this case, it means that the road transportation emissions 
of Finland are studied to view the current situation and to predict the development of 
those emissions in the future. Lastly, the bibliometric study is carried out to find trends 
in the scientific literature related to sustainability transitions. The bibliometric study is 
carried out with a broader scope to gain insight from other industries into the logistics 
industry sustainability transition. 

1.4 Scope and limitations 

The scope of this research is set to consider the North European logistics industry and the 
implications of environmental sustainability to it. In addition, other regional logistics 
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industries are studied from the perspective of North European (mainly Finnish) 
companies to have a closer look at this particular sector’s role in the global supply 
network. These companies include logistics companies and manufacturing companies, 
which have some internal logistics operations but are also acting as main customers for 
logistics companies. This thesis focuses on operations related to transportation of goods, 
be it internally or between separate companies. Inherently, this perspective regards 
eastern markets of CIS countries and China as a relevant topic of study. This is due to the 
active trade and interdependency between these two regions (Europe and China). Thus, 
the scope can be seen as examining interregional logistics systems, which act as parts of 
the global logistics system. While many relevant markets and industries are left outside 
of this defined scope, the focus on certain regions enables a more in-depth study of the 
chosen scope. 

As the logistics industries of the chosen regions are studied with case studies, the 
generalizability of the research is therefore limited. However, the aim of this study is not 
to create general-level results but to deepen the existing literature with the specific 
findings that qualitative case studies offer. Also, the aim is to showcase best practices to 
be implemented in other settings. Moreover, the research strategy is exploratory, where 
the existing literature is broadened with exploration to new research areas. This in turn 
allows further studies to conduct quantitative studies on similar topics. Since this research 
looks to expand the current horizons of logistics and environmental sustainability studies, 
it will not probably extensively reinforce the previous findings and established theories 
as they are. 

1.5 Originality 

The originality of this research lies in the lens of a qualitative case study to approach the 
challenges of environmental sustainability in the logistics industry. With this approach, 
the research aims to shed light on the competitive benefits that are attainable for logistics 
companies through adopting a higher degree of environmental sustainability in their 
operations. Especially the role of small and medium companies in the global logistics 
industry and its environmental sustainability, as well as the benefits that these companies 
could reach via adapting to environmental sustainability, is enabled to study under the 
chosen lens. Moreover, the original case studies that are part of this research offer insight 
into regions, industries, and companies that have not been explicitly documented in the 
existing body of scientific literature. 

This research work is also original in its international scope. The research focuses on 
logistics companies and the industries they form in North Europe. In addition, their 
relationship with other regions, such as Russia and China, is considered. While this 
approach examines global logistics networks from a North European point of view, it 
sheds light on the broader interdependencies, mainly in the east. Russia as a transit 
country and China as a country of origin or destination are extremely relevant for modern 
European logistics. 
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1.6 Overview of the dissertation 

This doctoral dissertation is implemented as a collection of peer-reviewed scientific 
journal articles and one article which is part of a conference proceedings. The first part 
contains the introduction to this dissertation and a review of relevant scientific literature 
on logistics and associated environmental sustainability. Furthermore, the methodology 
used in this doctoral research is presented. Lastly, summaries of the included scientific 
publications, as well as discussion and conclusions based on those publications together, 
are found in the first part. The second part of this doctoral dissertation contains the 
scientific publications on which the first part is based. 

This dissertation studies the state of environmental sustainability in logistics industries. 
Therefore, the literature review firstly establishes the relevant literature and its findings 
considering environmental sustainability in logistics. This topic contains drivers for 
companies to adopt environmental sustainability. The drivers for the transformation of 
the logistics industry contain such forces as regulatory action and stakeholder demand, 
and those topics are studied in-depth in this section. Thereafter, state of the art in logistics 
operations is considered. This review includes advances in technology and industry best 
practices toward achieving a higher degree of environmental sustainability in logistics 
operations. Lastly, the literature review considers the role of uncertainty for logistics 
companies. The outbreak of the COVID-19 pandemic in early 2020 and the succeeding 
global lockdowns and travel restrictions had a significant impact on the global logistics 
industry. This has sparked research both in academia and business practice to manage 
such uncertainties that are extremely difficult to predict and carry a devastating impact 
on the logistics operations and overall performance of companies. 
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2 Environmental sustainability in logistics operations 

This chapter presents the relevant literature concerning logistics and environmental 
sustainability. The purpose is to draw a theoretical setting for observing environmental 
sustainability as a competitive advantage for companies operating in the global logistics 
industry. Firstly, the relevant body of scientific literature on environmental sustainability 
is presented, succeeded by state of the art in logistics operations. The last part of this 
section looks at the uncertainties in logistics and how adapting environmental 
sustainability could also help in mitigating the impact of those uncertainties. 

In the context of this thesis, environmental sustainability stands for the ability of 
companies to sustain their operations while causing minimal burden to the surrounding 
environment. Business related motivations for this are discussed throughout this thesis, 
but the main reason can be seen as to conserve the world where the companies operate, 
so they can continue producing value. Environmental sustainability of logistics and 
transportation is measured with focus on different areas: energy efficiency, emissions, 
noise, congestion, and the state of used transport infrastructure (Zhang et al., 2019). It 
seems that majority of measured indicators for environmental sustainability of logistics 
lie in the area of emissions, furthermore, the produced GHG and air pollution during 
logistics operations (Evangelista et al., 2018; Froio and Bezerra, 2021; Zhang et al., 
2019). Of course, energy efficiency is also extensively measured indicator (Evangelista 
et al., 2018), but this often done with focus on cost efficiency rather than environmental 
sustainability (and often these two go hand in hand). 

2.1 Environmental sustainability implications for businesses 

Seuring and Müller (2008) conceptualize a framework for sustainable supply chain 
management, which consists of two distinct parts: triggers for sustainable supply chain 
management and strategies that succeed in the initiation. These strategies are supplier 
management for risks and performance and supply chain management for sustainable 
products. The triggers for sustainable supply chain management consist of external 
factors that drive a company to adopt sustainable supply chain management in their 
operations. These external factors are suppliers, government, customers, and 
stakeholders, which on their part may force a company to adopt sustainability practices 
through regulation, incentives, and demand. In addition, legal demands and regulations, 
customer demands, response to stakeholders, competitive advantage, environmental and 
social pressure groups, and reputation loss were identified as drivers for sustainability in 
supply chain management. Centobelli et al. (2020) explore logistics company 
sustainability strategies in relation to environmental sustainability practices and 
supporting information systems. They divide companies into four categories: adopters 
(few environmental practices and information systems), environmental adopters with few 
information systems, information system adopters with few environmental practices, and 
lastly, sustainability leaders with advanced environmental practices supported by 
integrated information systems. For logistics companies to meaningfully improve their 



2 Environmental sustainability in logistics operations 24

environmental performance, used information systems must be aligned correctly to 
support these efforts (Centobelli et al., 2020). 

Furthermore, supplier management for risks and performance and supply chain 
management for sustainable products are strategies for a company to answer to the 
external forces driving sustainability in their supply chains (Seuring and Müller, 2008). 
Supplier management is a practice where a company’s procurement includes 
sustainability as a measurement to be utilized in their supplier selection and performance 
monitoring. To gain a competitive advantage, a company might introduce sustainable 
products. This approach builds on the previous strategy of supplier management, where 
sustainable products are marketed to appeal to the demanding customers, which consists 
of not only a sustainable supply chain but also a sustainable production process and raw 
materials. When a company implements sustainability strategies throughout its 
operations, sustainability can act as an “order winner,” differentiating the company 
positively from its competition (Ciccullo et al., 2020). In their study, Ioannou and Serafim 
(2019) establish a correlation between company performance and strategic differentiation 
via sustainability practices, which implies that companies can reach strategic benefits 
with environmental focus. 

Widespread concern on the environmental sustainability of contemporary living 
standards and associated facilitating mechanisms (e.g., energy, transport, and business) 
has sprung implementation of national regulations based on international agreements 
(e.g., Paris Agreement in 2016 or International Maritime Organization (IMO) 
conventions). The concern of local communities in the sustainability of present 
companies also results in national and more specific environmental regulation 
(Söderholm and Bergquist, 2012). These actions aim to ease the environmental burden 
that is causing biodiversity loss, water eutrophication, air pollution, and contributing to 
the greenhouse effect. While the measures to enhance environmental sustainability may 
be seen as ambitious, some argue in public discussion that they might be too little too late. 
For example, the transition from conventional road freight fuels to comply with the 
current set goals seems not possible with the current development trajectories (Carrara 
and Longden, 2017). In any case, these changes in legislation, regulation, and ultimately 
attitudes generally impact the way companies should and can conduct their business. 
Ambitious environmental policies can be seen as a necessary catalyst for meaningful 
changes in increasing the environmental sustainability of transportation (Lepitzki and 
Axsen, 2018). 

The EU has set short-, medium-, and long-term strategic policies to reduce the 
environmental burden in its region. The first package (short-term) focused on energy 
usage by setting targets for reducing Greenhouse Gas (GHG) emissions by 20 % (in 
comparison to 1990), producing at least 20 % of the used energy from renewable sources, 
and improving the energy efficiency of the system by 20 % by the year 2020 (European 
Commission, 2020a). The medium-term targets build on the defined targets of 2020, 
demanding a 40 % reduction in GHG emissions (compared to 1990), 32 % share of 
renewable energy, and 32.5 % improvement in energy efficiency (European Commission, 
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2020b). These short- and medium-term milestones ultimately aim to realize the EU’s plan 
for 2050: to have an economy with net-zero GHG emissions, thus achieving climate 
neutrality in line with the Paris Agreement to contain global temperature within under 2 
°C growth in comparison to the pre-industrial era (European Commission, 2020c). As 
environmental sustainability of transportation has become a more central topic in 
European policymaking (as showcased by the increasing amount of legislation), the target 
reductions for passenger cars have become stricter during the program (37.5 % reduction 
of carbon dioxide emissions by 2030 compared to 2021; Haas and Sander, 2020). In order 
to reach climate neutrality, the emissions originating from transportation should be 
reduced by 60 % (compared to 1990) by 2050 (European Commission, 2020d). In 
addition to reducing GHG emissions, the European Union is committed to cutting other 
acidification and eutrophication causing air pollutant emissions. Efforts are also made to 
decrease ground-level ozone, which risks the environment, wildlife, and human health. 
Especially air pollutants have been found to ill approximately 80 % of the global 
population, which begs for drastic improvements in air quality (Rao et al., 2012). This 
commitment contains emissions ceilings and targets to reduce these emissions in 
comparison to the base year of 2005, namely sulfur dioxides by 59 %, nitrogen oxides by 
42 %, ammonia by 6 %, volatile organic compounds by 28 %, and particulate matter 
(diameter less than 2.5 micrometers) by 22 % (United Nations Economic Commission for 
Europe, 2017). These goals were set to be achieved by 2020 and act as a reference point 
beyond that moment. 

Entering into force on January 1st of 2020, the allowed sulfur content of maritime fuels 
was set to 0.5 %, as decided in a convention of IMO (IMO, 2020b). This aims to enhance 
the environmental sustainability of maritime transportation – still today the volume leader 
of transport modes globally. In addition to the sulfur regulation, the IMO convention 
contains decisions that directly or indirectly affect the environmental sustainability of 
seafaring, regarding topics such as controlling ballast water and sediments, response 
protocol to oil pollution, and recycling of ships (IMO, 2020a). Environmental regulation 
in maritime transportation has been found to positively influence decision-making 
towards improved environmental sustainability (Jasmi and Fernando, 2018). Due to 
regulation and other external pressures, numerous maritime companies, especially in 
Europe and North America, are actively improving their environmental sustainability 
(Kronfeld-Goharani, 2018). 

Government can promote environmental sustainability in the form of taxes or initiatives, 
which can affect the preferred mode of transport (i.e., favor a more environmentally 
sustainable mode over a lesser one; Wang et al., 2015). It is still unclear whether taxing 
or subsidizing is a more effective approach for such a goal. Yin et al. (2020) find in their 
model that taxing yields better results in terms of enforcing environmental sustainability 
when consumers are sensitive to the environmental aspects of a product, the cost of 
offering an environmentally sustainable product for a company, and if the negative 
environmental impact of a product is high. They claim that in other instances, subsidizing 
gives a more desirable outcome. 
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2.2 Contemporary trends in the logistics industry 

While cost efficiency remains the dominant factor for perceived value in logistics 
activities, other aspects are emerging in importance for contemporary logistics activities. 
Namely, companies perceive increasing value in the timeliness of transport and 
environmental sustainability of the logistics system (Arvis et al., 2018). One reason for 
the shift of focus is the changing legislation and customer demands, which force 
companies to adopt environmental sustainability to comply with the rules of the 
surrounding business environment and to remain competitive by pleasing their customer. 
In addition, some early-mover companies might have adopted environmentally 
sustainable practices to a greater extent in order to compete with a differentiation strategy 
(Ciccullo et al., 2020; Ioannou and Serafim, 2019). While environmental sustainability in 
logistics could be a differentiation strategy (e.g., assuming forerunner position in 
environmental sustainability for public image), it could also occur as a pre-emptive 
measure for addressing tightening regulations and subsequent backlash that have occurred 
due to lack of compliance or inaction regarding environmental issues. 

The main pathways for logistics companies to enhance environmental sustainability are 
either through adopting new operating models (e.g., cargo size optimization; Salam and 
Khan, 2016) or new technologies to improve the existing operating models (e.g., 
alternative vehicle fuels; Bicer and Dincer, 2018). Successful and meaningful 
implementation of environmental sustainability practices requires a comprehensive 
approach, which includes both new operating models supported by relevant new 
technology. Additionally, a company’s business model must often be renewed in order to 
fluently benefit from the implemented practices and technologies. 

Increasing energy efficiency of logistics operations seems to be currently the most 
effective and the preferred measure to increase their environmental sustainability (Hao et 
al., 2017; Stevens et al., 2015; Yeh et al., 2017), and it is also driven by profit orientation 
of companies. This means that the companies do not have to make a hard trade-off 
between profitability and easing the sustainability-driven external pressure. Transport 
mode selection is one such instance. Where appropriate, railway transport can be used to 
substitute road transport for increased operational efficiency, as well as enhanced 
environmental sustainability (Bergqvist and Monios, 2016, Henttu and Hilmola, 2011, 
Kelle et al., 2019). However, transport mode selection is not straightforward task – 
switching costs, which raise overall costs with every switch of transport mode must be 
considered (Das and Jharkharia, 2018, Panova et al., 2017, Wang et al., 2015). As already 
established, governmental intervention can affect the preferred transportation modes of 
companies (Wang et al., 2015). Cargo size optimization can also be used to increase the 
energy efficiency of operations, more so to reduce the energy consumption on product or 
bulk weight levels. Utilization of High Capacity Transport (HCT) can be accompanied 
by cargo size optimization to carry more cargo at once, with the purpose of easing up 
congestions and enhancing efficiency leading to lowered environmental impact 
(Bergqvist and Monios, 2016). 
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2.3 Technology for improving environmental sustainability 

Technologies and their development are focal in importance for the progress of societies. 
Roughly put, meaningful technological advancements allow fewer inputs (e.g., time, 
money, and labor) to produce more output (in quantity, quality, or both). To translate this 
definition to the topic of this thesis, meaningful technological advancements in 
sustainable supply chains allow the flow of material goods to be completed with fewer 
inputs, such as transport vehicle fuels, work needed in operations and their management, 
or resources needed to produce additional services (e.g., tracking of goods in 
transportation). Moreover, from the perspective of environmental sustainability, 
practices, which are harmful to the environment (e.g., using conventional fossil fuels in 
road transportation), but are currently necessary for running supply chains, can be seen 
as inputs (for these are needed to produce the desired outcome; however, efforts are made 
to minimize the need for these to achieve that outcome). The following section reviews 
the literature on technologies improving the environmental sustainability of 
transportation. 

2.3.1 Alternative fuels 

Governmental policymaking and regulations, customer demand orientating more towards 
environmental consciousness, and the continuous search for more efficient sources of 
energy have led to emerging of alternative fuels for transportation. While conventional 
fuels (petrol and diesel) are and will be the dominant power source for transportation 
during the upcoming decades (Jaccard, 2006), there are benefits to cultivating the use of 
alternative fuels (e.g., to be used in inner-city transportation to increase air quality for the 
inhabitants). In specific cases, alternative fuels could be already on par or superior to 
conventional fuels (e.g., electricity-powered machinery and vehicles used on site of 
operations). In terms of life cycle emissions, most conventional and alternative road 
vehicles are on par with each other (hydrogen vehicles being the least harmful to the 
environment; Bicer and Dincer, 2018). 

Liquefied Natural Gas (LNG) is processed natural gas, which is condensed into liquefied 
form, offering high energy density. Unlike fossil fuels such as coal and oil, natural gas is 
considered renewable in the EU, and at least for the time being, it is an acceptable 
investment for environmental sustainability transition (European Commission, 2021). 
LNG has been established as maritime fuel (Lee et al., 2020; Seithe et al., 2020), strongly 
driven by efforts to meet the global sulfur regulation of IMO, effective as of January 1, 
2020 (IMO, 2020b).  

LNG has benefits over conventional fuels due to the absence of nitrous oxide emissions 
(310 times more global warming potent GHG compared to carbon dioxide; Zhiyi and 
Xunmin, 2019). While effective in both providing the necessary energy for ship engines 
and mitigating emissions from sea transportation, LNG has its own drawbacks. Methane 
slip is an unwanted situation where unburned methane (fuel for that engine) slips out of 
the engine. Unburned methane has at least 25 times more global warming potential than 
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carbon dioxide (Hagos and Ahlgren, 2018), and therefore, methane slips can undermine 
any gained emission mitigation potential of LNG engines (Anderson et al., 2015). 
Methane slips are detected in new LNG engines (e.g., during frequent stops and starts; 
Hagos and Ahlgren, 2018), but especially in dual-fuel engines utilizing diesel as a pilot 
fuel to spark the engine to run on LNG (Baresic et al., 2018; Department for Transport, 
2016). Use of LNG as a fuel in road transportation has been researched in academia (e.g., 
Osorio-Tejada et al., 2017). It has also been experimented with in practice. The best way 
to describe the results is to say they are mixed. On the one hand, LNG is seen as viable 
for the needs of modern road transportation (Osorio-Tejada et al., 2017). However, 
research has yet to show substantial advancements in emissions mitigation and 
justification for the feasibly of required investments. 

Electric vehicles have taken the position of the most probable successor of conventional 
fuels in road transportation, at least according to general perception. These vehicles do 
not produce any tailpipe emissions, which eliminates all GHG and air pollutant emissions 
from the tank-to-wheel phase in energy consumption. Therefore, electric vehicles can 
radically enhance the air quality in the vicinity of roads and in cities. The adverse effect 
of air pollutant emissions (Rao et al., 2012) can thus be mitigated. Raising concerns and 
critiques against the wide implementation of electric vehicles is their actual lifecycle 
impact on the environment. The most critical component for electric vehicles, and also a 
bottleneck in their manufacturing, is the battery. Requiring extraction of specific minerals 
(cobalt) and the elaborate manufacturing process make this component also burdensome 
for the environment. These batteries are also the limiting factor in the autonomous range 
of electric vehicles (Al-Wreikat et al., 2022). While adequate within inner cities, regions 
with longer distances between places (e.g., Finland) would require a wider operating 
range. Furthermore, the wide influx of electric vehicles introduced to the transportation 
system also requires a reliable source of energy to produce electricity for the needs of 
these vehicles. As the majority of electricity grids still rely on fossil fuels, the question 
about the eco-friendliness of electric vehicles is open. Anticipated effects of the large-
scale popularity of electric vehicles have sparked research on how to manage the energy 
grids subjected to this heightened electricity demand. Electric vehicles connected to a grid 
could be used to balance the spikes in demands and supply within the grid through 
charging and discharging their batteries (Höhne and Tiberius, 2020; Song et al., 2019).  

According to Naumanen et al. (2019), national strategies hold different approaches to 
electric vehicle development. Present natural resource reserves required for heavy-duty 
vehicles correlate with that region’s development strategy. China holds the majority of 
electric vehicle intellectual property in addition to the required natural resource reserves. 
At the same time, Europe produces the most scientific literature on electric vehicles 
(Naumanen et al., 2019). In the transportation of goods, the weight of batteries required 
for medium- and heavy-duty vehicles limits the additional cargo capacity (Liimatainen et 
al., 2019). In addition, regions such as Finland, where heavier trucks (up to 100-ton gross 
weight and 34.5 meters in length) are used to cover longer distances, are not suitable for 
the capabilities of current electric trucks (Liimatainen et al., 2019). 
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The use of hydrogen in road transportation has also been studied. These vehicles would 
reduce GHG emissions of operation significantly and remove any air pollutant emissions 
(Ahmadi and Kjeang, 2015). However, these vehicles require a higher initial investment 
compared to conventional vehicles. The cost of operating a hydrogen vehicle heavily 
depends on the price of hydrogen, where a lower price could offset the high initial 
investment through the vehicle’s life cycle (El Hannach et al., 2019). In addition, the 
production of hydrogen heavily relies on natural gas or electricity (and their production), 
which further worsens the life cycle environmental benefits of this alternative (Lee et al., 
2018). 

None of the alternative fuels presented can outright be proven superior over conventional 
ones. This situation begs the question: which one(s) should be developed further? 
Magnusson and Berggren (2018) raise an important issue in the transition towards 
sustainability by introducing alternative fuels to road transportation: competition between 
natural gas and electric vehicles as a de facto solution for lowering negative 
environmental impact. While competition can be beneficial for the development of each 
solution, aggressive favoring of one over the other (e.g., in the form of government 
initiatives and funding) could lead to artificial “victory” of one solution, diminishing the 
potential benefits of the other. Especially in this case, where the technologies are not 
exactly competing for the same segment: currently, natural gas vehicles are more suitable 
for heavy goods and public transportation, whereas electric vehicles seem to be superior 
for personal use. In addition, hydrogen vehicles in road transportation produce the least 
life-cycle emissions (Bicer and Dincer, 2018). This status quo should not feint the long-
term thinking: maybe in the future, one technology overcomes the other, current “sides” 
switch ends, or a third entrant takes the cake. 

2.3.2 Efficiency-enhancing tools 

An effective approach to enhancing sustainability in transportation has been the practice 
of increasing the efficiency of operation (Hao et al., 2017; Stevens et al., 2015; Yeh et al., 
2017). The high degree of capacity utilization is part of efficient transportation, and this 
can be improved by optimization (Salam and Khan, 2016). In this section, literature on 
emerging technologies that could substantially improve efficiency in modern logistics 
and supply chain operation is presented. 

Blockchain is a digital technology that allows the creation of a verified ledger, where the 
transactions recorded to the ledger are verified by other users. This means that at least 
three parties are needed to establish a blockchain ledger. However, when the size of the 
group of those involved grows, so does the legitimacy of the transactions (a wider pool 
of parties verifying the transaction). The recorded transactions cannot be altered 
afterward. The surge in popularity of this technology and its applications have created 
open blockchain ledgers (e.g., used to create cryptocurrencies) but also closed ones (e.g., 
Danish container operator Maersk using a blockchain ledger to track transactions between 
different carriers handling the containers; Tsiulin et al., 2020). However, as is the case 
with many other technologies, many organizations are hesitant to implement blockchain 
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in their operations due to monetary, complexity, security, and other concerns (Choi et al., 
2020). 

Artificial Intelligence is used to automatically process vast amounts of data and produce 
results based on that data (e.g., analyses of the data to make predictions; Ahmad et al., 
2022). When used correctly, artificial intelligence can be used to relieve resources from 
menial tasks, but it also has potential in highly complex analytical work as a tool. Internet 
of Things helps to connect the physical tasks related to logistics and supply chains to the 
internet automatically, thus enabling further monitoring and related optimization of these 
operations (Golpira et al., 2021). In doing so, the Internet of Things can be used to reduce 
the negative environmental impacts of transportation (Golpira et al., 2021; Liu et al., 
2019). Algorithm/software aided optimization is used in designing complex (i.e., 
numerous parameters to consider) systems. For example, the locations of logistics nodes 
in supply networks can be decided to serve the optimal purpose via this technology (Yang 
et al., 2022). Also, software-aided optimization can be used to increase capacity 
utilization levels and reduce loading times in transportation (Salam and Khan, 2016). 

2.4 Supply chain resilience during growing uncertainty 

The word sustainability itself implies longevity, something that can be sustained for a 
prolonged period. Sustainability can be divided into three mutually important spheres 
(Elkington, 1997): economic, environmental, and social sustainability (Triple Bottom 
Line; TBL). All these factors towards sustainability share common goals, to ensure the 
minimal negative impact of actions and created constructs towards the surrounding world, 
and at the same time maximize their positive impact and durability. Supply chains are 
arteries providing life force to modern societies, nourishing their surrounding areas with 
flows of material goods, such as food. Examined through the lens of “Triple Bottom 
Line,” ensuring the existence of supply chains becomes vital for sustained human living. 
If, for example, the food supply to a city is cut, it becomes extremely difficult to support 
living in these large habitat centers (accounts from, unfortunately, periodic darker times 
in history shed evidence on this). In this context, resilience stands for the ability of supply 
chains and logistics operations to withstand negative impacts and maintain their 
established form and connections (Negri et al., 2021). Thus, resilience emerges as an 
important factor for well-established, sustainable supply chains. Contingency planning 
for operations, which ensures adequate continuity even during sudden unexpected special 
circumstances, is required from such supply chains. However, supply chain-related 
improvements require large, long-term investments, whereas the circumstances are 
relatively rapid to change. Therefore, uncertainty can be seen as ever-present. 

Recent events (e.g., the Covid-19 pandemic, Brexit, trade war between USA and China, 
ongoing economic sanctions between the EU and Russia) have had a significant impact 
on existing supply chains, raising the degree of associated uncertainty (Shih, 2020). These 
events have on their behalf driven supply chain managers to adopt a wider perspective on 
their decision-making (Handfield et al., 2020). This turbulence in global economics has 
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directed the supply chain management research to focus more on the resilience of supply 
chains (e.g., Gkanatsas and Harold, 2020; de Haan-Hoek et al., 2020). The Covid-19 
pandemic and succeeding lockdowns issued by governments globally have uncovered 
shortcomings in the modern best practices in global supply chain management (Zhu et 
al., 2020). Centralizing manufacturing in China without proper diversification of 
operations halted the supply chains when lockdowns forced Chinese factories to 
significantly reduce output or completely halt. Diminished output from factories forced 
companies to fall back on their safety stocks, which are generally minimal due to the wide 
adoption of rigorous just-in-time strategies in supply chain management. Monitoring and 
recognizing early signals of fluctuation in supply chains are difficult to carry out since 
global supply chains lack transparency. 

Sustainability decision-making in supply chain management suffers from a lack of 
relevant information, which causes uncertainty over possible outcomes of made decisions 
(Wu and Pagell, 2011). Visibility within an established supply chain between separate 
companies has been recognized as a central factor for sustainability-related uncertainty 
(Wu and Pagell, 2011), to which passing on sustainability requirements from one 
company to the next has been proposed as a solution (Andersen and Skjoett-Larsen, 
2009). While the incumbent supply chain management best practices have been formed 
during periods of stability, uncertainties are imminent, and flexibility is required 
(Christopher and Holweg, 2011). Such flexibility is also needed to pursue sustainability 
in logistics during times of growing uncertainty. 
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3 Methodology 

This dissertation relies mainly on qualitative case studies with a quantitative survey 
method providing further insights on the exploratory qualitative-based findings. 
Furthermore, the carried-out case studies are supported by analytical and bibliometric 
studies to enable triangulation of data (Sandelowski, 2000). Different mentioned methods 
and approaches are used on the same or similar problems and the results of the involved 
analyses are combined to create broader view on the given research problems. The 
triangulation of data helps the research to strengthen shortcomings of singular methods, 
thus approaching higher degree of objectivity. The qualitative case study approach is 
characterized by the importance of primary data gathering (planning, execution, and 
continuous data analysis during the gathering phase; Eisenhardt, 1989; Yin, 2003). While 
often qualitative case studies are associated with inductive studies, they can also be used 
for deductive research (Hyde, 2004; Pearse, 2019). The qualitative case study approach 
was chosen as the primary method to strengthen the theories related to the interplay of 
sustainability and logistics with observations from company and industry level 
perspectives. As sustainability in logistics competitiveness is still an emerging topic in 
practice and academia, the qualitative case study approach is used to explore the ongoing 
related phenomena in logistics industries as they are unfolding (as suggested by 
Eisenhardt and Graebner, 2007). The main research strategy of qualitative case study is 
appended with other approaches. Namely, these are quantitative studies using the survey 
method, as well as analytical and bibliometric studies using online data repositories. This 
mix of methods allows the qualitative aspects of the research to be strengthened by 
quantitative methods and supported by suitable other methods to create meaningful case 
studies with exploratory nature (Spoon, 2014). Given the nature of this research, it relies 
mostly on induction. While there is a large emphasis on data, it does not cover the studied 
industries in whole and therefore does not offer generalizations at face value. However, 
the use of data triangulation offers adequate grounds to draw inductive reasoning on the 
development trajectories and best practices that are forming around improving 
environmental sustainability and competitiveness in logistics industries. 

A major part of the primary data gathering for this dissertation was done through semi-
structured interviews. This was chosen as the primary method because the purpose of this 
research is to examine sustainability issues in modern business practice from the 
perspective of companies. The semi-structured approach also gives liberty for the 
interviewee to express themselves more in relation to the actual situation in their daily 
work and expertise, rather than forcefully fitting their view to a theoretical framework, 
which might not yet be rigorous enough to serve the intended purpose. Furthermore, as 
this research is exploratory by nature and is light in hypothesizing, a semi-structured 
approach lets the interviewee direct the researcher to the way that in the interviewee's 
point of view represents their perception of reality for the studied topic. As Pettigrew 
(1990) put it, planned opportunism was the primary strategy since the data gathering for 
this dissertation involved interaction (e.g., schedule-related negotiating) with numerous 
different companies from various industries. In addition, some of the company contacts 



3 Methodology 34

were made during initiated data gathering phase (e.g., during interviews), therefore 
reshaping the defined plan. 

Primary data was also largely gathered via online surveys. This method allows for rapidly 
collecting viewpoints of the companies parallelly and works as a tactic to “cold” contact 
(contacting companies for the first time). While efficiently widening the scope in 
comparison to interviews, surveying requires predetermined questions and structure, 
which hinders the depth of the data. Often the questions must also be designed in a 
quantifiable way, for example, by employing the Likert scale (Likert, 1932). However, 
online surveys used in this research were also equipped with an open-ended question 
asking general thoughts on the survey topic in addition to Likert scale questions. This 
proved to be an efficient way to gather additional in-depth data (opinions, experiences, 
and remarks that were not considered in the survey questions) from companies regarding 
the studied topic. As many of the survey topics and subtopics were relatively sensitive 
(e.g., business performance during the first wave of the Covid-19 pandemic or success of 
foreign operations), the surveys were designed to let the respondent skip any question if 
so willing. Surveys were used to gather both qualitative and quantitative data. 

Table 1 presents the number of companies reached with both interviews and surveys in 
the research publications appended to this thesis. This showcases the unique viewpoints 
from different companies that are used to generate a view on the studied topic. During 
this thesis work, a total of 25 company representatives were interviewed for 
approximately 45 minutes to 1 hour. In addition, a total of 206 companies were reached 
via surveys. The presented numbers have some overlap since some of the separate 
research works reached the same companies. 

Table 1. Summary of carried-out interviews and surveys. 

Publication Interviews Survey responses Time period 
I 10 56 2018-2019 
II 3 0 2019-2020 
IV 0 62 2020 
V 0 88 2020 
VII 12 0 2021 
Total 25 206 2018-2021 

 

Secondary data from open access repositories was gathered to analyze the current 
circumstances regarding logistics, international trade, and their sustainability. A vast 
database of automatic traffic measurement system by the Finnish Transport Infrastructure 
Agency (2020) was used to study traffic volume and composition on large Finnish roads. 
The research on traffic volumes and their emissions included close to 500 thousand 
unique observations of passing traffic by the automatic measurement system. Databases 
by Statistics Finland (2020) were used to study particularities of Finnish transportation, 
such as cargo throughput in Finnish seaports, cargo weights in road transport, and 
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statistics on newly registered road vehicles. The database of Finnish Customs (2020), 
Uljas, was utilized to examine Finnish foreign trade in terms of volumes, partner 
countries, and transport modes. In addition, publicly available reports by companies were 
used as sources for secondary data. The bibliometric research in this dissertation relied 
on the Web of Science database of scientific publications. That research used 500 highly 
cited scientific articles as a data set. 
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4 Results 

This chapter of the dissertation summarizes and discusses the appended published 
research articles. A total of seven publications are included in this dissertation, of which 
six are journal publications (publications I-VI), and one is a part of conference 
proceedings (publication VII). The following summaries go through each of the 
publications’ aims, methodology, results, and conclusions, and lastly, the implications of 
these publications on the research topic are discussed together as a whole. 

4.1 Business models amid changes in regulation and environment: 
Case Finland-Russia 

The premise for this research was to explore emerging business models in the sphere of 
international trade and transportation between Finland and Russia or in the bigger picture 
between EU and CIS countries. On global scope, the study could be generalized to even 
regard trade between Eastern and Western countries since one critical point of railway 
freight connection on the Eurasian Land Bridge is situated between Finland and Russia. 
Gradually, during the succeeding decades after the Second World War, the trade between 
the studied countries opened within legal frameworks and agreements. More recently, 
trade has been stimulated by programs of both EU and CIS countries, which have sparked 
revision of international agreements, but also national measures to facilitate more open 
international trade. In addition, other interested parties, such as China’s One Belt One 
Road program, for which one of the aims is to increase trade and freight traffic on the 
Eurasian Land Bridge (and one of the means is subsidizing railway traffic between Europe 
and China via Finland and Russia). The context of international trade between Finland 
and Russia gets more complex, since during the measures aiming to open trade, some 
economic sanctions and countersanctions have been imposed between the EU and Russia, 
on their part hindering trade. 

The methodology of this research follows a mixed method employing both semi-
structured interviews and a survey. This methodology was chosen to complement the 
explorative qualitative case study approach. In practice, this means that, firstly, ten 
experts both from practice and academy on international trade between Finland and 
Russia were interviewed to gather their vision on emerging business models within the 
given context. Based on the expert interviews, it was possible to generate three emerging 
business model archetypes (blockchain-based, platform-based, and innovative 
subcontracting-based models) in the sphere of international trade and transportation 
between Finland and Russia. Thereafter, the feasibility of these business models was 
tested alongside business environment-related questions in a survey. This survey was 
distributed to 919 manufacturing and logistics companies in South-East Finland. A group 
of 56 companies replied to the survey, which sets the response rate at 6 %. Most of the 
companies are small or medium-sized enterprises (SMEs). Therefore, this research offers 
a grassroots lens of ongoing legislative reforms' effect on local companies. 
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The results indicate that the studied companies focus their business renewal efforts on 
enhancing the environmental sustainability of their operations. Topics such as circular 
economy, bioeconomy, and alternative fuels gained the most interest from the companies. 
It seems that while the tightening environmental legislation probably plays a major role 
in driving this sort of transformation, companies are proactively adopting environmental 
sustainability to appeal to their customers and to increase the efficiency of operations. On 
the other hand, studied companies were more hesitant towards adopting new digital 
technologies in their business. These include industrial platforms for facilitating 
cooperation based on technologies such as blockchain. However, according to Russian 
interviewees, in their business environment adopting digital technologies for enhancing 
communication and operations optimization is the leading trend. 

Of the three proposed business model archetypes, innovative subcontracting-based was 
met with the most enthusiasm. Many of the studied SMEs indicated that they act as a 
subcontractor for some principal companies, but also many signaled their need for 
subcontracting services. Thus, this result is reasonably expectable. Two of the other 
models were not particularly desirable by the studied companies. The platform-based 
model relies on the existence of an industrial platform, which gathers together the actors 
of the industry and facilitates their communications and agreements regarding orders and 
offerings. While platforms are not a new thing in the realm of Finnish manufacturing and 
logistics, none have excelled. These platforms require a degree of trust between separate 
actors, which seems to be somewhat lacking in the studied cluster. Building upon the 
concept of platforms, blockchain-based business models look to employ blockchain to 
facilitate information exchange between separate actors in the cluster without an 
intermediary entity. Blockchain, among other digital technologies, was perceived as 
immature technology, which explains why the studied companies were not keen on its 
implementation. 

4.2 Maritime supply chain sustainability: South-East Finland case 
study 

The shipping industry is shifting more focus toward sustainability due to the legislative 
changes, stricter regulation, and customer demands. EU has set a transportation 
decarbonizing goal of a 60 % cut of carbon dioxide emissions originating from 
transportation in comparison to levels of 1990 by 2050. In addition, the EU has committed 
to United Nations Economic Commission for Europe’s protocol to abate acidification, 
eutrophication, and ground-level ozone, which sets reduction targets for air pollutants 
also concerning those originating from transportation. IMO has, on their behalf, defined 
a global limit of sulfur content in maritime fuels at 0.5 %. Moreover, as the Baltic Sea is 
set as an emission control area by IMO, the allowed fuel sulfur content has been at 0.1 % 
in this region since 2015. IMO has also set regulations targeting nitrogen, which aims to 
cut nitrogen emissions of vessels by 80% compared to 2016. 
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United Nations (UN) has structured its agenda toward 2030 with the creation of 
sustainable development goals (SDGs). These goals aim to act as a comprehensive 
general level framework to promote global economic, environmental, and social 
sustainability. While the SDGs target decision-making at the state or government level, 
to achieve their desired outcome, they are required to be adopted by organizations and 
individuals. 

This research focuses on Finland’s second-largest seaport complex (in terms of cargo 
throughput quantities), HaminaKotka, and how the growing regulatory and customer 
demand for sustainability has been addressed in the operations of this seaport complex 
within the framework created by SDGs. The chosen approach for this investigation is a 
qualitative explorative case study, employing semi-structured interviews and 
sustainability communications content analysis of the companies operating in the seaport 
complex. The two interviews targeted focal companies of the seaport complex: an 
organization carrying out the marketing and communications for the logistics operators 
of the seaport complex and a large maritime logistics operator. Of the 130 companies 
operating in HaminaKotka, 96 had public websites, which contents were analyzed in 
terms of sustainability communications. Furthermore, one of the co-authors of this 
research offers their vision on the sustainability of HaminaKotka since they worked for 
an extended period in a managerial position at this seaport complex. 

The main task for the governing body of HaminaKotka is to manage multimodal 
transportation in a way that the traffic is fluent. This encompasses facilitating 
collaboration between logistics operators enabling efficient movement of cargo from sea 
to hinterlands, mitigating idling vehicles and congestions. This type of efficiency-
enhancing activity directly also cuts unnecessary emissions in the operations. The region 
of HaminaKotka has been historically suffering from congestion in hinterland operations. 
Therefore, efficiency improvement is a critical task. Sea vessel traffic of the seaport 
complex is controlled by an organizing system, which is similar to those in Hamburg and 
Helsinki seaports. Currently, HaminaKotka lacks shore power capabilities for berthing 
vessels. Furthermore, HaminaKotka operates under a license, which sets limits for 
emissions to ground and water originating from operations on its premises. These limits 
have driven HaminaKotka to conduct more extensive estimations and calculations of 
emissions by traffic in the seaport complex. In addition to traffic emissions, 
infrastructure-related emissions are estimated, and they are factored in the investments 
toward new infrastructure. The interviewees identified environmental sustainability as a 
factor for competitiveness. They claim to have implemented environment in long-term 
strategies to attract and serve more customers. Larger companies are expected to take 
charge in the environmental development, and distribute the related standards, operational 
models and use of technologies to their smaller partners. 

The discussion in the interviews focused on current practices, operations development, 
sustainability, and the near future for the seaport complex. The Forest industry is an 
important partner for HaminaKotka, which accounts for a large portion of cargo handled 
in the seaport complex. In addition, the interviewee companies handle mainly metal 
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products and project transportation. Intermodality is seen as an important topic since 
competent shipping also relies on fluent hinterland operations (i.e., road and rail 
transportation). Thus, transport mode selection arises as an important practice for 
enhancing the efficiency and environmental sustainability of transport chains. Highway 
E18 remains a central part of transportation infrastructure, and since it has been recently 
renovated, it further facilitates road transportation to and from HaminaKotka. However, 
the interviewees have observed bottlenecks in the intersecting of smaller roads for road 
freight. 

Declining transit traffic via Finland to Russia (import to Russia) has caused challenges 
for HaminaKotka. Transit of Russian exports has been slightly rising and is currently at 
a similar level as in 2011. Also, sanctions and countersanctions between the EU and 
Russia have taken a toll on the amounts of cargo handled in the seaport complex. In fact, 
the succeeding collapse of the Russian ruble’s value seriously diminished cargo volumes 
between Finland and Russia. Still, interviewees hold freight traffic to and from Russia as 
potential. Focus on environmental sustainability can improve the desirability to use 
HaminaKotka as a green port in logistics operations. 

4.3 Road traffic emissions and emission reduction targets: Case of 
Highway E18 in South-East Finland 

The purpose of this research was to calculate an accurate estimation of emissions 
originating from road transportation in one of the main arteries of the Finnish road 
network in South-East Finland, namely Highway E18. More precisely, the study area is 
the eastern section of Highway E18 between the Finnish capital Helsinki and the Finnish-
Russian border (Vaalimaa). The study period is set between 2010 and 2019, representing 
a decade of transportation on the chosen road section. The carried-out emission 
estimations are based on the openly available data from the automated Traffic Monitoring 
System (TMS) implemented by the Finnish Transport Agency. This system relies on 
automated measurement stations located alongside main roads in Finland. These stations 
independently monitor passing road traffic, collecting data on each passing vehicle's 
direction, speed, and vehicle type. Vehicle type is deduced from the length of the passing 
vehicle: either passenger car, van, truck (without trailer), bus, semi-trailer truck, full 
trailer truck, passenger car with trailer, or passenger car with a mobile home. This traffic 
data is then incorporated with the VTT Technical Research Centre of Finland’s traffic 
emission inventories, which are available in their LIPASTO database. From this database, 
it is possible to gather emission estimations for different vehicle types (in terms of 
different compounds emitted per kilometer of operation). Different vehicle types for each 
year are considered during the study period (i.e., the majority of used engines complied 
with different emission regulations in 2010 than in 2019). In addition, diesel and 
petroleum engines are considered for passenger vehicles. The combination of the 
described sources of data made it possible to create annual emission inventories for the 
studied highway. 
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Using the described databases, the amount of greenhouse gases and air pollutants in the 
study region are estimated. The estimated greenhouse gases consist of carbon dioxide, 
methane, and nitrous oxide. In addition, the amount of carbon dioxide equivalent units 
combining the mentioned greenhouse gases by their global warming potential is 
estimated. Considered air pollutants in this research are carbon monoxide, hydrocarbons, 
nitrogen oxides, particulate matter, and sulfur dioxide. Examining the produced emissions 
from road transportation in the study area during the decade between 2010 and 2019, the 
total amount of emissions seems to be moderately rising. However, these emissions and 
especially GHGs summited in 2013, whereafter they have declined substantially even 
though they have lately turned on an upward trend. Moreover, air pollutant amounts have 
been consistently diminishing during the study period. 

The decarbonization goals of the EU are still far away from reach (60 % cut of 
transportation carbon dioxide emissions by 2050 in comparison to 1990). For example, if 
these goals are to be reached via electrification of the vehicle fleet, wide modernization 
of vehicles would be needed. Even if all passenger cars were electric, the goals could not 
be met. However, if all vans and passenger cars were electric, then the decarbonization 
goal would be achieved. This hypothetical situation is worthwhile to ponder, as heavy 
road traffic is difficult to shift to the use an alternative, less-emitting energy sources. Also, 
the share of passenger cars in the total traffic volumes in the study area is increasing, 
requiring action towards these vehicles and their emissions in particular. 

4.4 Covid-19 Pandemic: Early Implications for North European 
Manufacturing and Logistics 

As of late 2019, and more so in early 2020, business globally and virtually in every sector 
has experienced immense setbacks due to Covid-19 and related mitigation actions. The 
transportation sector has been impacted by travel restrictions, complicating international 
transport and, consequently, the global logistics networks. Meeting restrictions and 
similar preventing measures also have complicated domestic transport. Especially 
passenger transportation has declined drastically during the pandemic (Schulte-
Fischedick et al., 2021). 

This research examines the North European manufacturing and logistics industries with 
a survey approach. This survey was divided into two sub-surveys, where the first one was 
sent to large companies in Estonia, Finland, Norway, and Sweden. Companies with 
physical material flows were contacted to gain meaningful responses related to the 
transportation and manufacturing sectors. For this sub-survey, nine out of 885 companies 
responded to the web-based survey focusing on questions about logistics, supply chains, 
and the effect of the pandemic on those. The other sub-survey focused on small and 
medium enterprises registered as either manufacturing or logistics companies in 
Southeast Finland, namely Kymenlaakso and South Karelia regions. This time 575 
companies were contacted, and 53 responses were received. The surveys were sent during 
June and July 2020. The response rate for the first survey was 1 %, and for the second 
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9 %. The response rates were relatively low possibly due to the sensitive nature of the 
questions about pandemic and affected foreign operations. 

Qualitative analysis of the survey results yielded various insights into the peculiar 
pandemic situation affecting the logistics and manufacturing sectors. It seems that the 
studied companies have been able to serve their customers well despite the difficult times. 
Even the smaller companies with fewer resources to navigate through hardships have 
reportedly served their customers adequately. However, the uncertainty accompanied by 
the pandemic has left the studied companies hesitant in their future actions. These 
companies are facing some growth in transportation cost increases and inventory 
expansions. In addition, they are looking to change the used transport modes, especially 
favoring railway mode in future. Some companies signal efforts to alleviate their supply 
chain dependencies to specific regions (i.e., Russia and China), but others are adamant 
that these dependencies will remain. The long-term effects of the pandemic and related 
prevention measures are yet to unfold, and the studied companies seem to be cautious. 
One signal for the cautiousness could also be the hesitation of larger players to take part 
in the carried-out survey. Upon further examination of the survey answers, it seems that 
small and medium-sized companies have had more problems in filling customer orders. 
It seems that the economic support and policy decisions have not affected the economy 
symmetrically; smaller actors are reportedly experiencing more troubles than larger ones. 
Amid the pandemic, companies struggle to further develop their long-term strategic goals, 
including improving environmental sustainability. Especially smaller companies are 
facing such difficulties. However, the optimization of operations and transport mode 
selection have some positive effects toward the environmental sustainability of studied 
logistics industry. This study, as well as the next one, highlight the connected aspects of 
sustainability and the impact of uncertain events. Societal and economic continuity must 
be ensured, and the environmental sustainability is in part temporarily excused. 

4.5 Covid-19 pandemic: small actor point of view on manufacturing 
and logistics 

As discussed in the previous section, the Covid-19 pandemic has had a serious impact 
and probably has lasting effects on the logistics and manufacturing sectors. Moreover, 
previous research indicated that smaller companies seem to be facing more difficulties 
than the larger players. Studying small and medium enterprises (SMEs) is also vital since 
most modern economies depend on these companies. Firstly, they are the main employers 
in developed countries. Secondly, large enterprises depend deeply on SMEs as 
subcontractors. Therefore, the difficulties among SMEs cast worrisome shadows over 
modern economies, and their survival through pandemic times requires more studies. 

This research also employs three surveys. The first survey in June 2020 was directed to 
large manufacturing and logistics companies in Estonia, Finland, Norway, and Sweden 
(in total, 885 respondents with nine responses setting the response rate at 1 %). While not 
widely popular in terms of answer quantity, these few answers give a representation of 
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large companies contrary to the latter surveys, which focus on SMEs. These nine first 
survey answers were given by respondents in managerial positions in their respective 
companies, so the quality can be regarded as high. The second survey was distributed to 
smaller regional companies in the logistics manufacturing sectors of Southeast Finland 
(Kymenlaakso and South Karelia) during June and July of 2020. From the group of 575 
contacted companies, 53 responded, setting the response rate at 9 %. The third and final 
survey continued with the same principles as the second one and was sent to smaller 
manufacturing and logistics companies in the East Uusimaa region (Loviisa, Porvoo, and 
Vantaa) during September and October 2020. In the last phase, 473 companies were 
contacted with 26 responses at a response rate of 6 %. In total, this constitutes 88 
responses from North European manufacturing and logistics companies. 

When large and smaller manufacturing and logistics companies are set in juxtaposition 
relative to each other, insights on asymmetric effects of the pandemic and related support 
measures emerge. It seems that SMEs have had more difficulties in serving their 
customers adequately. These smaller actors seem to also be more hesitant to continue 
their international operations. Especially, continuity of operations directed outside of the 
EU (namely Russia and China) is uncertain. Interestingly, the popularity of railway mode 
is reportedly increasing among SMEs during the coming decade. Similarly as in the 
previous article, smaller companies are identified to face difficulties in improving 
environmental sustainability amid their struggle for survival. However, in long-term, this 
aspect of sustainability cannot be neglected, as pressure from legislation and societal 
demands towards environmental sustainability increase. 

4.6 Open and Sustainable: An Emerging Frontier in Innovation 
Management? 

As established, sustainability as a central concern in modern societies. Innovations are 
vital for sustainability transitions looking to address this concern. Therefore, effective 
innovation management is needed for increasing sustainability. There are various viable 
approaches to innovation management with different pros and cons. As sustainability can 
be divided into three aspects (economic, environmental, and social), it makes sense that 
sustainability-related innovation management should take these into account. Effective 
innovation management naturally considers economic aspects, as innovations are not 
viable in the first place if they are not directly or indirectly improving cost efficiency. 
Social sustainability in innovation management calls for measures, such as societal 
inclusion, to be successful. It has also been established in previous studies (e.g., Sarkar 
and Pansera, 2017) that sometimes truly beneficial innovations towards environmental 
sustainability come from practice and grassroots level, from companies and individuals 
directly experiencing the problems in environmental sustainability. It would seem that 
collaboration and openness are therefore beneficial for the common effort to increase the 
sustainability of societies. 
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As scientific literature is one of the main channels to steer societal opinions and actions, 
this research looks into the existing body of literature for signs of increased openness and 
sustainability angles in innovation management. The machine learning algorithm is 
employed to go through the 500 most cited scientific articles on the Web of Science, 
dividing them into different categories according to the content of their abstracts. The 
topic modeling and networks of citations between different journals and articles are not 
guided by the researchers. Instead, the algorithm does this, and the researchers interpret 
the results. The algorithm builds a network graph between the studied articles. This graph 
presents links between the articles, journals and citations, according to their strength (how 
closely they are connected). This way, some fundamental biases can be averted, such as 
perceived prestige and importance towards specific journals and esteemed authors. 

Based on the bibliometric analysis, some insights related to sustainable open innovation 
can be drawn. Sustainable open innovation can be divided into four levels: individual, 
organizational, city, and regional. Collaboration benefits sustainability efforts and helps 
in involving stakeholders from different identified levels of sustainable open innovation. 
The levels of sustainable open innovation and importance of collaboration can be 
extended to logistics industry also. For example, on organizational level, logistics 
companies justify improvements in sustainability with increased competitiveness. 
However, to reach these goals they must collaborate with other organizations and other 
mentioned levels. 

4.7 Is Ignorance a Bliss in Sustainability? Evaluating the Perceptions 
of Logistics Companies’ Self-Assessment in Environmental 
Performance 

Companies naturally must operate in a business environment characterizable as uncertain. 
Therefore, effective management relies on awareness of the company’s surroundings 
accompanied by adequate means to measure and subsequently control operations within 
this uncertainty. Sustainability is growing in societal importance and has become a factor 
in companies’ competitiveness. It now also plays a role in companies’ operational 
certainty or uncertainty depending on the ability to measure and control it. 

This research employs a qualitative multiple case study approach. Data was gathered via 
interviewing twelve informants representing the Finnish logistics industry. In fact, the 
interviewees were chosen to represent the local multimodal logistics network. The studied 
companies represent operators of different transport modes, infrastructure providers, and 
regional logistics system developers. Aviation was left out from this study as the focus 
was on the logistics system of a specific region instead of the global system. The 
interviews focused on the companies’ and their partner network’s environmental 
performance. With such an approach, it was possible to gain insight into the 
environmental performance of the chosen multimodal logistics network. Furthermore, the 
approach illuminated the logistics companies perceived level of environmental 
sustainability and that of their partners from their own point of view. 
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Results of this study indicate that the studied companies (which can be seen representing 
the overall logistics industry in Finland) seem to overestimate their environmental 
performance. Additionally, most companies see themselves as forerunners in 
environmental sustainability in comparison to their immediate partnership network. This 
illusory superiority is highlighted by the interview answers. Most of the interviewees 
claim that while they have taken some substantial steps toward improving their 
environmental sustainability, these steps are mostly smaller incremental improvements. 
The focus seems to be on cost efficiency, as is typical for the logistics industry. This 
seems contradictory to the claims of excellence in environmental sustainability and 
creates implications for the industry. It seems that environmental sustainability-related 
decision-making is facing a lot of uncertainty in this industry. This is due to the lack of 
completeness in the understanding of this phenomenon. Environmental sustainability is 
not adequately identified, measured, and controlled in operations, which in turn means 
that decision-making relies more on gut instincts than on data. With an inadequate 
understanding of the ins and outs of environmental sustainability, it is also easier to grade 
the actions taken so far as more grandiose than they are. However, it should be kept in 
mind that some of the studied companies are forerunners in environmental performance, 
which is due to their long-term determination and defined strategy to be just that. This 
further complicates the interpretation of self-evaluations. As the main takeaway, 
however, the studied logistics industry can be seen evaluating sustainability higher as a 
factor for competitiveness and actively pursuing improvements in that regard. 

4.8 Overview of the publications and their results 

This section aims to clarify how the presented publications contribute to answering the 
defined research questions. In table 2, the connections between the publications and 
research questions are presented. This thesis aims to answer the following questions: 

I. How do environmental regulation, legislation, and demand change the 
business environment in logistics industries? 

II. What are the challenges and benefits for logistics companies in adopting the 
mandated environmental sustainability? 

III. Are there benefits for logistics companies to adopt an even further degree of 
environmental sustainability? 

IV. Are there societal benefits originating from a high degree of environmental 
sustainability of logistics companies? 

The first research question establishes the problem setting by asking how the 
environmental legislation and demands affect logistics industries. Publications I-III, VI, 
and VII directly contribute to answering this question. Publications I, II, and VII were 
conducted with a qualitative case study approach where logistics industry representatives 
were interviewed. Also, surveys were sent to companies in this industry. Part of the 
questions directly asked the representatives about the effects of environmental legislation 
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and demands. Moreover, Publication III was an analytical study on development of road 
traffic and their emissions on a particular highway in Finland through a 10-year frame. 
On top of that, hypothetical scenarios were made to reflect the EU transportation 
decarbonization goals. Therefore, this study also contributes to the first research question. 
Lastly, Publication VI was a bibliometric study of the scientific literature on sustainability 
and innovation (and the interplay between those). While not strongly and directly 
answering the first question, this study gives an overall insight into the growing 
sustainability awareness in societies and how companies are reacting to this. 

The second research question is aimed to understand the challenges and benefits the 
environmental sustainability transition offers to logistics companies. Publications I, II, 
IV, and V directly inquire about these challenges and benefits from company 
representatives either via interviews or surveys. Publication III focuses more on the 
challenges, namely, the difficulty of achieving EU decarbonization targets in road 
transportation. Publication VI ponders the challenges and benefits of the sustainability 
transition from a larger, societal point of view. Publication VII studies logistics 
companies’ ability to perform under the baseline environmental sustainability set by 
regulations. 

The third research question explores the pursuit of environmental sustainability even 
further by asking about additional benefits of additional ambition towards environmental 
sustainability beyond legislation. Publications I and II study logistics companies’ 
willingness to increase their environmental sustainability. Publication III contributes to 
this question by showing that the future targets are difficult to achieve with current 
legislation. Instead, more radical improvements are necessary. Publications IV and V 
show that turbulences in a business environment can realign the companies’ direction in 
a very short time. This implies that companies who strive for environmental sustainability 
need to prepare accordingly to maintain this competitive edge even through harder times. 
Publication VI again establishes the societal point of view on sustainability transitions. It 
also claims that innovation is not created within a single organization or by an individual 
but rather in a societal system. Accordingly, logistics companies may benefit from their 
surrounding society if they are open to interacting and adopting a higher degree of 
environmental sustainability (in comparison to the absolute minimum level demanded by 
legislation). Publication VII aims to show that the transition towards environmental 
sustainability in logistics has just begun. Strategic alignment and more radical 
improvements are needed to approach environmental sustainability. 

The fourth question builds on the third question to further explore the possible societal 
benefits originating from logistics companies’ high degree of environmental 
sustainability. Publication I directly studies the effect of customer demands on companies' 
plans to increase their environmental sustainability. Similarly, Publication II studies the 
effects of customer demand on maritime supply chains. It also highlights the benefits for 
ports in answering societal demands in environmental sustainability. The environmental 
effect of both commercial and individual use of road transportation is considered in 
Publication III. Publications IV and V establish the importance of functional supply 
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chains for societies' existence. Furthermore, environmentally sustainable supply chains 
are crucial for enabling environmentally sustainable societies. The main contributor to 
this question is Publication VI, which establishes companies as part of society. 
Companies cannot exist outside of societies; they actually exist within societal system as 
part of them. They are in constant interaction with their surroundings beyond other 
companies. They are also encouraged to collaborate with their surroundings to produce 
meaningful results in terms of environmental sustainability improvements. Often these 
collaborations stem from a larger societal issue, such as environmental sustainability. 
Therefore, sustainability benefits in companies can be seen as societal benefits, and vice 
versa. Publication VII encourages companies to study their surroundings, including the 
society they operate in. A holistic approach to environmental sustainability challenges 
benefits both the focal company and its surroundings. 
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Table 2. Connection of the publications to the thesis research questions. 

P
u

b
lication 

Research questions 
How do environmental 
regulation, legislation, and 
demand change the business 
environment in logistics 
industries? 

What are the challenges 
and benefits for logistics 
companies in adopting 
the mandated 
environmental 
sustainability? 

Are there benefits for 
logistics companies to 
adopt an even further 
degree of environmental 
sustainability? 

Are there societal 
benefits originating from 
a high degree of 
environmental 
sustainability of logistics 
companies? 

I New possibilities and 
opportunities in changing 
business environment are 
explored. Results show that the 
studied companies are focusing 
on improving environmental 
sustainability in this context. 
Environmental regulation is 
expected to tighten in the future. 

Companies identify 
benefits in environmental 
sustainability. Therefore, 
they are actively trying to 
improve in this regard. 
Radical improvements 
(e.g., alternative fuels) are, 
however, not seen as very 
viable currently. On the 
other hand, digital 
solutions to increase 
efficiency are seen as 
beneficial. 

Since the business 
environment is rapidly 
changing, those who adapt 
better are likely to succeed 
in the future. Companies 
recognize stakeholder 
demand for sustainability 
as a driving force for 
transformation. 

Customer demand drives 
sustainability improvements 
in companies. These 
demands are similar to 
societal demands, and 
proactive companies in 
sustainability will likely 
please these demands also in 
the future. 

II Maritime supply chains are 
largely affected by 
environmental regulations. In 
addition to shipping, this context 
also includes rail and road 
transportation in hinterland 
operations. Substantial actions 
have already been taken towards 
higher sustainability. 

Port infrastructure is 
subject to environmental 
regulations. While this 
poses challenges, it also 
drives infrastructure 
investments. Especially 
supporting transport modes 
(i.e., road and rail) receive 
attention. The studied port 
is improving its hinterland 
operations to make the 
overall operations more 
efficient, fluent, and 
flexible. 

It seems that maritime 
supply chains are improved 
with a long-term outlook 
on sustainability. 
Improving the efficiency of 
operations cuts slack, 
streamlines processes, and 
cuts unnecessary energy 
consumption. Thus, 
environmental 
sustainability is 
simultaneously improved. 

Improving port 
sustainability also benefits 
the surrounding nature and 
living areas. This also 
benefits the port, as it can be 
labeled as a green port. Such 
labels can improve 
competitiveness and attract 
more customers. 

III Transportation decarbonization 
goals in the EU are hitting road 
transportation hard. While good 
progress towards these goals has 
been made, radical changes are 
needed to fully comply with the 
goals in time. 

Logistics companies face 
steep challenges in cutting 
road transportation 
emissions. Even with new 
technologies (e.g., 
alternative fuels), reaching 
the decarbonization goals is 
questionable at best. Their 
emission reducing capacity 
is not enough. 

A proactive mindset 
toward environmental 
sustainability can benefit 
logistics companies, as this 
study signals that the 
“business-as-usual” 
approach is not effective 
enough to comply with 
environmental regulations. 

Road transportation 
emissions originate both 
from commercial operations 
and also individual mobility. 
To reach the transportation 
decarbonization goals, both 
societal and corporate 
actions are needed. High 
degree of environmental 
sustainability eases the 
stress for societies beyond 
logistics companies to 
improve in this regard. 



4.8 Overview of the publications and their results 49

IV While complying with 
environmental regulations is 
challenging, unexpected events 
can also hurt logistics operations 
and their progress in 
environmental compliance. 
Means to improve resilience 
towards supply chain 
disturbances can also help with 
enhancing sustainability. 

Improving environmental 
sustainability in logistics 
can also help with supply 
chain resilience (e.g., 
selecting less-emitting 
transport modes). It is 
difficult to justify large 
investments in 
sustainability or resilience, 
but they can pay off when 
considered in long-term 
strategies. 

Proactivity in companies 
can equip them with the 
means to navigate through 
difficulties caused by 
uncertainty and unexpected 
events. Those who are 
prone to adapt to changes 
will likely prosper in 
transforming business 
environments. Same stands 
for complying with 
pressures towards 
environmental 
sustainability. 

Supply chain resilience and 
sustainability ensure the 
prosperity of the involved 
societies in the long term. In 
other words, supply chain 
resilience and sustainability 
are parts of the greatest 
benefits that society can 
enjoy. 

V Smaller actors are facing more 
difficulties during unexpected 
events. They also struggle to 
comply with tightening 
environmental regulations. Still, 
they remain a vital part of 
societies and enable industries 
such as logistics. Therefore, 
resilience of those companies 
toward uncertainty also improves 
environmental sustainability. 

Smaller actors have fewer 
resources to safeguard 
against hard times or to 
radically renew their 
operations to comply with 
environmental regulations. 
However, if they manage to 
do this, the overall 
resilience and sustainability 
of surrounding industries 
are significantly improved. 

The competition is dire, 
and most smaller actors are 
struggling to survive 
through harder times. 
Those who can muster up 
capabilities to navigate 
through these hard times 
are better equipped against 
uncertainties in the future. 
Those companies also 
better realize their long-
term goals, such as 
environmental 
sustainability. 

Small actors are usually 
subcontractors for large 
enterprises and thus enable 
modern societies. When 
those actors prosper, the 
society at large can also be 
seen prospering. 

VI As societies are heading towards 
better sustainability in common 
effort, companies in these 
societies are expected to join this 
effort. This can be seen as 
societal demand for 
environmental sustainability. 
Companies refusing to do so will 
be exiled in this process. 
Logistics companies play a large 
role in sustainability transition 
since mobility and transportation 
are vital for modern societies. At 
the same time, these functions 
are responsible for a large share 
of the negative environmental 
impact of societies. 

It is challenging for 
logistics companies to 
comply with the increasing 
societal demand for 
sustainability. These 
demands turn to legislation 
and regulation over time. 
However, those companies 
who embrace these 
demands and involve 
surrounding society in the 
quest for sustainability can 
be expected to be more 
successful. 

Those companies who 
engage in improving 
sustainability in unison 
with society naturally go 
beyond baseline regulation 
in the process. Embracing a 
higher degree of 
environmental 
sustainability allows for 
further involvement of 
surrounding society in the 
company’s business 
operations. 

In the context of this study, 
sustainability improvements 
are seen emerging from 
societal systems of which 
companies are part. In this 
sense, a high degree of 
sustainability in the 
company is seen to benefit 
society and vice versa, 
forming a positive feedback 
loop. 

VII The studied logistics companies 
are taking steps towards 
environmental sustainability due 
to legislation, regulation and 
societal demand. These are 
mostly incremental 
improvements, and strategic 
implications of environmental 
sustainability are not fully 
considered. 

Lack of standardization in 
measurements and 
reporting make it difficult 
to evaluate the real 
progress made. Therefore, 
the compliance to 
environmental legislation 
and regulation remains 
unclear. In addition, 
studied companies seem to 
overestimate their 
environmental 
performance. 

Companies recognize the 
importance of 
sustainability but are 
uncertain in related 
decision-making. They 
would need to adapt robust 
environmental measuring 
beyond that required in 
law, to adequately support 
decision-making. 

Companies who adequately 
measure and develop their 
environmental sustainability 
also take the related societal 
demands into account. 
These companies create 
benefits for societies 
through their environmental 
sustainability advancements. 
Those advanced in 
sustainability decision-
making might recognize the 
benefits of societal 
involvement in their 
operations. 
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5 Discussion 

The use of different sources, types of data, and data analysis approaches (both qualitative 
and quantitative) enable data triangulation. This, in turn, gives a chance to structure a 
view on the studied subject, logistics sustainability. While the topic is relatively new and 
still emerging in popularity, a considerable body of scientific literature already exists. In 
the following sections, the findings from the summarized scientific publications are 
discussed in relation to relevant literature. 

5.1 Logistics companies’ adaptation toward environmentally 
sustainable business practices 

Literature shows that sustainability is emerging as a central topic in modern business 
management (e.g., Ciccullo et al., 2020; Lam and Li, 2019). For some industries, it has 
even been established as a part of the industry best practices (e.g., manufacturing; Gold 
et al., 2017). The carried out empirical research further strengthens the notion. As 
established during this dissertation, the logistics industry can often be characterized as 
being traditional, rigid, and price oriented. The quality of logistics companies’ services 
comes traditionally from cost efficiency but also security, flexibility, and timeliness. 
Furthermore, seldom logistics industry can be called proactive to radical changes. 
However, this industry can be seen as rapid in reacting to changes in its business 
environment. In addition, the industry is highly competitive, where aspects of 
competitiveness that penetrate the market are acted upon rapidly. This must be done to 
survive in a competitive environment. Sustainability is emerging as a significant part of 
the quality the logistics companies offer (Arvis et al., 2018). Therefore, as sustainability 
becomes a more relevant topic in business, it will also impact and transform the logistics 
industry. 

Sustainability advances in logistics are driven by both top-down and bottom-up 
approaches. These approaches act similarly to the triggers for sustainable supply chain 
management described by Seuring and Müller (2008). While different in characteristics, 
both approaches stem from societal consensus. Top-down approaches are regulations and 
incentives issued by different governmental bodies to steer the industries in desired 
directions. As governments represent the people of their respective societies, top-down 
approaches ultimately bring down people’s demands on companies. On the other hand, 
bottom-up approaches can be seen as a more direct way for societies to influence 
businesses. Here the people interact with companies through discussion or various actions 
(Söderholm and Bergquist, 2012). In addition, some entrepreneurs focus on the prosperity 
of their immediate communities, thus advancing the societal efforts toward sustainability 
(Sarkar and Pansera, 2017). 

To reach current transportation decarbonization goals, and furthermore to combat global 
warming and other negative environmental effects of transportation, improvements must 
be made now. This hurry is due to the currently observable negative consequences on 
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environment and because the planned progress is lacking. Currently, logistics companies 
are improving their sustainability by increasing the efficiency of their operations. This 
has been already established in existing literature (e.g., Hao et al., 2017; Stevens et al., 
2015; Yeh et al., 2017). However, some companies are also broadening their used 
transport modes and are also adding multimodal transportation chains to their operations. 
Especially utilizing railway mode has been found to improve the environmental 
sustainability of logistics (Bergqvist and Monios, 2016, Henttu and Hilmola, 2011, Kelle 
et al., 2019). Alternative fuels are also being piloted and experimented with. While 
alternative fuels are not yet widely implemented in logistics operations, companies are 
trying to justify their use and required investments. By broadening the used catalog of 
transport modes and used fuels, the challenges arising from uncertainties related to 
logistics can be proactively averted. However, significant improvements in logistics 
sustainability cannot be expected to happen overnight. Nonetheless, it is vital for logistics 
companies to go beyond incremental improvements and include sustainability aspects in 
their long-term strategies. 

5.2 Impact of environmental regulation and stakeholder demand 

Regulative action to reduce negative environmental impacts of transportation seems to be 
having positive outcomes. Mainly, it has forced logistics companies to take substantial 
steps to improve the environmental sustainability of their operations (similarly as found 
by, e.g., Jasmi and Fernando, 2018; Wang et al., 2015). A quick fix has been improving 
the efficiency of operations and using biodiesel in road transportation. Also, railway mode 
is preferred more. Some companies have even assumed the role of a forerunner in 
environmental sustainability. They have included sustainability in their strategy and are 
actively focusing on improving their environmental performance in the long term. These 
strategies include using digital solutions to improve efficiency, using different operational 
models, and piloting alternative fuels. The vision is based on achieving competitiveness 
in the future with current actions. Also, environmental regulations are expected to be 
tightened, and these strategies offer a way to proactively comply with those regulations. 
Gold et al. (2017) find that companies in societies with strong sustainability awareness 
benefit from such proactivity. However, environmental regulations have not yielded only 
positive outcomes. Companies and individuals alike are struggling, since the 
transportation decarbonization targets in the EU are difficult to achieve. The targets are 
set high, whereas viable solutions are only a handful at best. With current trajectories, 
they seem to be out of reach. Smaller companies are also struggling with compliance with 
the current intermediary goals. Since they have fewer resources and are more dependent 
on the success of ongoing operations, they have fewer opportunities to implement long-
term strategies regarding environmental sustainability. Most developed economies rely 
on smaller actors as subcontractors to larger companies in handling the actual operations. 
Therefore, it is not a viable or sustainable solution to leave these actors hanging out to 
dry. Instead, solutions to ensure these actors' operations continuity in a sustainable 
manner must be found. 
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Stakeholder demand in the context of this study can be boiled down to sustainability 
demands from customers but also other stakeholders such as shareholders and the 
surrounding society at large. This demand can be seen as a notable force in driving 
sustainability transitions in logistics industries. A similar force has driven environmental 
sustainability in pulp and paper industries (Söderholm and Bergquist, 2012). Customer 
demand is more immediate, unlike regulation, which develops over time, often based on 
the customer demand. Other stakeholder demands can also be characterized similarly, but 
perhaps not as immediate. These demands also seem to go beyond the current regulations 
that are in force at a time. In a way, they act as a dynamic force that foreshadows the 
coming regulations. Stakeholder demand also has a larger impact on competitiveness than 
regulation. It drives companies to proactively improve their environmental sustainability, 
which in turn requires more radical innovativeness and stakeholder inclusion (Gold et al., 
2017; Kronfeld-Goharani, 2018). Regulation is a baseline which all the companies in a 
market must comply with. On the other hand, stakeholder demands are not necessarily 
required from companies, but companies that fulfill these demands may possess a 
competitive advantage over those who do not (Ciccullo et al., 2020; Gold et al., 2017). It 
is not so simple, though; companies must recognize the stakeholder demands they want 
to act towards. Especially, some societal demands might be highly audible but are not 
affecting the company's performance. For example, consumers might demand sustainable 
products but still choose to consume products that are cheaper for them. It should be noted 
that inaction towards stakeholder demands might also hurt the performance of a company.   
A company with natural advantages in their use might overlook their importance, fail to 
develop those advantages, and suddenly face pressure from competition focusing on those 
same advantages. For example, companies with railway logistics capabilities could 
overlook the environmental benefits of this transport mode.
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6 Conclusions 

Regulation, legislation, and demand have had an immense impact on logistics industries. 
Focus shift towards environmental sustainability has been rapid, and this shift requires 
resource investments. These factors act as top-down (regulation and legislation) and 
bottom-up (stakeholder demand) forces that drive the logistics industries towards a higher 
degree of environmental sustainability. Many logistics companies have started just during 
the recent years to consider the environmental sustainability of their operations. At the 
same time, some companies have recognized these factors for a longer time and have 
included environmental sustainability in their strategy as well as daily operations 
(similarly to the manufacturing company in Høgevold et al., 2019). It could be therefore 
claimed that sustainability has been established as a factor for competitiveness in logistics 
industries. While there have been positive effects from these forces, they have also 
complicated the art of doing business in logistics industries. This seems to be the nature 
of long-term improvement; business becomes more complex when it matures. However, 
it is not beneficial for sustainability efforts to double down on regulation, legislation, and 
demands that can hurt the economic systems of modern societies (Rosenbloom et al., 
2020). In some instances, it is beneficial to explore different possible solutions 
simultaneously to find the most suitable ones and possibly to let these solutions co-exist 
and support each other (Magnusson and Berggren, 2018). 

As established in this research work and previous literature, smaller actors are facing 
more difficulties in complying with regulatory and stakeholder demands in environmental 
sustainability (e.g., Ernst et al., 2022; Johnstone, 2021). This is mainly due to a lack of 
resources, namely time and money. Profit margins and funding in smaller companies 
represent fewer resources in absolute terms. Therefore, it is usually more easily justified 
to use these resources to improve short-term performance. Larger actors, on the other 
hand, have more opportunities to develop their strategies and run long-term programs 
(Andersen and Skjoett-Larsen, 2009). The possible benefits of including sustainability in 
a logistics company’s strategy have been presented in this work. In short, sustainability 
can be seen as a significant factor in logistics companies’ competitiveness going forward 
from now. Since smaller actors often act as subcontractors to larger companies, there are, 
of course, sustainability requirements from principal companies to their subcontractors. 
Hence, companies in these networks should find ways to collaborate toward common 
sustainability goals (Centobelli et al., 2020). 

Environmental regulations represent the baseline with which companies must comply. 
They also follow societal demands. Therefore, companies that can extend their 
environmental sustainability beyond the regulations to comply with societal demands 
assume a better position in the long term. Such proactivity in sustainability has been found 
to be beneficial for competitiveness in the manufacturing sector also (Gold et al., 2017). 
The studied logistics companies have recognized environmental sustainability as a 
growing factor in competition. Thus, those who are proactive in this regard can ensure 
their success in the future. Alongside economic performance, environmental 
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sustainability can often be improved with more efficient operations (e.g., decreasing 
energy use, reducing slack, and avoiding unnecessary transport). 

This work presents multiple ways that logistics companies’ environmental sustainability 
benefits the surrounding societies. Firstly, reduced negative environmental impact of 
transportation directly benefits nature and people that exist in the same space. Moreover, 
as logistics industries can be seen as a part of their surrounding societies, the companies’ 
environmental efforts become those of societies. As the goals are common, it makes sense 
for companies to try and involve societies in sustainability efforts. That itself can be seen 
as such an effort. Since logistics companies and societies intertwine in the described way, 
it creates a positive feedback loop. In other words, logistics companies’ environmental 
sustainability benefits society, and the societal benefit can further benefit the logistics 
companies. This feedback loop establishes logistics companies’ assumed position in 
societies in a long-term sustainable way (as is the goal of thinking with Triple Bottom 
Line; Elkington, 1997). 

6.1 Theoretical implications 

This work adds to the scientific literature on environmental sustainability (summary can 
be found in Table 3). Namely, the work considers the environmental sustainability of 
logistics industries (as repeatedly called in the literature by, e.g., Das and Jharkharia, 
2018; Negri et al., 2021; Panigrahi et al., 2019). The existing body of literature is quite 
extensive already, but the company-level perspectives include unique perspectives on the 
larger phenomena. While it is important to draw large directions in corporate 
sustainability, it is vital to understand the smaller building blocks that form this larger 
topic. Furthermore, as logistics itself is an immensely complicated topic, this work 
reflects the peculiarities related to logistics upon sustainability theories. Sustainability 
efforts, logistics operations, and supply chains are not something that is implemented by 
individual people, single companies, or limited industry clusters. Collaboration and 
interaction between logistics companies are required to reach further advances in 
environmental sustainability (Centobelli et al., 2020). Therefore, it is important to 
understand the relations in logistics networks and how environmental sustainability 
affects those networks. 

The presented research work shows that sustainability has become an important part of 
competitiveness in logistics industries (similarly to the European manufacturing sector; 
Gold et al., 2017). In the past, competitiveness could be boiled down to logistics operation 
quality determinants such as security, flexibility, and timeliness (Arvis et al., 2018). It 
has become obvious that these parts that constitute competitiveness are now accompanied 
by sustainability (especially environmental sustainability). When examined more in-
depth, environmental sustainability itself has multiple theoretical implications as a part 
of competitiveness. In the short-term, quick advances in the environmental sustainability 
of logistics operations can polish the image of a company (Lam and Li, 2019). These 
benefits are, of course, desirable for companies. However, when companies engage in 
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environmental improvements, they soon realize that small incremental advancements do 
only so much. Especially since some logistics companies have established a solid track 
record in improving environmental performance for a longer period. In this regard, 
environmental regulation has been successful in its goal of reducing the negative 
environmental impact of businesses and societies. The regulation acts as the driving force 
to take the first steps towards environmental sustainability (similarly as pointed out by 
Jasmi and Fernando, 2018). Going forward, an appropriate mix of regulations is needed 
to address short- and long-term environmental efforts in transportation (Lepitzki and 
Axsen, 2018). 

In the long term, the importance of regulation can be seen as lesser. Here the stakeholder 
demands take the position of the main driving force. Similar findings have emerged from 
maritime sector sustainability (Kronfeld-Goharani, 2018). As logistics industries are 
highly competitive, environmental stakeholder demands that penetrate the competition 
drive companies to perform beyond the baseline regulations. This setting is beneficial for 
larger actors who possess resources and opportunities to improve their competitive 
position with a long-term mindset. Unfortunately, smaller actors can be hurt by this type 
of development. Smaller companies are already struggling to comply with the current 
regulations, which do not represent the end goals (and are already set for the coming 
decades). Moreover, recent events, such as the Covid-19 pandemic and increased political 
turbulence between the EU and Russia, have hurt the smaller companies. These negative 
events require finesse from the supply chain management perspective to navigate through 
(Handfield et al., 2020). Since modern societies and larger actors alike depend on the 
operations carried out by smaller actors (sub-contractors), mutually benefitting solutions 
should be considered (Panigrahi et al., 2019). The collaborative effort and appropriate 
governmental actions should be considered in designing the further steps in improving 
the environmental sustainability of logistics. Eikelenboom and de Jong (2019) call for 
similar coordination of efforts to increase the sustainability of smaller actors. Since 
environmental sustainability of transportation requires radical innovation to progress 
meaningfully towards established goals, this type of innovation may stem from smaller 
actors working closely with the prevalent environmental challenges (Sarkar and Pansera, 
2017). 

Table 3. Summary of the theoretical implications. 

Company level perspectives to environmental sustainability of logistics. 

Collaboration within industries and clusters are important to reach environmental sustainability goals. 

Sustainability has become a central part in competitiveness of logistics. 

Companies can reach short-term and long-term benefits from improving environmental sustainability. 

Improvements in environmental sustainability tie resources and take time. Therefore, they should be 
regarded as long-term endeavors. 

Stakeholder demand can be seen as powerful driving force for environmental sustainability, in many 
cases even more so than regulation. 
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6.2 Managerial implications 

The present research work offers multiple managerial implications (summary can be 
found in Table 4). The central topic of the work is to show the benefits of environmental 
sustainability for logistics companies. This is done while reflecting the changing business 
environment for these companies. As established, there are external forces that drive 
sustainability transitions in logistics industries. Namely, these are regulative, legislative, 
and stakeholder demand. The changing business environment affected by these forces is 
necessary to establish to show that logistics companies who adapt to these changes 
successfully can increase their competitiveness now and in the future. 

National and regional environmental regulations drive companies to improve the 
environmental sustainability of conducting their business. These regulations are only 
going to become tighter in the future. In addition, market-driven programs such as carbon 
trading could possibly be extended to transportation also. At the moment of writing this 
work, this is not yet the case. Companies that are more capable of adapting to these 
changes will prosper in the not-so-distant future. The tightening regulation and other 
transport decarbonization programs are accompanied by growing societal concern about 
environmental sustainability. This development directly affects logistics companies as 
their customers become more demanding in terms of environmental sustainability. 
Logistics networks are built upon partnerships, and these are also affected by demands 
for better environmental performance. Companies can appeal to these stakeholder 
demands in order to improve their competitive position. For logistics companies, this 
means that those who offer environmentally sound transportation services in the future 
will most probably prosper over those who do not. However, environmental challenges 
are not solvable within singular companies. Therefore, collaboration toward 
environmental sustainability is extremely vital for the industry to function properly. As 
established, large and small actors are differently equipped to increase their 
environmental sustainability. Sustainability efforts in the future should encourage 
collaboration between these actors, and governments should act to ensure a fair business 
environment for the described collaboration. 

Environmental sustainability efforts in logistics industries should also be bolstered with 
standardization. As it is now, environmental performance measurements and 
communications are not subject to robust standards. This leads to a situation where it is 
difficult to benchmark companies, and environmental sustainability is not appropriately 
measured. While some companies carry out detailed measurements of their operations 
and communicate the results transparently, some do not. It is not necessarily a question 
of lacking effort or purposeful negligence. Uniform and stricter requirements in 
environmental communications could improve the transparency of logistics industries. At 
the same time, it would help logistics companies in measuring the right things to support 
their decision-making with appropriate data. Benchmarking the best performers can also 
help logistics companies to improve their own environmental sustainability (Jasmi and 
Fernando, 2018). Adequate information processing and exchange can be seen as vital for 
improving logistics companies’ environmental sustainability (Centobelli et al., 2020). 
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Alongside environmental challenges, logistics companies are facing other challenges in 
their current business environment. Mainly the Covid-19 pandemic and related mitigation 
efforts have caused negative effects on the global logistics system. Moreover, North 
European logistics companies have been hesitant in their eastern operations since 2020. 
The more recent increasing political tensions between the EU and Russia in early 2022 
have further increased this hesitancy. As established in the research, logistics companies 
(especially smaller ones) are looking to leave the eastern markets of Russia and China. 
While the development of international operations for logistics companies is worrisome, 
that also acts as a force driving sustainability in its own way. North European 
transportation is dependent on crude oil imports from Russia. The current developments 
in the relationships between these regions have caused societal pressure to reduce 
dependencies on energy imports from Russia. To substitute for this energy, new sources 
must be found, and renewable sources are preferred in North Europe. It seems that in this 
instance, once again, the external stakeholder pressure assumes the position of driving 
sustainability transition. 

Table 4. Summary of the managerial implications. 

Companies that can adjust to changes in their business environment perform better than those who do 
not. 

Environmental sustainability demands are becoming stricter both due to legislative and stakeholder 
pressure. These changes should be taken seriously. 

While environmental sustainability improves competitiveness, it also requires collaboration within the 
logistics networks. 

Standardization and measurements in environmental sustainability are lacking. 

Especially smaller actors should be focused on sustainability transitions. 

Environmental sustainability measures (e.g., diversified energy mix) can help with navigating through 
unexpected negative events. 

 

6.3 Limitations and recommendations for future studies 

Like all research works, this research work also has some limitations. As it mainly relies 
on qualitative case study methods, the scope is relatively limited. The approach is mainly 
explorative, where the research is light on hypotheses and focuses on describing the 
ongoing phenomena. While qualitative case studies offer a close lens to the inner 
workings of logistics industries, it is limited to only considering selected companies and 
geographical areas. This work mainly studies companies in North Europe and especially 
Finland. While the qualitative studies are supported by quantitative methods (namely 
surveys), they represent the chosen geographic regions, industries, and companies. 
However, the findings are generalizable to other regions with similar characteristics (e.g., 
countries with long distances between cities and logistics systems focusing on road 
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transportation). Also, relationships to other connected regions and industries are 
considered. 

It would be beneficial to conduct future studies with a broader quantitative approach. This 
way, the exploratory findings here could be used to generate hypotheses, and quantitative 
data could be used to test those hypotheses. It is also advisable to use the specific findings 
of North Europe and compare those to findings from other regions. As this study also 
mainly offers a snapshot of the current situation in logistics industries, more longitudinal 
studies are encouraged. The findings here could be used as part of the data in such a study. 
Lastly, similarly to one of the publications appended to this work that uses openly 
available data to construct emission inventories, studies with different scopes and scales 
are encouraged. 
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Abstract: Changes in regulation are affecting the international business environment. In this study
the impact of regulation changes and ways to benefit from those in Finland and Russia are examined.
Logistics and manufacturing companies are studied using the case study approach including ten
semi-structured interviews (Finland and Russia) and a survey (Southeast Finland), further supported
by an additional survey for logistics sector companies (Southeast Finland). The changes in the business
environment have created a fragmented market with a growing number of actors. Three business
models (blockchain-based, platform-based and innovative subcontracting-based), capitalizing on
the growing number of actors, were incepted in the interview phase and evaluated in the survey
phase with companies. These models are integrable with the circular economy, a relevant practice
according to the studied companies. Blockchain was perceived as a still immature technology.
Further study revealed that the companies are not well prepared for environmental demands in
logistics, and the overall volumes and business climate between the analyzed countries have not
improved. Additionally, those companies do not actively pursue the possibilities of new technologies.
The impact of regulatory changes in this region has not been examined closely with a case study
approach. This study helps to explain the current trends in an established market.

Keywords: business models; regulation; logistics; supply chains; Finland; Russia

1. Introduction

The international railway connection between Finland and Russia (then Union of Soviet Socialist
Republics) was formalized in 1948 when these countries signed a contract on interconnection via
railways [1]. Since then, policymaking between these countries has progressively been facilitating
international trade, and furthermore connecting eastern and western markets. More recent changes in
legislation and regulation have been gone along the lines of European Union’s (EU) railway legislation
renewal. These so-called railway packages seek to open railway transports for competition and to
enable fluent international operations [2]. However, some restrictive legislative changes have also
emerged between Finland and Russia, driving the affected industries to adapt to the risen challenges.
Thereupon, the changing business environment requires involved companies to revise their respective
business models.

Recent turbulence in the political environment between the EU and Russia has led to sanctions by
the EU and respectively counter sanctions by Russia. The sanctions affect the exports to and imports
from Russia of military equipment, dual-use goods, energy-related equipment (mainly concerning
oil exploration and production) and supporting services for the mentioned equipment and goods [3],
whereas the counter sanctions are mainly imposed against the import of food products (such as

Sustainability 2020, 12, 3393; doi:10.3390/su12083393 www.mdpi.com/journal/sustainability
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milk, dairy products and meat), but also various other industries and sectors of the economy [4], e.g.,
agricultural equipment and pharmaceutical goods [5].

Recently, the EU has introduced strategies and regulations to lower emissions produced by
transport, which is globally responsible for a major share of all produced emissions, i.e., approximately
a quarter of all carbon dioxide emissions [6]. The general goal for carbon dioxide emissions from
transport is to reduce them by 2050 to 60% lower in comparison to the base year of 1990 [7]. Furthermore,
the EU has committed to reducing other emissions that also occur from transport by 2020 and beyond in
comparison to 2005 levels, namely sulfur (by 59%), nitrogen oxides (by 42%), ammonia (by 6%), volatile
organic compounds (by 28%) and atmospheric particulate matter (diameter less than 2.5 micrometers;
by 22%) are targeted [8]. In addition, the International Maritime Organization (IMO) has set the cap
of sulfur content in fuels used by ships to 0.5% starting from January 2020 [9]. A more demanding
sulfur regulation of 0.1% was implemented in the Baltic and North Sea already in 2015 [10]. Moreover,
nitrogen oxide emissions are strictly controlled by the IMO in the Baltic and North Sea emission
control area with a reduction target of 80% in comparison to 2016 by requiring all the new ships
built after January 2021 to have either installed catalyst converters for emissions or use Liquefied
Natural Gas (LNG) as their fuel [11]. IMO also prohibits the discharge of waste from maritime
vessels into the sea and requires monitoring of the waste while on-board until proper disposal [12].
These type of regulations incentivizes companies to optimize their supply chains and transport mode
selection correspondingly [13]. Moreover, while the presented regulations cover specific regions, the
environmental policies can be expected to be implemented in other areas depending on the policies’
effectiveness and the given area’s economic and political situation [14]. Therefore, adapting to emission
regulations is vital for companies operating internationally.

While the presented legislation changes tighten the business environment for the involved
companies, the transformed environment could facilitate or even necessitate the deployment of new
business models. Thus, this article seeks to provide insight into the following questions:

• RQ1: What effects do legislative changes have on the business environment between Finland
and Russia?

• RQ2: What types of new business models are enabled by the changing environment?
• RQ2.1: How are innovation and new technologies enabling these business models?

The rest of the article follows a structure of a literature review on sustainability in supply chains
and logistics as well as sustainable business model innovation in Section 2, succeeded by explaining
the used methodology to study the impact of the changing business environment in Southeast Finland
and its implications for manufacturing and transportation companies in Section 3. Thereafter, the
results of the empirical study are presented in Section 4. Lastly, this article is concluded in Section 5,
where the results are discussed and reflected upon the theoretical baseline, and possible directions for
future research are drawn.

2. Sustainable Business Models in Logistics

While sustainability has been established as an essential topic in supply chain research [15],
generally it remains inadequately regarded in practical supply chain operations [16]. A modest shift of
the aspects creating value in logistics has been observed, from a rigid cost orientation to other factors,
environmental sustainability being one [17,18]. In maritime traffic, environmental sustainability is
increasingly regarded due to tightening emission regulations as well as demand from stakeholders,
customers and business partners [19]. Furthermore, strong orientation toward environmental
sustainability within a company could improve that company’s overall competitiveness [20].
Additionally, disregard or inaction concerning environmental sustainability could impose unexpected
costs on a company [21], and it could be in companies’ best interest to implement proactive measures
to mitigate these possible costs [22].
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Environmental sustainability and its possible competitiveness benefits in transportation can be
enhanced by transport mode selection (e.g., utilizing multimodal transport chains with a larger share
of less-emitting transport modes) and emphasizing collaboration within supply chains [23]. However,
even though railways can be utilized to transport large amounts of freight conveniently and ecologically,
road transports are often preferred due to higher mobility and flexibility [24]. Moreover, road transports
are often used to support other modes of transport, such as in the pre- and post-haulage of railway
transports [25]. To benefit from multimodal transports and the involvement of multiple actors within
the chain, adequate intermodality and information sharing are required [26]. Additionally, an integrated
supply chain requires a certain degree of trust between the involved actors [27]. Moreover, research by
Ayoub and Abdallah [28] suggested that the benefits from flexibility are reached through innovativeness
and responsiveness within a supply chain. It should also be kept in mind that multimodal transport
chains are imposed to transaction cost every time a transport mode is changed [23,29,30]. Technologies
such as Radio Frequency Identification (RFID) [31,32] and Wireless Sensor Networks (WSN) [32] could
be utilized to support supply chains involving multiple separate actors through efficient information
exchange. The tracking of goods offered by such technologies also enables monitoring of the reverse
logistics, e.g., recycling of the packages [31].

To maintain the profitability of a business in an ever-changing world, deployed business models
should evolve accordingly [33]. Furthermore, introduction of innovations to business should be
conducted so that said innovations are woven into the company’s business model [34]. In the
case of incumbent companies, the existing business models and assets must be addressed in the
business model renewal to avoid conflicts between new and established practices [35]. In addition to
business model design, the implementation of the model is a significant factor in its profitability [36].
Boons and Lüdeke-Freund [37] claim a strong relationship between a company’s business model and
its innovation activities, where those activities enable not only innovative outputs but also business
model renewal for competitive advantage. As established, the role of business model innovation is of
high importance in economically sustainable business; however, often this process is not successful [38].
Due to this relationship of need and associated uncertainty, companies’ dynamic capabilities towards
renewing business models and their specific industry remain important factors in the business model
innovation [39]. Especially in business model innovation aiming towards higher environmental
sustainability, the surroundings of a company (e.g., industry, other actors and society) should be
regarded in their business model through network orientation [40].

Hence, logistics service provision interconnects with environmental sustainability and business
model innovation, mainly due to emerging trends in legislation and regulation as well as stakeholder
demands. As stated, environmental sustainability is a growing issue in logistics [17,19] and in order
for a company to reap the benefits from innovations, their business model should be designed in a
manner allowing that [34,37,40]. This trajectory suggests that the logistics service providers should
revise their business model design and include environmental sustainability as a factor of value for
their offering. Furthermore, the increased competition and new entrants in railway traffic due to
the changing business environment between Finland and Russia suggest that the companies related
to this field should find ways to cope with the introduction of numerous new actors. Furthermore,
environmentally sustainable business models, such as those based on circular economy practices,
require extensive cooperation between separate actors [41].

3. Materials and Methods

This article combines a research from the latter part of 2018 (see [42]) with newer empirical study
from 2019. The former research investigated the possible new trends in business models associated with
manufacturing and transportation companies situated in Southeast Finland. Furthermore, the interplay
of relevant innovations and new business models in the given context were studied. The previous
study was conducted as a case study (e.g., [43,44]) with 10 semi-structured interviews of Finnish and
Russian transportation professionals and experts, and a survey for manufacturing and transportation
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companies in Southeast Finland. A qualitative approach to studying emerging markets was used,
as proposed by Guillotin [45]. The surveyed companies were mostly small- or medium-sized companies
(SMEs) handling raw materials or low manufacturing value products. Findings from the previous
study were used as a baseline to investigate the diffusion of the most promising business models and
innovations since the last period of investigation. From the point of view of the studied companies,
contemporary relevant and feasible innovations lie in the sphere of environmental sustainability.
In transportation, these include technologies such as alternative fuels (e.g., LNG and electricity),
and operations improvement (e.g., transport mode selection and multimodal transport chains).

In order to examine the validity of previous findings and to further study the development of the
transportation industry in Southeast Finland, a newer survey study conducted in the autumn of 2019
concerning road transportation between Finland and Russia was conducted. This study of international
road transportation was executed in the form of a web-based survey, which was distributed to 919
companies operating in the field of transportation, logistics and forwarding situated in South Finland
alongside the highway E18 (European Road, a main serving road between Finnish and Russian trade).
This research scope covers regions from Finland’s west coast to its capital area and furthermore to
its eastern border with Russia (starting in the west from the greater Turku region, and continuing to
the capital region of Helsinki and from there onwards to the eastern border, ending at the Vaalimaa
border-crossing point). A sample size of 56 recipients responded to the survey, setting the response
rate for this survey at approximately 6%. This survey was more successful in terms of response rate,
possibly due to its more specific scope and the shorter time required to fill the survey. The conducted
survey focused on the past performance and future projections of local, national, international and
transit road traffic in Finland, as well as perception towards alternative fuels in road transports and the
usage of multimodal transport chains.

In addition, secondary data from an open-access database on road traffic near border crossing
points between these countries, provided by the Finnish Transport Infrastructure Agency [46], was used
to examine road freight traffic between Finland and Russia on a macroscale. A map with these border
crossing points can be found in Appendix A. The described approaches were used jointly to gain
a deeper understanding through triangulation on the complex problem setting established by the
research questions [47].

4. Case Study Findings

The findings are presented in such a way that the results from the previous study are presented
briefly first in order to prime the reader to the context of this case study. Thereafter, the results from the
succeeding study are examined against the backdrop of the information discovered in the preceding
research. While the first study had a broader scope in terms of the studied industries and factors in their
respective environment, the results from this research indicate the need to focus on the transportation
operations. The evidence pointed out that the companies in Southeast Finland focus their innovation
activities to promote environmental sustainability on the operations, and transportation practices were
the most obvious target for optimization.

4.1. Previous Findings from Manufacturing and Transportation Companies

4.1.1. Semi-Structured Interview Results

The research began with semi-structured interviews to map the present situation within the
studied region and to let the involved experts and professionals share their vision about the current
situation as well as the direction of future development. The central topics that emerged during the
interviews are summarized in Table 1. The trends among the interviewees seem to focus on the growing
demand of subcontractors and competition, as well as the fragmentation of the market into a multitude
of separate actors and a higher number of smaller customers than before. The innovation activities
seem to emphasize solutions to environmental challenges and ways to improve collaboration between
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different actors via communication channels and information flows. As this research focuses on the
Finnish–Russian international business environment, the Eurasian Land Bridge, and more specifically
the railway connection from China through Kazakhstan and Russia to Finland, plays an important
role (other routes to China also exist through Russia and Mongolia, but the Kazakh route is currently
used). Regarding this, the interviewees had recognized growing volumes of international freight traffic
on railways between Finland and Russia. However, Finnish logistics operators have experienced a
decrease in their internal operations on the Russian side, but they remained optimistic regarding future
investments toward operations in Commonwealth of Independent States (CIS) member countries.
Likewise, interviewees from Russia saw potential in the railway connection of Europe and the Far East
through the Eurasian Land Bridge. In addition, the importance of the Northern Sea Route seems to hold
more significance amongst Russian interviewees. While the overall trajectory of affairs seems similar
on the Finnish and Russian sides, the development in Russia aims to capitalize on the growth potential
of the logistics industry by shifting more of the handling of the freight flows to local actors instead of
foreign actors, i.e., seeking lower use of transit countries in imports and exports. This development
has played a role in diminishing freight traffic on roads between Finland and Russia.

Table 1. Overview of the emerged topics during the interviews (modified from [42]).

Finnish Interviewees Russian Interviewees

General remarks on
the international
logistics industry

Share of railway freight is growing between
Finland and Russia.
Railway connection from Finland to China has
challenges in the intermediary border crossings.
International operations target CIS countries,
Mongolia and China.
The Russian market has fragmented from a few
large customers to numerous smaller ones.
The Imatra–Svetogorsk border crossing point
could be used to relieve pressure from
other points.

The Northern Sea Route alongside
supporting infrastructure is
being developed.
High importance of a Russian railway
corridor between West Russia and the Far
East as an alternative to the conventional
sea routes.
Containerization rate is still low in
comparison to Europe.
Balance of imports and exports is offset by
decreasing imports and stagnant exports.
Local ports are increasingly favored over
transit countries.

National logistics
infrastructure and

competition

Ongoing and planned development
of infrastructure.
Some disagreements on the emphasis
of development.
There is demand for new entrants in the railway
industry to create more flexible supply networks.
Competition on railways is fierce; few actors
handling bulk material are realistically competing.
Role of the state in stimulating competition
on railways.
Subcontracting and other supporting services.

Infrastructure in Central and East Russia is
not optimal, but it is being developed.
Intense competition.
Russian railways (RZD) remains as a focal
actor in the industry.
Political and economic uncertainty is a
challenge, but there is development and
growth potential.

Innovation in the
logistics industry

Research and development activities emphasize
environmental sustainability.
Blockchain technology could improve
communication between separate actors,
information exchange and tracking of shipments,
and cut costs by reducing unnecessary slack
within the logistics operations.

Common platform to unify separate actors
is being developed.
Academy and businesses show interest
toward Blockchain technology.
The environmental sustainability of logistics
industry is not being actively developed.

Moreover, the railway infrastructure in Southeast Finland is seeing investments to its development,
and at the same time the competition of railway traffic has become liberated, allowing other actors
into the market in addition to the state-owned operator. However, some of the interviewees saw that
the entry barriers to this field are too high for new entrants, expect for few operators specializing
in certain types of bulk freight. At the same time, the incumbent actors on railways signaled their
demand for new potential partners in the field to develop their network to fit customer demands more
flexibly. Therefore, the Finnish interviewees called for state-level initiatives to stimulate the entry
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of new actors into the market. The vision of interviewees from both sides of the border on relevant
innovation in transportation related to the solutions seeking to manage and interact with a multitude
of different actors in transportation industry. Additionally, on the Finnish side, interviewees saw the
environmental sustainability of operations as a pressing issue due to the tightening regulations and
rising demand for sustainability from customers as well as business partners. On the other hand,
the industry on the Russian side seems to be in more dire need for solutions to communicate efficiently
with the growing number of actors in the transportation field.

4.1.2. Survey Results

In the 2018 survey, approximately half of the respondent companies had engaged in international
business. Approximately a quarter (23.1%) of the surveyed companies focused on exporting, whereas
approximately 11.5% were focused on importing. A group of 7.7% were both exporting and importing
and the rest (7.7%) reported doing other international business. As can be seen in Figure 1, a share of
42.9% of the companies with international operations had those within the EU. The popularity of the
EU is most probably due to low barriers for the movement of goods, people and capital within the
region. Since the geographical location of the studied region lies in the border area of Finland and
Russia, the next largest target for foreign operations was Russia and other CIS countries. The markets
were targeted by a group of companies with the shares of 23.8% and 4.8% for Russia and other CIS
countries, respectively. Interestingly, despite the historical, cultural and geographical proximity of
other Nordic countries, fewer companies indicated them as their target market. Lastly, some of the
studied companies also had operations towards China and other Far East regions, but other locations
were not mentioned by the respondents. The remaining half of the respondents without foreign
operations signaled no interest to establish them.
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The previous survey was set to investigate the effect of changes in legislation and regulation to
the business of the surveyed companies. While many of the presented changes were not regarded as
impactful, the carbon dioxide (CO2) mitigation directive was seen to have a relatively distinct effect by
the companies, as illustrated in Figure 2. This is not very surprising, as the transportation sector has a
significant stake in generated CO2 emissions globally. While 42.3% did not grade the effect, and 15.4%
saw no impact by the directive to their business, the rest of the group valuated some effect for the
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EU’s CO2 mitigation strategy. Since the trajectory of CO2 emissions originated from transportation,
the reduction of those emissions requires most probably some radical changes in the used vehicles or
how they are operated (e.g., alternative fuels with lower CO2 emissions). The impact is difficult to
estimate, but transportation companies will have to renew their fleet from its current composition.
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activities (Likert scale; 0 = cannot say; 1 = no effect; 2 = low effect; 3 = moderate effect; 4 = high effect;
5 = very high effect).

The transportation and manufacturing industries follow the same development as other sectors of
the economy, where service provision has taken a significant share of all transactions in the market.
This phenomenon is portrayed in the survey, since approximately half (46.2%) of the surveyed
companies indicated that they require subcontracting services to support their business. At the
same time, a large share of the respondents (57.7%) was offering subcontracting services to other
companies. This overlapping of service provision and consumption can be seen in Figure 3. The survey
allowed the respondents to write free-form comments about subcontracting, and some of the responses
pinpointed that companies offer subcontracting back and forth to each other, whenever the need arises.
This type of behavior has been observed by Hedenstierna et al. [48] in 3-D printing operations in
Europe. Moreover, some of the interviewees indicated their need for more subcontractors to help them
serve their customers in a more flexible manner. Additionally, the Russian interviewees indicated the
growing importance of service provision in the logistics sector in Russia, likewise pointed out in the
research by Yakunina [49].

Based on the interviews conducted before the distribution of the survey, the most relevant
innovations according to the interviewees were studied with the help of the surveyed companies.
These were blockchain, the Internet of Things (IoT), Artificial Intelligence (AI), LNG, catalyst converters
for emissions in sea vessels, bio-economy or the utilization of renewable energy sources and circular
economy. The surveyed companies were asked to rate their interest towards applying the mentioned
innovations in their respective business practices. In addition, the respondents were asked to indicate
if they have already implemented some of the mentioned innovations, or if they plan to do so.
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As illustrated in Figure 4, the innovations related to higher environmental sustainability scored
higher grades from the respondents. Exceptions were LNG as fuel and catalyst converters, which
are more relevant to maritime transports (although in fact LNG is being experimented with in
road transports [50–52]). While shipment monitoring was revealed as a topic of high interest for
transportation companies during the interviews, technologies such as blockchain and IoT received a low
score on interest during the survey. Blockchain was deemed not interesting for the surveyed companies,
possibly due to the debatable maturity of the solutions based on this technology, despite it being
already implemented in transportation activities by the Danish container logistics company Maersk [53].
Circular economy and bio-economy were perceived as the most interesting innovations from the ones
presented to the surveyed companies, and respectively 42.3% and 23.1% of these companies were
planning or had already implemented these in their business activities. From these results it is evident
that the manufacturing and transportation companies see environmental sustainability as a main target
for their innovation activities.

To conclude the survey, the respondents were asked to grade three distinct business models by
their feasibility in the companies’ respective business environment. These models are generalized
examples of the visions for emerging business models by the interviewees. Moreover, the models
strive to capture the benefits from legislation and regulations, the changing business environment of
Southeast Finland, and new technology and innovations, which were studied during this research.
Thus, the proposed business models for the respondents were innovative subcontracting-based,
platform-based and blockchain-based models.

Firstly, the innovative subcontracting-based model in the context of this research refers to a
model where the focal company offers subcontracting services on business sections that have not
been externalized by the principal companies before. Furthermore, this type of model would enable
lateral collaboration between companies to offer subcontracting services to each other, e.g., by order
book smoothing as described by Hedenstierna et al. [48]. For example, the gradually liberated
competition on railway traffic could offer opportunities for this type of business activities. Secondly,
the platform-based model involves a situation where the existing markets operate within a digital
platform. The initiative for companies to join this community would be the convenience through
a streamlined process of sourcing providers and identifying customers. In addition, a platform
could stimulate competition through a less formal contract structure and more transparent tendering.
Additionally, as the studied market is more fragmented in terms of number of separate actors; according
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to the interviewees, a platform could act as a tool to navigate this increasingly complex network. Lastly,
the blockchain-based model in this research can be understood similarly to the platform-based one,
but the point here is not focusing on digitalizing the marketplace. This model seeks to reinforce the
existing networks by allowing a more efficient exchange of information between partners, by making
the transactions more transparent by involving the whole supply chain in the information exchange
and by verifying the transactions within a supply chain by the participants of said chain.Sustainability 2020, 12, x FOR PEER REVIEW 9 of 18 
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The different proposed business models and their perceived feasibility are combined in Figure 5.
As was established in the earlier results, the need for subcontracting services in the studied region
is significant. This can be seen manifested in the perceived feasibility grade for the innovative
subcontracting-based model, which had a feasibility rating of “very high” for 15.4%, “high” for 7.7%,
and “moderate” for 19.2% of the respondents. The other two proposed models received a lower
feasibility rating, and the platform-based model was seen as slightly more feasible. The modest success
of those models can possibly be explained by the low maturity of the required technology in the given
context of manufacturing and transportation SMEs in Southeast Finland. A more significant factor in
the low perceived feasibility for these models probably is that they require extended trust between
the separate actors introduced into the network [54], which is not typical in industries with fierce
competition as the ones studied. The interviewees also recognized this challenge in deploying the
mentioned business models.
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Figure 5. Feasibility of the proposed business models (Likert scale; 0 = cannot say; 1 = not feasible;
2 = low feasibility; 3 = moderate feasibility; 4 = high feasibility; 5 = very high feasibility).

4.2. Findings from Transportation Companies of South Finland through A Second Survey

As established during the previous study, environmental sustainability emerged as the driving
factor for business model renewal as well as research and development in the manufacturing and
transportation industries of Southeast Finland. The described legislation and regulation changes
concerning emissions are currently gradually coming into effect, and their impact on energy intensive
industries such as transportation are yet to be observed. Therefore, the succeeding study is scoped to
emphasize environmental sustainability and transportation companies. A survey on road transports
and the usage of highway E18 in Finland, targeting transportation, logistics and forwarding companies,
was conducted in the autumn of 2019. The results of this survey interconnect with the topic and results
of the previous survey, although it is focused on the road transportation mode. Based on this survey,
the barriers of internationalization still exist and are perceived as strong for Finnish transportation
companies considering Russia as a target market. A summary of the topics that emerged from the
free-form comments about road freight traffic between these countries by the survey respondents can
be found in Table 2.

Table 2. Topics that emerged from the free-form comments on the road freight traffic between Finland
and Russia by the surveyed companies.

International road transport has lower volumes of cargo
than before.

The renewed highway E18 on the Finnish side is a safe
and working road.

The border formalities have become stricter and therefore
take more time, which disrupts the traffic flows.

Transport business between Finland and Russia is
volatile, thus not very appealing for Finnish companies.

Road use taxation sets challenges for
international operations.

Demand for services targeted to the professional users of
road E18.

The Russian side of E18 (Scandinavia road) only has one
lane near the border; 2–3 lanes would allow for a
smoother flow of road traffic and enhance safety.

Russian companies handle most of the international road
transports between Finland and Russia.

The operators based in Finland see the Russian market as uncertain and volatile, i.e., the perceived
risks are higher than the perceived benefits. The same observation was made in the interview phase,
and interviewees from the Russian side share the view of market volatility to a certain degree. One of
the more glaring barriers to international road transportation are the strict border formalities, which
disrupt the fluency of the traffic flows. Reportedly, another factor in the undesirability of international
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road transport activities is the inadequateness of the road infrastructure; onwards from the Finnish
border station Vaalimaa, the E18 European Road has only one lane, which not only undermines the
traffic flow, but also decreases the safety on a busy road. From the Finnish perspective, it must also
be acknowledged that the pricing for transports originating from Russia are lower than those from
Finland. The majority of the road transports originating from (or transiting through) Finland headed
to Russia are undertaken by Russian operators. This shift of emphasis in the responsible companies
from Finnish actors to Russian ones could arguably be one of the factors explaining the relatively
unenthusiastic view on the prospects of international road transports from the Finnish side. This,
connected to the lower import activity of Russia (also concluded from the interviews), could be used to
explain why business opportunities in international road transports between these two countries are
not exceptionally flourishing.

Furthermore, the development of road transportation in Southeast Finland is seen by the
respondents as stagnating. As shown in Figures 6 and 7, the road transports between Finland and
Russia through main border crossing points between these countries have been constantly decreasing
from 2010. A main contributor towards this development is the disappearance of transit freight traffic
via road between Finland and Russia [55]. While in recent years the road transport volumes are
nowhere near the amounts of 2010, traffic seems to be returning slowly to Vaalimaa and Nuijamaa
border stations, whereas activity at the Imatra border crossing point continues to decrease in both
directions. As has come up in the interview phase of this research, material flows originating from and
arriving to Russia are increasingly shipped from and to local seaports. Therefore, once-active transit
traffic through Finland (ships arriving to Finland and the goods being transported to Russia via road)
can be seen decreasing drastically.
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As can be seen in Figure 8, road transport practitioners’ perceived feasibility of alternative fuels
remains on the low end—similarly to the situation in the earlier survey. While it could be spotted
that some companies are actively getting ready to implement a higher biocomponent share in diesel
and even LNG in their road transport activities, most of the companies are hesitant to adapt these
alternative fuels. Moreover, it seems that electric vehicles are not seen as relevant for transportation
activities, i.e., companies do not see electric heavy-duty vehicles penetrating the market just yet.
It is a peculiar situation, since alternative fuels require upgraded infrastructure to offer operation
range for vehicles running on such fuels, such as service stations with natural gas pumps or electric
vehicle charging spots, but on the other hand road traffic support service providers do not experience
enough demand to invest in these upgrades. However, it should be noted that when addressing
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total carbon dioxide emissions originating from transportation, thorough consideration of the large
picture regarding environmental sustainability is required. For example, large-scale investments in
the electric vehicle fleet could in fact increase total emissions from transportation, since a majority of
electricity is still produced with fossil fuels [6]. This challenge acts as a proof for the complexity of
sustainability challenges.Sustainability 2020, 12, x FOR PEER REVIEW 12 of 18 
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The existence of internal warehousing activities seems to drive the importance of road transports
and related infrastructure for a company. A share of 36% respondents from the surveyed companies
had internal warehousing activities, and the locations of these warehouses were mostly on the eastern
sections of highway E18 (78% of warehouses were either in Kotka, Vantaa or Kouvola). Respondents
from this region indicated that highway E18 is important for their operations, more so than those from
the western regions (82.4% of companies with warehouses in the eastern parts signaled the importance
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of E18, whereas the share was 40% for those with warehouses more to the west). This correlation could
arise from the fact that most of the warehouses are only accessible by road. Only a certain number
of companies overall benefit from the strategic positioning of warehouses, where different transport
modes can be used efficiently, i.e., warehouses that are in the vicinity to railway tracks or marine ports.
As emphasis on environmental sustainability is growing in transportation, environmental logistics
service providers can capitalize on this apparent need of multimodal transport chains. Based on the
premise and results of this research, sustainability, especially in terms of the environment, could emerge
as an important factor in service provider tendering. Moreover, companies that are future-oriented
could capitalize on this need with a state-of-the-art vehicle fleet, i.e., vehicles running on alternative
fuels and high capacity transports. High capacity transports in this context refer to road trains, which
are heavier and longer in comparison to conventional ones. In Finland these high capacity transports
mean road trains that range from 76 to 100 tons in total weight, which have special permissions to
operate on certain roads in the Finnish road network.

5. Discussion

One of the most influential legislation changes affecting the studied region is the liberation of
competition on railway freight traffic, allowing new entrants to the market. The introduction of new
entrants to railways could create demand for new road transport services to support the railway
operations in the pre- and post-haulage phases of the transport. In addition, maritime traffic faces
tightening global and local (Baltic Sea Emission Control Area) emission regulations, which chip away
at this mode’s competitiveness against other modes [9–12]. This development creates a need for road
transport service providers, but in order to enable prolonged success these actors must meet adequate
degree of environmental sustainability [20] to comply with the regulations of the examined region [7,8].
Furthermore, if more actors keep entering the market, a demand for managing the increasingly complex
logistics network could arise. As discussed earlier in this article, state-of-the-art solutions exist to
satisfy the described need for connecting a multitude of separate actors. However, the presented
models seem to require extended trust between the involved actors, which seems to be a considerable
barrier for their diffusion.

The international road freight traffic between Finland and Russia has been declining consistently
during the last decade. While there are various policy and national strategy-level reasons (e.g., those
leading to diminished transit traffic [55]), one reason is the increasing popularity of the railway
connection between these countries. Wood, pulp and metal industry products are transported utilizing
the railway infrastructure of the Eurasian Landbridge [56]. The railway mode also has the potential
for increasing volumes for food (especially meat) transports from Northern Europe to China through
Finland and CIS countries. Increased utilization of this route has also spawned businesses in Finland,
who specialize in railway freight traffic between Finland and Russia.

The rapidly changing business environment implies the need for equally rapid business model
renewal with corresponding managerial decision-making—a challenge for companies who wish
to remain competitive [33–40]. Cued by the changing business environment and refined by the
business model theory evolution, three general-level business models (innovative subcontracting-based,
platform-based and blockchain-based) were proposed and their feasibility was graded by manufacturing
and transportation companies of Southeast Finland. The models are designed to exploit the changes in
the studied business environment as well as relevant emerging innovations (to acquire competitive
advantage [37,39]) as indicated by the interviewees. The trust between the involved actors remains an
inherent requirement with varying intensity for these models, which is also seen as a factor for success
of supply chains [25,27]. While the interviewed experts voiced the need for efficient shipment tracking,
the new technologies and business models enabling that need were not seen as feasible by the surveyed
companies, possibly due to a lack of trust between actors in the examined region. The main emphasis
of the studied companies’ innovation activity lies in promoting their environmental sustainability.
As proposed by Jasmi and Fernando [19], the studied companies’ informed focus on environmental
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sustainability is due to the stakeholder demands and tightening legislation and regulation towards
emissions. Once again, the companies’ business model should accompany this vision in order to create
benefit from it [40]. However, the practice in the studied region seems to differentiate from the business
model and innovation theory.

6. Conclusions

The changing regulations and environment regarding international business between Finland
and Russia are moving the manufacturing and logistics industries towards a freer market with lower
barriers for new entrants. At the same time, the requirements concerning the environmental impact
of these business activities are becoming stricter. This development drives incumbent companies
to re-design their respective business models, and acts as a cue for new actors to enter the market.
In addition, the presented changes open avenues for achieving a competitive advantage with adapting
the new set of rules over those who do not. Business models that are designed to capture value from
growing number of actors in the market and environmentally sustainable business are likely to prosper
amid the discussed changes.

New technology and innovation regarding information and communication technology (e.g.,
blockchain) enable more precise tracking of shipments [31,32] and more efficient communication
between actors in a supply chain. If the required degree of trust can be established between the
actors, these innovations can reinforce collaboration between them. Moreover, enhanced tracking of
shipments and their origin enables the verification of sustainably sourced goods. Some of the studied
companies seem to be ready for this kind of commitment, but a majority remains skeptic. Alternative
fuels (e.g., LNG and electricity) for transportation could significantly lower the environmental impact
of logistics operations. Furthermore, environmental sustainability can be improved via innovative
business practices (e.g., circular economy). Means to reduce the negative impact to the environment
were seen as more relevant among the studied companies.

The presented case of international transportation between Southeast Finland and Northwest
Russia could be used as a reference point for studies concerning other countries that rely on railway
transportation in import and export activities. Furthermore, the insights on the railway connection
through the Eurasian Landbridge between the Far East and Northern Europe could benefit other
regions, such as Central Europe. Especially when companies are looking to ease the environmental
impact of their supply chain activities, the railway transport mode could offer means to reduce
produced emissions. The studied technologies and innovations should also be considered in other
regions. While the reception for the studied digital technologies was not overwhelmingly enthusiastic
in the studied region, the case might be different in the context of other regions. The technologies and
innovations focusing on reducing negative environmental impacts should be considered by companies
looking to achieve a competitive advantage through environmentally sustainable business practices.

While this research is limited to a specific region, it is also limited by the general scope of
manufacturing and logistics industries in that region. It would be recommendable to study business
model and innovation theory closer to the practice in the future, e.g., through piloting in experimental
environments with companies. Furthermore, it is important to study those theories in the context
of high physical asset intensive (and low intellectual capital intensive) industries. Pieroni et al. [40]
also call for more experimentation and learning from practice, and Poponi et al. [41] call for more
generalizable models in environmentally sustainable business model design and innovation. The new
situation, where bigger countries aim to produce more locally and import less, should deserve further
research from the angle of international logistics companies. Lower demand for logistics services is
not the only implication; services are also experiencing higher competition, and structures as well as
transportation modes do seem to be changing.
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Abstract

Emphasis on sustainability practices is growing globally in the shipping industry due
to regulations on emissions from transportation as well as increasing customer
demand for sustainability. This research aims to shed light on the environmental
sustainability of companies involved in maritime logistics at the major Finnish
seaport, HaminaKotka. This seaport is a part of International Maritime Organization’s
(IMO) Baltic and North Sea emission control area, with special emission-reducing
measures contributing directly to United Nations’ Sustainable Development Goals
(SDGs) by mitigating negative impacts of industrial activity on environment and
climate change. Two semi-structured interviews with companies at HaminaKotka
were carried out to construct a case study examining the sustainability challenges at
hand. In addition, experience of one of the authors in a managerial position at the
studied seaport complex, as well as the sustainability communications of the
companies situated in the area were used to support the findings. The companies
improve environmental sustainability by using multimodal transport chains,
alternative fuels in the transports, and environmental sustainability demands towards
their partners. However, the most important measures, according to these
companies, are transport mode selection and cargo load optimization. Moreover,
companies have identified bottlenecks of cargo flow at the hinterland due to road
infrastructure constraints. As regulations and customers are requiring environmental
sustainability, companies are forced to renew their operations, strategy and business
models. Especially, the emission-reducing regulations drive companies to implement
means to control the produced emissions.

Keywords: Sustainability, Supply chain, Shipping, Hinterland, Finland

Introduction
In Europe, direct goals to reduce greenhouse gas (GHG) emissions from transports

(which amount to approximately quarter of all produced carbon dioxide emissions,

Solaymani 2019) have been introduced. More precisely, carbon dioxide emission levels

should be 60% lower by 2050 in comparison to the levels of 1990 (European Commis-

sion 2016). Moreover, harmful air pollutant emissions reduction goals from European

transports beyond 2020 (compared to levels of 2005) include sulphur by 59%, nitrogen

oxides by 42%, ammonia by 6%, volatile organic compounds by 28% and atmospheric

particulate matter with diameter less than 2.5 μm by 22%. Additionally, sulphur and
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nitrogen emissions have been targeted for reduction specifically in maritime transports

globally. The acceptable level for sulphur content in used fuels, particularly in Baltic Sea

region, has been 0.1% since 2015 (Hilmola 2019) and globally that is 0.5%, as of January

2020 (International Maritime Organization [IMO] 2019). The new regulation regarding

nitrogen oxide emissions in the Baltic Sea region (80% reduction compared to 2016),

coming into effect in January 2021 (International Maritime Organization [IMO] 2019),

basically requires the new ships used in the said area to use either Liquefied Natural Gas

(LNG) as fuel or have catalytic emission cleaners to comply with the stricter nitrogen

emission regulation (Ministry of Transport and Communications 2016).

United Nations’ (UN) Sustainable Development Goals (SDGs), or the 2030 Agenda

for Sustainable Development, is a programme devoted for global collaboration to en-

hance prosperity and sustainability of the planet earth and its habitants, adopted by the

UN member states in 2015 (United Nations 2019). Although the SDGs primarily target

state level decision makers, the responsibility over specific tasks and objectives leading

to realization of these goals falls on the shoulders of smaller actors, in the context of

this research to seaport and logistics operators. It is the role of decision makers to set

general directions for the organizations (e.g., the mentioned air pollutant, greenhouse

gas and maritime emissions), whereas organizations must produce value (be it monet-

ary, or other desired outcome) within the set guidelines. Moreover, seaport complexes

are often owned by a local government, industrial corporations or some kind of consor-

tium, therefore striving to serve a public interest.

It is important to directly and indirectly promote the noble end goal of all SDGs to

avoid negative effects of “cherry picking”, where the immediate benefits (e.g., image)

are prioritized and the purpose of the SDGs is forgotten (Wang et al. 2020). However,

organizations can actively only focus on the most relevant ones, i.e., those to which

they can directly contribute within the realm of their capabilities, depending on their

industry, surroundings and specialization (Kronfeld-Goharani 2018). Thus, the most

relevant SDGs for HaminaKotka seaport complex (located in Finland) and the compan-

ies operating in the area are presented in Table 1 (synthesized from the studied com-

panies’ sustainability communication as well as research by Kronfeld-Goharani (2018)

and Wang et al. (2020)). Both mentioned researches also study sustainability communi-

cations of companies operating in maritime industry. In their study, Wang et al. (2020)

show that maritime companies focus mainly on SDGs #8, #9 and #11 in their commu-

nications, but also others (e.g., #12, #13, #14, #16 and #17) are regarded albeit to a

much lesser degree. On the other hand, the study by Kronfeld-Goharani (2018) indi-

cates that ocean industry focuses on SDGs #1, #3, #4, #7, #8, #9, #12, #13, #14 and #16.

The difference of those results can be explained by the varying scope of the studies, lat-

ter one being wider. Ultimately, the most relevant SDGs for this research must be de-

cided depending on the specifics of the studied seaport complex, associated companies

and the surrounding region. Therefore, the sustainability reports of the studied com-

panies hold most importance in the selection of the SDGs relevant for this study. It

should be noted, that while companies’ sustainability communications sometimes could

misalign with their actual operations, they can be used to investigate the strategic tra-

jectory and ambitions of those companies.

While it is important to develop comprehensive guidelines of sustainable develop-

ment for people and organizations to use as a reference, it is next to impossible to truly
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know what is in the best interest for the coming generations on earth (Jaccard 2006).

Hence the generality and relatively ambiguous nature of the UN’s SDGs. The most urgent

areas of improvement, within the context of realizing the SDG agenda, for the companies

operating in the field of maritime logistics in South-East Finland remain in environmental

sustainability. Consequently, that seems to be one of the foci of the decision making tar-

geting the studied region. Hence, this research aims to answer the following questions:

RQ1. How do the SDGs transform activities of maritime logistics companies in South-

East Finland?

RQ2. How do the environmental regulations on maritime transport affect these

companies?

RQ3. What measures have the studied companies implemented to comply with the

regulations and to contribute to the SDGs?

The rest of the article is structured as follows: The relevant literature on sustainability

communications and environmental sustainability in multimodal supply chains are

reviewed in the Literature review section. Then, in Methodology section, the method-

ology is presented, which is followed by the showcasing of results from the case study

in Results section. Thereafter, the results are discussed in comparison to previous stud-

ies, and recommendations for enhancing environmental sustainability in the Hamina-

Kotka seaport complex are drawn in Discussion section. Lastly, the conclusions are

presented in Conclusions section.

Table 1 Most relevant SDGs for HaminaKotka seaport in terms of mitigating negative
environmental impact

Sustainable
Development
Goal

Explanation of the goal Contribution to the goal

8. Decent work
and economic
growth

Promote sustained, inclusive and
sustainable economic growth, full and
productive employment and decent work
for all

Durable and efficient supply chains act as a
backbone of an economy. The seaport
complex and the partner companies employ
considerable share of people in the region.

9. Industry,
innovation and
infrastructure

Build resilient infrastructure, promote
inclusive and sustainable industrialization
and foster innovation.

Infrastructure is developed to be as efficient
as possible and viable innovations are
utilized to support this goal.

12. Responsible
consumption and
production

Ensure sustainable consumption and
production patterns.

Transportation is a focal part of any
product’s life cycle, and thus this part should
be sustainable.

13. Climate action Take urgent action to combat climate
change and its impacts.

Lower GHG emissions from transportation
mitigate the negative impact on climate
change.

14. Life below
water

Conserve and sustainably use the oceans,
seas and marine resources for sustainable
development.

Lower emissions from maritime transports
mitigate the negative impact on life below
water.

15. Life on land Protect, restore and promote sustainable
use of terrestrial ecosystems, sustainably
manage forests, combat desertification, and
halt and reverse land degradation and halt
biodiversity loss.

Lower emissions from hinterland transports
mitigate the negative impact on life on land.

17. Partnership for
the goals

Strengthen the means of implementation
and revitalize the global partnership for
sustainable development.

Establish collaborative effort towards the
sustainability including the companies
operating in the seaport complex.

Source: United Nations 2019
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Literature review
Orientating company’s operation towards achieving SDGs represents an avenue for

marketing that company’s sustainability. As established, environmental sustainability is

a relevant area of focus for maritime companies looking to contribute towards SDGs.

Therefore, communications related to SDGs by companies involved in maritime supply

chain activities could be called green marketing. Papadas et al. (2017) divide green mar-

keting to strategic, tactical and internal levels. A company wishing to engage in green

marketing should initiate and maintain activities on all the three levels in order to avoid

simply green washing their operations (Papadas et al. 2017). Similarly regarding green

marketing of seaports, Lam and Li (2019) state that the marketing strategy should fol-

low the overall strategy of the seaport. While a single company’s performance can

benefit from green marketing (Papadas et al. 2017), communicating the efforts towards

achieving SDGs can improve the image of the whole shipping industry in terms of sus-

tainability (Wang et al. 2020). In this regard, larger actors of the industry hold an im-

portant role in communicating fulfilment of SDG agenda, since they have more

capacity and capabilities to engage in such marketing in comparison to smaller actors

of the same industry (Kronfeld-Goharani 2018).

In order to market the sustainability of the shipping industry, some substantial action

towards sustainability is of course required. Intermodal terminals and hinterland opera-

tions play an important role in enabling cargo to flow efficiently through seaports (Henttu

and Hilmola 2011; Othman et al. 2016). When multiple options for transport modes are

at disposal, the involved supply chains are more durable due to flexibility of the transport

chains (Christodoulou and Kappelin 2020). While multimodal transport chains can en-

hance environmental sustainability of the overall transport (e.g., substituting road trans-

port with rail, Bergqvist and Monios 2016, Christodoulou and Kappelin 2020, Henttu and

Hilmola 2011, Kelle et al. 2019), every switch between different transport modes generates

additional cost (Das and Jharkharia 2018; Panova et al. 2017; Wang et al. 2015). Moreover,

heavy reliance on road transports during hinterland operations may lead to congestion

(often due to inadequate spatial planning around dry ports, Wagener 2017), which in turn

lowers efficiency of the seaport via throughput time increases, and furthermore causes

more emissions (due to standby engine running) and congestion on the roads used for

these operations (Christodoulou and Kappelin 2020; Thorisson et al. 2019).

To enhance sustainability, whether looking at a singular company perspective or as a

larger cluster, interorganizational collaboration is often vital to realize that goal effect-

ively (Bergqvist and Monios 2016; Centobelli et al. 2017; Evangelista and Durst 2015;

Liimatainen et al. 2012). Success of the multimodal transport chain relies on simplified,

standardized processes and the quality of communication (Dua and Sinha 2019), i.e.,

collaboration, between separate actors in multimodal chains to yield efficiency and

higher level of service provided (Christodoulou and Kappelin 2020; Veenstra and

Zuidwijk 2016). Othman et al. (2016) go as far as to describe the required level of col-

laboration for fluent cargo flow between hinterland and seaports as symbiotic. In some

instances, the needed infrastructure for multimodal collaboration is lacking, due to the

absence of the topic in planning of the logistics areas (Wagener 2017).

The described regulations on emissions act as an external factor driving the affected

companies to optimize their multimodal transport chains towards higher environmen-

tal sustainability (Wang and Sun 2019). Technological advances in transportation act a
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pivotal role in shipping companies’ efforts to enhance environmental sustainability

(Stalmokaité and Yliskylä-Peuralahti 2019). While ordinary road freight in Finland is

not yet suitable to be widely electrified, due to the long average distances for cargo and

short operational range of electric vehicles (Liimatainen et al. 2019), the contemporary

range of autonomy would fit well into pre and post haulage operations on roads sup-

porting other modes of transport (Wagener 2017). At the same time, LNG fuelled

trucks could be feasible in road transportation (Osorio-Tejada et al. 2017) and reduce

the amount of emitted harmful air pollutants during operation (Zhiyi and Xunmin

2019). Additionally, High Capacity Transports (HCT) could also help to reduce the

stress on environment and to the hinterland infrastructure (in form of easing up con-

gestions, due to reduced amount of tractor units needed for the same amount of cargo;

Bergqvist and Monios 2016).

Methodology
HaminaKotka seaport complex was chosen as the target for this case study (Eisenhardt

and Graebner 2007; Ghauri and Grønhaug 2010), because it represents a major actor in

the Finnish economy. It handles a significant share of total Finnish imports and exports

(Fig. 1). Formerly Hamina and Kotka were separately operating seaports, but they

merged into a larger seaport complex in 2011. HaminaKotka is only behind Sköldvik

seaport, which specializes in oil transportation (both raw materials and finished prod-

ucts are transported mostly by sea), and head-to-head with Helsinki seaport in the cap-

ital area of Finland. HaminaKotka mainly serves the wood and paper industry of

Finland, but other categories of cargo are also handled, such as metals and minerals. In

addition, HaminaKotka is the largest seaport of Finland in terms of transit traffic vol-

umes, not far ahead of Kokkola, another large transit seaport in this country. Further-

more, HaminaKotka engages in short sea shipping inside Finland, and also lately has

been involved as the logistical hub for the construction of a gas pipeline at the Baltic

Sea. These cargo flows are not reported in the Finnish national statistics, which only

Fig. 1 Five largest seaports in Finland by annual total throughput 2000–2019 (thousand tons; Statistics
Finland 2020)
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takes exports and imports into account. Hence the actual throughput volumes at Hami-

naKotka are greater (Fig. 2), reaching an all-time high in 2019. The studied seaport

complex is located in South-East Finland in the region of cities Kotka and Hamina, a

bit over 100 km to the east from the Finnish capital area of Helsinki. HaminaKotka is

an intermodal node in maritime supply chains where maritime, rail and road transport

modes connect, allowing flexible solutions for transporting different types of cargo. Es-

pecially the growth of railway traffic in the region during last decade has been in tens

of percent. There are approximately 130 different companies operating in the area of

this seaport complex, consisting of logistics operators, forwarders, terminal operators

and supporting service providers (e.g., fuel terminals).

In order to establish a company level perspective on the environmental sustainability

activities, case study approach was chosen for this research. The case study was con-

structed with a qualitative exploratory approach to recognize ongoing trends and best

practices among the maritime logistics companies of South-East Finland. This was

achieved through number of semi-structured interviews, which targeted the logistics

companies in the HaminaKotka seaport complex. To create a holistic picture of the

multimodal transport chains taking place in this particular region, interviewees were

chosen from companies specializing in shipping, hinterland transports, multimodal lo-

gistics and forwarding. Especially, it was fruitful for the research to establish contact

with an umbrella organization, whose purpose is to do marketing for the member com-

panies (consisting of mainly port managing bodies, terminal operators, logistics opera-

tors and transportation companies) as well as to promote collaboration between those

otherwise separate actors in the common supply chains.

Two focal companies, in terms of the transport operations and their sustainability in

the HaminaKotka seaport complex, have been interviewed: The mentioned umbrella

organization and a maritime logistics operator. The umbrella organization has been the

initiator in promoting adopting sustainable development orientation for its member

companies in the seaport complex. The maritime logistics operator represents a voice

from the practice side, which is important to consider in instances such as focus shift

Fig. 2 Total and transit throughput at HaminaKotka 2000–2019 (thousand tons; Port of HaminaKotka 2020)
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towards sustainability. The interviewee from the umbrella organization is the CEO of

said organization. From the maritime logistics operator, the manager of container oper-

ations was interviewed. Thus, it can be stated with confidence that the interviewees

hold insight on the studied subject matter. Each interview took approximately 45 min,

and followed a semi-structured protocol, where the interviewer had defined an inter-

view protocol, but at the same time let the interviewee conduct the direction of the dis-

cussion to enhance the exploratory nature of the research with possible findings that

were not considered in the interview protocol design. The umbrella organization’s rep-

resentative was interviewed at a site in Mussalo, Kotka, where many of the companies’

headquarters operating in HaminaKotka seaport complex are located. The maritime lo-

gistics operator was interviewed via online call.

In addition to the two interviews, one of the authors of this article shares their ex-

perience regarding the case of sustainability in HaminaKotka seaport complex. They

possess experience from extensive period working in a managerial position in develop-

ment of the seaport complex. The experience from this tenure consists of infrastructure

and traffic management development, for which along with economic and operational

efficiency, environmental sustainability acts an important role.

To support the findings from the interviews and the first hand experiences of one of

the authors of this article, as well as to map the general situation of company activities

following the SDG framework, we gathered secondary data from websites of companies

operating in HaminaKotka (e.g., annual reports). From the approximately 130 compan-

ies active at HaminaKotka, 96 had company websites available. These websites were

systematically studied in order to map the situation of sustainability communication

among the actors in the examined region. The systematic study comprises of firstly in-

vestigating whether the company has published a sustainability report from previous

accounting period, or any other form of sustainability communications. If a report or

other form of communication was found, the content of that communication was ana-

lysed. This analysis focuses on finding inclusion of environmental and social sustain-

ability in the communications, and if the SDGs have been used as a framework for

reporting the sustainability of the studied company’s operations.

Results
Experiences from managerial position in HaminaKotka

The governing body of HaminaKotka seaport complex arranges on-land transportation

in collaboration with the seaport operators with a goal to keep the traffic fluent, thereby

eliminating unnecessary emissions due to congestions leading to idle vehicles and ma-

chinery. Historically, congestions in truck traffic have caused significant amount of

emissions in the area, but the situation has gotten better. In addition, usage of less

emitting fuels has also contributed to diminishing emissions.

Regarding the emissions from ships, a traffic organizing system has been introduced

to HaminaKotka (same system is used in Hamburg and Helsinki seaports). This system

is used to optimize departure times of different ships. While many seaports have intro-

duced shore power for berthing ships, HaminaKotka currently doesn’t have such cap-

abilities. Furthermore, seaports in Finland are obliged to have an operating license,

which contain limits for allowed emissions. Considered emissions are divided into three
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categories: exhaust, emissions to ground and emissions to water. The emission limits

are enforced by mandatory traffic volume reporting, which is used to produce calcu-

lated emission amounts for the seaport. In some cases, the noise pollution is also mea-

sured and reported.

In addition to traffic emissions, the infrastructure related emissions are measured in

HaminaKotka. Energy consumption is monitored, and lighting optimization has yielded

reductions in that area. Also, produced waste is measured and reported. These are as

well included in the mandatory reporting for the operating license. The operating li-

cense as a framework for environmental sustainability in the seaport complex could be

considered one of the leading ones globally in terms of its comprehensiveness.

New infrastructure investments require an assessment on environmental impact,

which consists of comparison of different solutions from which the most suitable one is

chosen. Often the most technically and environmentally fitting option is also the most

economic one. In addition, newly build water infrastructure requires a special construc-

tion permit. Likewise, infrastructure construction projects are also subjected to similar

emissions measurement and reporting obligations as the seaport transport operations.

HaminaKotka seaport complex employs a quality system, which comprises detailed

instructions related to quality and environmental matters. Based on this system, differ-

ent codes of conduct have been designed for different operators, concerning environ-

mental and safety issues. Many operators also have their own quality and

environmental systems, some bearing different types of certification.

Interview results

The main topics which emerged during the interviews are presented in Table 2. The

discussions were mainly focusing on the current practices in HaminaKotka, develop-

ment of operations in the past few years, overall sustainability of business in the region

and the interviewees’ vision of the near future for the seaport complex. Due to the geo-

graphical location and history of HaminaKotka, transportation between Finland and

Russia remains as a highly relevant topic, even though this particular section of busi-

ness has gone through massive changes in the past decade. Moreover, while the logis-

tics field continues as a highly cost oriented industry, the interviewed companies

recognized relevance of sustainable development of operations and the unique position

that the region has in this regard to use sustainability aspects of their offerings as a

competitive advantage in global transport chains.

The hinterland infrastructure in the area has gone through extensive development in

the recent years. Both road and railway infrastructure in the area, and that of leading to

the HaminaKotka seaport, has seen substantial investments and development measures.

While the companies situated in HaminaKotka agree in unison that the infrastructure

development projects have been mainly successful, bottlenecks in road transport flows

have been occurring due to the lacking supporting infrastructure. Namely, the intersec-

tions between the European Route E18 (Stretching from Northern Ireland all the way

to St. Petersburg, Russia; in this research the eastern section within Finland, from

Helsinki to the border area, is considered) and smaller roads leading to cities and in-

dustrial areas have reportedly been the weak links in the transport chains. These

smaller roads enable cargo flows from inland industrial locations in South-East Finland
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towards the coastal areas, hence the identified bottlenecks have significant impact on

the overall operational flow of HaminaKotka. In addition to road transport, these

smaller roads are typically used for travelling between the cities (e.g., commuting) in

South-East Finland.

As already established, the international maritime regulations drive shipping compan-

ies to considerably reduce sulphur and nitrogen emissions, which requires them to use

modern shipping technology. While the interviewed companies seem to be aware of

the stricter regulation, very few carriers stated extensive vessel fleet renewal to meet

the minimum requirement. However, the interviewed companies indicated to have

taken substantial measures to tackle emissions and enhance environmental sustainabil-

ity of their operations. These activities include cargo size optimization, transport mode

selection in intermodal transport chains, and HCT on road. HCT, in terms of Finland,

stands for road trains that have gross weight up to 100 tons with maximum length of

34.5 m, and these vehicles are allowed to operate on certain roads, which can support

the weight and length of this type of vehicles. One of the interviewees stated that the

maritime carriers have approximately same level of environmental sustainability in their

operations, and the substantial differences in the transport chains are achieved through

hinterland transport mode selection. While road transport mode remains important

Table 2 Overview of the topics emerged in the interviews

Types of handled cargo Network of organizations

Importance of wood industry. Metal products. Project
transportation.

Logistics operators, forwarders, carriers, exporters,
importers. Road and rail transports are important in
the hinterland operations.

Intermodal operations Highway E18

Transport selection is a focal part of business.
Intermodality is an important factor towards higher
sustainability of transport chains (e.g., companies
selecting larger share of railway transport over road in
the total transport chain).

Important part of road infrastructure. Traffic flows well
on this highway but lagging development of the
roads connecting from inland to this highway (e.g.,
highways number 15 and 26) are creating bottlenecks
in the road freight transportation.

Finland and Russia Current situation

Challenges due to fading transit traffic through Finland
to Russia. Sanctions and counter sanctions between
EU and Russia. Sanctions had less impact on the traffic
in HaminaKotka, but the succeeding collapse in
Russian rouble’s value severely diminished cargo
between these countries. Russia is shifting from using
transit countries to own ports. Future of freight traffic
is uncertain, but potential is recognized to exist.

Fierce competition has driven prices down, and
carriers’ offerings are pretty much on par. Due to
imbalance of imports and exports (much more
exports) in HaminaKotka, large amounts of empty
containers are delivered to the port (up to 40
thousand empty containers monthly). Maritime
regulations are not having a significant impact to
competition, although they are increasing the prices
for all the carriers.

Sustainability Future directions

Transport mode selection between sea, road and rail is
one of the most important factors for environmental
sustainability of transport chains. Alternative fuels (LNG,
electricity) are not widely implemented in road traffic,
but electricity is seen as promising option for the
numerous short (10-100 km) transportations taking
place in HaminaKotka region. High Capacity Transports
(HCT) are increasingly utilized, and through load size
optimization, they contribute to the environmental
sustainability of operations. Sustainability is expected
to be driven by larger actors, who in turn demand
sustainability form their smaller partners. Social
sustainability of the operations is high, since the
Finnish laws and regulations are comprehensive and
strictly monitored in these matters.

Adopt higher degree of digitalization to shift to more
efficient and transparent business practices.
Sustainable development strategies are becoming
more important. Focus more on value-adding activities
in logistics.
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mode in the hinterland, feasibility of railway transports in the region is growing. This is

due to ongoing development of a railway connection from HaminaKotka to Kouvola to

allow higher volumes of cargo to be moved on rail instead of road in the hinterland

section of operations, which would decrease the amount of emissions originating from

road transports. The reduction of emissions by favouring railway mode is possible due

to the mentioned railway section being electrified.

Road transportation in Finland follows EURO engine classification, which sets a max-

imum amount of emissions acceptable depending on the vehicle’s year of manufacture.

This system enables fleet renewal activities to contribute towards environmental sustain-

ability, even if it is not the main concern for the investment. However, alternative fuel

technologies have emerged alongside the conventional solutions to enhance environmen-

tal sustainability while still providing adequate efficiency and economic feasibility. The in-

terviewees seemed to be indifferent towards LNG as a fuel for road transports. Not many

have considered this option, since there is not yet extensive practical proof for this alter-

native fuel’s viability in terms of costs, although the overall emissions seem to be lower

from LNG trucking compared to conventional due to the elimination of nitrogen oxide

emissions (Zhiyi and Xunmin 2019). Usually the road carriers are cost sensitive, and justi-

fication of the investment required for LNG fuelled truck can be difficult. Furthermore,

elimination of nitrogen oxides enhances the well-being of surrounding living beings due

to its characteristic of forming into particulate atmospheric matter dangerous to breathing

(Rao et al. 2012), thus promoting SDG #14. However, electric vehicles were seen as no-

ticeably interesting for maritime logistics companies, due to the required low to medium

range of autonomy for road transport mode as a supporting part of multimodal transport

chains in the studied region. Electric vehicles were seen as especially feasible for the short

distance (less than 100 km) transports taking place in the region of HaminaKotka. Inter-

viewees pointed out that these vehicles could be recharged during their loading and

unloading, thus mitigating operating range constraints typical for contemporary electric

vehicles. Moreover, this alternative would effectively eliminate all emissions during opera-

tions, i.e., remove emissions from the vicinity of roads.

As indicated by the interviewed marketing and collaboration promoting company sit-

uated in HaminaKotka, it is extremely difficult for individual companies to comply with

the tightening regulations on emissions, which indicates that collaboration between

separate actors in supply chains is vital for successfully easing the impact of the opera-

tions on environment. Collaboration in this context stands for exchange of information

on best practices, reporting environmental sustainability metrics of operations, and co-

ordinating operations to eliminate possible overlap or slack. Moreover, marketing is es-

pecially important to enhance the competitivity aspect of environmental sustainability

in logistics, since heightened awareness of customers could influence the logistics ser-

vice provider selection and enable justified premium in price for lower environmental

impact. Both interviewees concluded that larger actors would adopt sustainability mea-

sures first and disseminate them to their smaller partners.

Sustainability communications review

After examining the 96 available websites of companies operating in HaminaKotka, it

was evident that approximately 51.04% companies had regarded sustainability of their

Lähdeaho et al. Journal of Shipping and Trade            (2020) 5:16 Page 10 of 15



operations in some manner (e.g., offering sustainability reports or showcasing sustain-

ability in their value offering). Few of the studied companies had also established envir-

onmental sustainability as a driver for their strategy, communicating it as their primary

competitive advantage. Exactly the same share of the companies (51.04%) had targeted

environmental sustainability in their communication, whereas only 34.38% had also

emphasized social sustainability of their business. Moreover, 17.71% of the companies

had directly included SDGs in their sustainability communications, and all these com-

panies were larger enterprises with international operations. Detailed results concerning

the studied companies’ sustainability communications on their websites can be found

in Table 3. In addition to slightly over half of the companies who directly communi-

cated sustainability aspects of their business, numerous companies indirectly communi-

cated practices which ultimately contribute to the SDGs, e.g., efficiency of operations

through route planning, transparent communication, intermodal transport opportun-

ities or recycling of raw materials. Interestingly, only four of the companies (9.52% of

the companies involved in sea transportation) had openly regarded IMO’s tightened

regulations in maritime traffic and listed substantial actions to achieve compliance with

these emission regulations. Mainly, three approaches to the tighter emission regulations

were observed: using cleaner conventional fuels, sulphur emission scrubbers and LNG

fuelled vessels. Furthermore, many of the larger companies operating in HaminaKotka

were demanding certain degree of sustainability from their partners within the respect-

ive supply chain.

Discussion
Infrastructure constraint issues leading to bottlenecks in hinterland operations were

identified by the maritime logistics companies on the main roads leading to Hamina-

Kotka seaport, similarly as described by Thorisson et al. (2019) and Wagener (2017).

This case study reveals some recommendations for overcoming such obstacles. Intro-

duction of feasible new technological advances (e.g., alternative fuels) can increase the

Table 3 Overview of the companies operating in HaminaKotka seaport

Type of
organization

Share from
the
companies
operating in
HaminaKotka

Sustainability
generally
addressed in
communications
(percentage from
respective
organization
type group)

Environmental
Sustainability
addressed in
communications
(percentage from
respective
organization
type group)

Social
sustainability
addressed in
communications
(percentage
from respective
organization
type group)

SDGs as a part
of the
sustainability
communications
(percentage
from respective
organization
type group)

Sea
transports

43.75% 57.14% 57.14% 33.33% 23.81%

Road
transports

27.08% 42.31% 42.31% 23.08% 11.54%

Railway
transports

26.04% 44% 44% 20% 12%

Air transports 16.67% 43.75% 43.75% 25% 12.5%

Warehousing 20.83% 35% 35% 5% 0%

Other 40.63% 51.28% 51.28% 46.15% 17.95%

Total 100% 51.04% 51.04% 34.38% 17.71%

Some companies are involved in multiple different types of transportation and activities, which results in the second
column to add up higher than 100%
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environmental sustainability of the transportation in the area of the seaport complex

(Stalmokaité and Yliskylä-Peuralahti 2019). HCT could answer to these infrastructure

constraints by reducing the number of separate vehicles needed on the road for the

same amount of cargo (Bergqvist and Monios 2016). Recent focus on development of the

railway infrastructure at the seaport could ease the constraint currently stressing the road

infrastructure in the area. Furthermore, a wider catalogue of transport mode options can

enhance the environmental sustainability of the seaport complex due to decreasing the

emissions originating from the road transport traffic at HaminaKotka (Bergqvist and Mon-

ios 2016; Christodoulou and Kappelin 2020; Henttu and Hilmola 2011; Kelle et al. 2019).

Collaboration between the organizations within HaminaKotka, as well as their part-

ners outside, towards enhanced sustainability of business was highlighted in the inter-

views and to some degree in the sustainability communication of the studied

companies. As mentioned by Wang et al. (2020), some of the studied companies even

went beyond their own specific field in the pursuit for sustainability, i.e., contributing

to SDGs which are not in direct relation with their core business. In addition, it was

evident from the sustainability communication of the studied companies that some of

them are directly or indirectly contributing to SDGs, but they are not explicitly com-

municating it. Such marketing can be expected benefiting the overall performance of

the seaport complex (Papadas et al. 2017).

While the green initiatives of the studied seaport complex can substantially reduce

the stress of the operations on the surrounding environment, prestigious green port

status would most probably increase the freight flows through this port (due to pres-

sure from regulations as well as demand by customers and partners in the supply

chains, effectively favouring ports with a green status), thus making the operations

management more difficult. In order to benefit from the green port status, it is neces-

sary to brace for possible further challenges to mitigate the risk of reducing the green

port marketing strategy to “green washing” (Lam and Li, 2019) or the engagement to

SDGs to “rainbow washing” (Wang et al. 2020). This type of publicity would hurt the

image of the seaport and probably cause a decline in the freight flows directed to that

seaport.

Conclusions
The regulations concerning emissions are driving companies in transportation industry

to adopt environmental sustainability in their daily business operations. For many com-

panies, this could prove to be a challenge, since significant reduction of produced emis-

sions requires considerable investments to vehicle technology and operations

management solutions. Especially in maritime logistics, the sulphur and nitrogen emis-

sion regulations drive the vessel fleet operating at Baltic sea to be renewed (Inter-

national Maritime Organization [IMO] 2019; Ministry of Transport and

Communications 2016). Moreover, as the hinterland operations of HaminaKotka sea-

port depend greatly on road transport, ongoing emission reduction plans targeting road

traffic are forcing the affected companies to rethink their multimodal transport chains

with new technologies (e.g., engines using alternative fuels) and practices (e.g., favour-

ing railway in transport mode selection).

The port managing body and the companies operating in the seaport complex seem

to have identified benefits of environmentally sustainable image. However, if
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HaminaKotka seaport complex and related companies wish to enjoy the benefits of a

green port status, collaborative effort in environmental sustainability towards this com-

mon goal is required. Since the marketing benefits of green port status come from

companies favouring such ports in their supply chain design, neglecting the environ-

mental impact of operations could completely undermine any competitive advantages

or even diminish the seaport brand (Lam and Li. 2019).

UN’s SDGs offer a comprehensive overarching framework to control the sustainability of

operations in clusters such as HaminaKotka seaport; however, to conduct the operations to-

wards these goals, more specific company and operations level guidelines and agreements

are needed. Firstly, selecting the focal SDGs depending on the business practices and oper-

ating models of the companies forming the cluster is vital. After that, it is possible to pin-

point the feasible methods of enhancing the sustainability. It is important to note, that the

progress towards the target of SDGs should be considered as continuous process of im-

provement. Ultimately, maritime logistics companies should try to implement all the SDGs

to their strategy to ensure the achievement of their target (Wang et al. 2020).

The overall effect of the SDGs and orientation to green port operations can be seen

as positive on all three aspects of sustainability. Through targeting environmental chal-

lenges, logistics companies at the seaport can subsequently enhance the lives of the

workers and inhabitants of the nearby areas, and as the customers of the seaport are

becoming increasingly environmentally aware, the economic sustainability can be se-

cured. Moreover, while the larger multinational companies in the studied region have

integrated SDGs into their strategy, the collaborative nature of the effort needed to

achieve these targets requires contribution of the smaller, local actors. External forces,

such as regulations (Wang and Sun 2019) and sustainability demands within a supply

chain, are helping with the cause, but also intraorganizational forces, such as identifying

sustainability as a competitive advantage, are most probably required to convince com-

panies to adopt higher degree of sustainability in their activities.
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1 Introduction 

Growing concern over air pollution and greenhouse gas (GHG) emissions manifests in 
the form of increasingly strict international (e.g., Paris Agreement; UNFCCC, 2015; 
Santos, 2017), regional (e.g., European Union’s (EU) strategy for low-emission mobility; 
European Commission, 2016a), and national (e.g., Finnish Ministry of Environment’s 
Climate Change Plan to 2030; Finnish Ministry of Environment, 2019) laws and 
regulations. Road transportation business is directed towards greater environmental 
sustainability by both legislative reform and external factors, such as customer demand 
and pressure from business associates (Sureeyatanapas et al., 2018). Targeting road 
transportation with emissions reduction measures can be considered justified, since 
overall transportation accounts for approximately a quarter of all carbon dioxide (CO2) 
emissions, and furthermore, road transport is responsible for approximately 75% of 
emissions in this category (Solaymani, 2019). Moreover, the transport sector is the only 
major business sector in Europe that has seen gradually increasing GHG emissions since 
1990, and while levels have declined slightly since 2007, partly as a result of reduced 
economic activity following the financial crisis of 2007–2008, they remain above the 
baseline emissions of 1990 (European Commission, 2016b). Although GHG emissions 
originating from the transport sector have plateaued in Europe, they are growing 
aggressively in emerging markets due to increasing economic activity, greater disposable 
income, and population growth (US Energy Information Administration, 2019). In 
addition to GHG, the transport sector is responsible for increasing amounts of air 
pollutants (Mofijur et al., 2016) harmful to health (Rao et al., 2012). 

EU has set a GHG emissions reduction target for the transportation sector to 60% 
reduction in CO2 emissions by 2050 in comparison to 1990 values (European 
Commission, 2016a). In 1990, the transport sector in Finland accounted for 
approximately 12.1 million tonnes of carbon dioxide equivalent unit emissions (CO2e; 
carbon dioxide’s global warming potential-based value combining GHGs as one value; 
Statistics Finland, 2017), which sets the Finnish emissions target level at around  
4.84 million tonnes of CO2e. At the same time, the EU has committed to reducing air 
pollutant emissions in all sectors, including the transportation sector, defined by United 
Nations (UN). The strategic aim is to reduce sulphur (SO2) by 59%, nitrogen oxides 
(NOx) by 42%, ammonia (NH3) by 6%, volatile organic compounds (VOC) by 28% and 
atmospheric particulate matter of diameter less than 2.5 micrometres (PM2.5) by 22% 
compared to their respective levels in 2005 (United Nations Economic Commission for 
Europe, 2017). These air pollutant targets are for total EU emissions and different targets 
have been set for individual member countries. For Finland, the reduction target levels  
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are 30% for SO2, 35% for NOx, 20% for NH3, 35% for VOC and 30% for PM2.5 from 
2005 levels. In addition, the emission performance standards for new passenger cars and 
light commercial vehicles in EU are under renewal to support further decarbonising of 
transport sector (European Commission, 2017c). Procurement of clean road transport 
vehicles (plug-in hybrid, battery-electric, fuel-cell electric and natural/biomethane gas 
vehicles fall under this definition) is also promoted in EU (European Commission, 
2017b). The ambitious nature of these targets means that radical advances in vehicle 
technology and changes in the fuel market economy are required (Carrara and Longden, 
2017). While regional policies have only minor impact on the global scale, advances in 
technology that they enable can pave the way for a more environmentally sustainable 
transportation system (Tsita and Pilavachi, 2017). In addition, ambitious emissions 
reduction targets are an effective driver for long-term reduction of GHG emissions in 
transportation (Lepitzki and Axsen, 2018). Targets and relevant legislation on GHG and 
air pollutant emissions reduction from transportation have already been enacted, and 
those accompanied with the growing concern of various other stakeholders act as the 
motivation for this study. The objective is to examine the current situation and 
possibilities to move forward towards the EU’s decarbonisation goals. Thus, this article 
aims to address the following research questions: 

RQ1 How have emissions from transportation on the Finnish part of highway E18 
(eastern section, Helsinki to Vaalimaa) developed during the years 2010–2019? 

RQ2 What kind of development is needed to meet Finnish and EU emissions 
reduction targets for 2050? 

Eastern section of the Finnish part of highway E18 is chosen for study, since it offers a 
mix of private motoring (multiple cities along this highway) and freight traffic (numerous 
seaports and the main border crossing for international road freight are situated in this 
area), therefore providing a case that can be generalised to represent overall situation in 
Finland. To study the development of emissions originating from transportation in the 
chosen research area, data on vehicle movement in this specific region is used, 
accompanied with the data on Finnish vehicle fleet characteristics (i.e., division of engine 
EURO classification and used fuels). The used methodology can be seen as appropriate, 
since it is following European Environment Agency’s (EEA) guidance to prepare 
national emission inventories (European Environment Agency, 2019), thus providing 
comparable results with other European countries, regions, and sectors. Emission 
inventory lists different GHGs and air pollutants discharged in a specified area during a 
defined time period (United States Environmental Protection Agency, 2020). This study 
provides an overview of transportation emissions during the years 2010–2019 and 
scenarios on how to reach the EU’s emissions reduction target of 2050. The policy 
implications drawn from the results are relevant since they are based on longitudinal 
measurement of actual traffic volumes. To our best knowledge, similar studies have not 
been carried out in Northern European countries. As the EU’s decarbonisation goals 
require common effort with member states each having varying contribution, it is 
necessary to examine different regions separately. Therefore, this study is limited to 
accurately describe situation in areas with similar structure and conditions for 
transportation system. 
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The remainder of this article is structured as follows, Section 2 reviews relevant 
literature on transportation emissions monitoring, emissions mitigation strategies and 
technological solutions for promoting decarbonisation of transportation. The study area 
and methodology are introduced in Section 3 and the results are presented in Section 4. 
The results are reviewed in the light of current policies in Section 5, based on which 
future scenarios are contemplated. Lastly, the conclusions are drawn in Section 6. 

2 Literature review 

In addition to governmental and corporate action, growing societal concern about the 
environmental sustainability of prevailing transportation modes has stimulated research 
on emissions from mobile sources. Different approaches for measuring real traffic 
emissions have been investigated, such as a portable emissions measurement system 
(Mahesh et al., 2018), mobile laboratory (Woo et al., 2016) and remote sensing of 
emissions (Chen and Borken-Kleefeld, 2014). In addition, Mitchell et al. (2018) 
showcase a method for urban area emissions monitoring via measurement devices on 
public transit light-rail vehicles. Emission inventories for a specific site, e.g., highway, 
can also be estimated with calculation models (Lozhkina and Lozhkin, 2015). Alzaman’s 
(2016) research simulates urban road freight traffic emissions with a specific focus on 
idle times in supply chains. 

A further area of interest, in addition to emissions measurement, has been evaluation 
of emissions reduction policy. Decarbonisation of transportation seems to face a “chicken 
and egg” type challenge, where current development trajectories cannot enable adequate 
emission reductions (Carrara and Longden, 2017), but radical reduction policies are 
needed to drive the required changes to status quo (Lepitzki and Axsen, 2018), which 
spring from the level of national policymaking (Tsita and Pilavachi, 2017). As population 
and GDP growth increase, growing the need for transportation (Carrara and Longden, 
2017; Fragkos et al., 2017), reductions in travel and transport volume are not feasible 
solutions for reducing the carbon intensity of transportation. Especially freight transport 
poses a dilemma, since it is necessary for regional competitiveness, while at the same 
time undermining regional environmental sustainability (Lindholm and Behrends, 2012). 
Due to the importance of individual mobility and movement of goods, road transportation 
could be characterised as a source for difficult-to-eliminate emissions (Davis et al., 
2018). Advances in vehicle technology, adoption of alternative fuels, a shift to transport 
modes with lower emissions, as well as optimisation of cargo load size and passenger 
number per vehicle emerge as relevant measures for transportation decarbonisation 
(Barisa and Rosa, 2018a, 2018b; Jaegler and Gondran, 2014). In their model, Song et al. 
(2017) find that high carbon tax promotes transportation companies to increase their 
capacity with technology that decrease carbon emissions. 

Electric vehicles have emerged as preferred solution in reducing transport emissions 
in Europe (Anthony et al., 2020; European Commission, 2017a). Their use has been 
incentivised with financial and other benefits (Ajanovic and Haas, 2016). If 
complemented with adequate infrastructure and an appropriate energy mix, electric 
vehicles can mitigate transport emissions (Anthony et al., 2020; Fragkos et al., 2017; Sen 
et al., 2017; Zhou et al., 2017; Tanco et al., 2019). In addition, electric vehicles connected 
to the electric grid can be used to balance the fluctuations in supply and demand through 
charging and discharging (Höhne and Tiberius, 2020; Song et al., 2019). However, 
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despite zero tailpipe emissions of electric vehicles, life cycle emissions can be higher if 
their electricity comes from carbon intense sources (Zhao et al., 2016; Schulte and Ny, 
2018). Furthermore, it remains uncertain whether electric vehicles have higher (Zhou  
et al., 2017) or lower (Sen et al., 2017) lifetime costs in comparison to conventional 
vehicles. Electric vehicles could compensate the higher initial investment with lower 
operating costs (Hagman et al., 2016). However, existing infrastructure and local energy 
market characteristics play an important role in life cycle costs (Tanco et al., 2019). In 
addition, recycling of the batteries in electric vehicles can reduce their required initial 
investments and generated life cycle emissions (Govindan et al., 2010). 

In the context of Finland, where heavy-duty trucks (typically 60–76 tonnes gross 
weight, but also special high capacity transports (HCTs) up to 100 tonnes) are widely 
utilised, current state-of-the-art batteries are not powerful enough for efficient operations 
(Liimatainen et al., 2019). A further challenge for electric vehicles is their operational 
range (Davis et al., 2018; Margaritis et al., 2016). Plötz et al. (2019) investigate trucks 
with overhead lines connecting them to the electricity grid to reduce emissions from 
transportation and overcome the constraints of battery capacity. Electricity storage 
limitations could also be addressed by electric road systems charging the vehicles while 
driving (Schulte and Ny, 2018). 

Liquefied Natural Gas (LNG) as a fuel in road transportation could also reduce 
emissions (Pfoser et al., 2016; Smajla et al., 2019). However, while offering lower 
emissions while driving, life cycle emissions can be almost on par with conventional 
fuels (Pfoser et al., 2018; Zhiyi and Xunmin, 2019). Although LNG does not eliminate 
tailpipe emissions, it offers greater autonomy than current electricity-based solutions 
(Osorio-Tejada et al., 2017). In addition to electricity and natural gases, hydrogen fuel 
cells have also been considered as an alternative fuel for road transportation (Liu et al., 
2018; El Hannach et al., 2019). Once again, initial investments arise as a key barrier for 
their adoption over conventional fuels (Liu et al., 2018). Like electric vehicles, hydrogen 
vehicles do not produce GHG or air pollutant emissions while driving (El Hannach et al., 
2019). For all alternative fuels in road freight transportation, the main challenge seems to 
lie in fuel capacity of a vehicle, or in other words, the effective operational range (Raeesi 
and O’Sullivan, 2014). 

Emissions monitoring has shown that concerns about consistently growing emissions 
from transportation are justified and policymakers around the world in turn are actively 
trying to address the issue. At the same time and partly as a response, vehicle technology 
is seeing considerable advances. The three areas – monitoring, policy and technology – 
can create a mutually reinforcing loop, where one aspect feeds another. However, to 
reach the common goal of curbing negative environmental impacts from transportation, 
policymaking, vehicle technology development and emissions monitoring need to be 
coordinated effectively. 

3 Methodology 

This study utilises the open data repository of Finnish Transport Infrastructure Agency 
(FTIA). The data are captured by FTIA’s automatic traffic monitoring system covering 
all the major roads in Finland (Finnish Transport Infrastructure Agency, 2020). Detailed 
information is available in the database, including, in addition to the traffic volumes, 
classification of vehicles by their length (passenger cars and vans, buses, trucks, semi-



   

 

   

   
 

   

   

 

   

    Road traffic emissions and emission reduction targets 311    
 

    
 
 

   

   
 

   

   

 

   

       
 

trailer trucks, full trailer trucks, passenger cars with trailers, and those towing mobile 
homes), direction of traffic, and speed at the moment of measurement. Traffic volumes 
are presented on an hourly basis in the monthly reports for each of the measurement 
stations. 

The geographical area studied is the eastern section of highway E18 in South-East 
Finland starting from Helsinki (the capital of Finland) and ending at the Vaalimaa border 
crossing with Russia (approx. 172 km in length). This area was chosen to enable study of 
international road traffic between Finland and Russia and to observe traffic near sea ports 
and supporting terminals in Helsinki, Helsinki-Vantaa airport, major sites of the Finnish 
forest industry, and one of the largest sea ports by volume in Finland, the Port of 
HaminaKotka. Furthermore, approximately one million people (approx. 18% of the 
Finnish population) live in the area served by the studied highway. This section of E18 
has been subject to major infrastructure development, which was completed in March 
2018. Consequently, consistent and continuous stream of data throughout the study 
period was only available for measurement stations at both ends of the studied section 
and a number of stations along the highway (namely in eastern Helsinki, Loviisa, Kotka, 
Eastern Kotka, border of Kotka and Hamina, western and eastern Hamina, and 
Vaalimaa). While there was sufficient data for each year of the study, the reliable 
measurement stations with data covering the whole year varied annually. The traffic 
measurement infrastructure on this road was upgraded during the study, and the quality of 
the available data improved throughout the period studied. The emissions inventories 
were built on a year-by-year basis, but the consistent data from the measurement stations 
allow reasonable comparison of annual traffic volume development at specific points on 
the highway. 

Total emissions were estimated using emissions factors and fleet characteristics data 
from the repository of LIPASTO calculation system for traffic exhaust emissions and 
energy use in Finland of the Finnish Technical Research Centre VTT (Finnish Technical 
Research Centre, 2020). The fleet characteristics and corresponding EURO engine 
classifications were used by referring to legacy models provided by VTT in 2009, 2012 
and 2015, when vehicle fleet characteristics and emission factors were updated. 
Information on vehicle fleet characteristics and respective EURO classifications is vital 
to emissions inventory calculation, since the differences between different EURO classes 
are substantial and most of the current progress towards lowering the environmental 
impact of traffic has been achieved by updating the national fleet of vehicles to newer 
EURO classification engines. To consider the weight of the cargo in trucks operating on 
highway E18, statistics from Statistics Finland on characteristics of road cargo in Finland 
(Statistics Finland, 2020b), were used to estimate approximate average loads for  
semi-trailer trucks. For ordinary trucks, 50% average capacity use was assumed, and for 
full trailer trucks, the assumption was 70%. Buses were assumed to be operating at half 
capacity on average. Since passenger cars and vans are reported in same group by the 
automatic traffic measurement system (due to their similar length), the share of vans 
(11.26%) on E18 was estimated using data from Statistics Finland on newly registered 
passenger cars and vans in Finland from 2009 to 2019 (Statistics Finland, 2020a). As the 
studied site is a highway with negligible traffic congestion, the vehicles were assumed to 
be operating constantly with a hot engine and moving at an average speed of 100 km/h 
for passenger cars and vans, and 80 km/h for commercial vehicles and buses. 

The emission inventories were calculated using traffic volumes, fleet characteristics 
and emissions factors information and dividing the road into sections defined by the 
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locations of the automatic traffic measurement stations, which are shown in Figure 1. 
Distance between the stations is an important factor for emissions calculation, and the 
distances were measured using the Google Maps service. Information on the direction of 
the traffic flow allowed traffic volume in each section to be isolated, i.e., the traffic 
headed from one measurement station to the next, and vice versa, from the succeeding 
station to the previous one. This calculation was repeated for every section between the 
stations. Every year (2010–2019) was handled separately due to the changing 
measurement stations along highway E18. The mentioned data and assumptions were 
processed, and the results calculated using spreadsheet software. Calculation is done by 
multiplying the traffic volume of different vehicles with corresponding emission factors 
(each vehicle class has different distribution of EURO classified engine types, each has 
unique emission coefficients) and then multiplying that with the length of the respective 
section of studied road. As this is done for all vehicle types and road sections, emissions 
inventories for each year can be compiled. The presented calculation method follows the 
European Environment Agency’s (EEA) guidance to prepare national emission 
inventories (European Environment Agency, 2019). The method is also similar to 
calculation model-based estimations of Lozhkina and Lozhkin (2015). 

Figure 1 Current automatic traffic measurement stations on eastern section of highway E18 in 
Finland (see online version for colours) 

 

Note: Red dot indicates a continuous measurement station throughout the study period, 
and others are marked with a blue dot  

Source: OpenStreetMap Contributors (2020) 

Branching traffic flows from highway E18 are difficult to estimate, but the density of 
measurement stations on the highway ensure relatively accurate results. When a share of 
traffic leaves or enters the road, the change is apparent at the succeeding measurement 
station. Furthermore, since national level fleet characteristics are used in the calculations, 
the emissions factors represent the situation throughout Finland, rather than strictly on 
highway E18. The vehicle fleet operating on this highway might differ from the general 
fleet of Finland. E.g., the share of passenger cars with diesel engines could be higher due 
to the long distances for daily road use in the region, the engine EURO classification 
distribution might differ from national averages, and vehicles near the border might be 
running on fuels without a bio-component purchased from the Russian side of the border. 
Moreover, monitoring of vehicles in real-world use outside of the laboratory has revealed 
that actual emissions can be higher than those found in engine test cycles (Chen and 
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Borken-Kleefeld, 2014; Mahesh et al., 2018). Also, the age of the vehicle fleet is 
considered with development of shares of different EURO classification engines in the 
fleet, but possible wear in older engines is not taken into account. Thus, the results of this 
study should be considered as detailed approximations of the actual situation. 

4 Results 

To evaluate emission inventories and the development of total emissions on  
Highway E18 during 2010–2019, changes in traffic volumes on the highway must be 
examined. Measurement stations that existed and operated continuously throughout the 
study period were used to examine the development of traffic volumes, which is 
presented in Figure 2. The traffic peaked in 2011, after which total traffic volume is 
decreasing annually, reaching its lowest point in 2015. Thereafter, the volume increased 
sharply every year until the end of 2019. Multiple reasons can be ascribed to the drop in 
the mid-2010s. Transit imports through Finland by road to Russia, consisting mainly of 
consumer items, cars and spare parts, have been declining since 2008 (Hilmola and 
Hämäläinen, 2016). Furthermore, there has been a conscious shift in Russia from using 
transit countries for imports to using ports in Russia, partly due to national strategy and 
partly due to improvement in Russian port infrastructure. While transit freight traffic 
through Finland is still significant, the emphasis has changed from Russian imports to 
exports and from road to rail. In addition, the effect of sanctions and countersanctions 
between EU and Russia (after 2014) can be observed, which completely halted food 
product exports from Finland to Russia. Another factor is the slow growth of the Russian 
economy and stagnation in the Finnish economy. Arguably, the new Platon road payment 
system (to which both Russian and foreign trucks are subject) which was implemented in 
Russia in 2015 (Panova et al., 2017) has reduced the competitiveness of long-distance 
trucking, again shifting freight traffic from road to other transport modes. 

Figure 2 Total traffic volume development 2010–2019 based on measurement points operating 
throughout the duration of the study (thousand vehicles) (see online version for colours) 

 



   

 

   

   
 

   

   

 

   

   314 O. Lähdeaho and 0-P. Hilmola    
 

    
 
 

   

   
 

   

   

 

   

       
 

In addition to total traffic volume, it is also important to establish, how traffic volumes 
have developed at specific measurement stations. As can be seen from the comparison 
presented in Figure 3, traffic volumes at these stations have been relatively constant with 
a slight upward trend throughout the study period, with the exception of Kotka, where the 
volumes decreased from 2013 to 2015. Another peculiarity appears in 2014, where the 
traffic volumes at the measurement station East of Kotka rise above those at the outskirts 
of Helsinki. 

Figure 3 Traffic volume development at continuously operating measurement stations (thousand 
vehicles) (see online version for colours) 

 

Figure 4 Vehicle type distribution on E18 (see online version for colours) 

 

In analysing emissions on highway E18 throughout the 2010s, vehicle fleet distribution 
by type must be considered. Different types of vehicle use different engines and typically 
carry different payloads, resulting in different levels of emissions. The distribution 
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between vehicle types is illustrated in Figure 4. The situation on E18 is similar to other 
parts of the world where 75% of total traffic is passenger cars (e.g., Latvia; Barisa and 
Rosa, 2018a). The share of passenger cars has been rising during the studied decade on 
the expense of heavier traffic as almost 80% of the traffic is passenger cars at the end of 
the period. However, having approximately equal division between semi-trailer and full 
trailer trucks is unique for Finland. In Finland, semi-trailers are commonly used in 
international traffic, i.e., imported and exported sea containers, as well as freight traffic 
on the road between Finland and Russia. At the same time, national road freight traffic 
uses mostly full trailer trucks, since they are allowed to operate on most of the main roads 
in Finland and can be used to cut costs when loaded fully. Since 2016, HCTs (gross 
weight up to approximately 100 tons and maximum length of 34.5 m) have been used 
increasingly on roads where they are allowed to operate (Heljanko et al. 2018). For this 
study, HCTs are not considered separately, since they appeared in the latter part of the 
investigation period and account for only a small (yet growing) fraction of freight traffic 
in Finland. 
Table 1 Emissions inventory of highway E18 (Helsinki–Vaalimaa), 2010–2019 (tons) 

Year CO2e (t) CO2 (t) CO (t) HC (t) NOx (t) PM2.5 (t) CH4 (t) N2O (t) SO2 (t) 
2010 188,512.14 187,472.10 655.73 66.11 1,104.06 32.06 3.09 3.23 0.72 
2011 196,314.21 195,092.90 627.13 60.90 1,021.75 27.72 2.82 3.86 0.76 
2012 277,123.46 275,382.82 950.04 89.80 1,369.37 40.69 4.13 5.49 1.08 
2013 238,833.23 237,345.37 787.10 75.37 1,215.40 34.21 3.48 4.70 0.92 
2014 207,255.51 205,961.92 700.73 66.55 1,035.36 30.16 3.06 4.08 0.81 
2015 170,082.28 169,023.87 588.68 55.26 830.70 25.12 2.53 3.34 0.66 
2016 169,089.69 167,879.74 320.14 20.93 615.34 14.71 1.17 3.96 0.66 
2017 174,490.23 173,242.30 330.70 21.59 634.54 15.19 1.21 4.09 0.68 
2018 177,244.20 175,885.21 291.22 16.45 541.34 12.21 0.95 4.51 0.69 
2019 179,114.10 177,745.17 295.08 16.62 546.04 12.35 0.96 4.54 0.70 

Annual emissions inventories in Table 1 were generated using the calculation method 
described in Section 3. The emission categories consist of GHGs, namely CO2, methane 
(CH4) and nitrous oxide (N2O), and CO2e, as well as air pollutants, i.e. carbon monoxide 
(CO), hydrocarbon (HC), nitrogen oxide pollutants (NOx), particulate matter (PM2.5) and 
sulphur dioxide (SO2). The inclusion of these GHGs and air pollutants in the emissions 
inventories is based on the emission factors for traffic available from VTT (Finnish 
Technical Research Centre, 2020). 

Overall GHGs (CO2e) and CO2 emissions can be seen to somewhat follow the trend 
in traffic volume on the E18, as shown in Figure 5. However, the effect of vehicle fleet 
renewal with higher EURO classification engines can be observed mitigating the total 
GHG emissions, mainly after 2012. During the study period, the share of passenger cars 
increased, while freight traffic decreased, further contributing to lower emissions on E18. 
As evident from the relation between the amount of CO2 and CO2e, CO2 is the most 
significant GHG in terms of global warming potential while CH4 and N2O are minor 
factors for overall GHG emissions from traffic. 
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Figure 5 CO2e and CO2 emissions from traffic on highway E18 (tons) (see online version  
for colours) 

 

Figure 6 GHG emissions other than CO2 on highway E18 (tons) (see online version for colours) 

 

The amounts of GHGs other than CO2 (CH4, N2O) are presented in Figure 6. While CH4 
emissions decrease quite significantly despite increasing traffic volumes, N2O emissions 
increase. One possible reason could be the generation of N2O as an unintended  
by-product in catalytic convertors for diesel engines designed to reduce NOx emissions 
(Cho et al. 2017; Mendoza-Villafuerte et al., 2017). Additionally, the use of biodiesel 
could increase NOx emissions from combustion (Mofijur et al., 2016), which in turn 
could increase N2O output as by-product. As it stands, the increase in N2O emissions is 
not having a significant effect on the amount of CO2e, even though it has around 298 
times higher global warming potential than CO2. However, if not controlled properly, 
rising N2O emissions could become a significant obstacle in decreasing total GHG 
emissions produced by traffic. 
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Figure 7 Air pollutant emissions from traffic on highway E18 (tons) (see online version  
for colours) 

 

Total traffic air pollutant emissions on the E18 are decreasing, as illustrated in Figure 7. 
Overall, there is a downward trend in air pollutants, however the increase in traffic 
volumes after 2015 has a restraining effect on their reduction. During the traffic peak in 
2012, substantially higher amounts of air pollutants were emitted than towards the end of 
the decade, even though the absolute traffic volume is higher. This finding can be 
considered evidence for the air pollutant reducing effect of EURO classification and fleet 
renewal to higher classes (i.e., used engines comply with stricter environmental 
standards). Once again, the growing share of passenger cars versus freight traffic is also 
an important factor in the change in overall air pollutant emissions. 

Figure 8 CO2e emission source distribution by vehicle type on highway E18 (see online version 
for colours) 
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Figure 8 illustrates the impact of each vehicle type on road traffic emissions. Despite the 
changing nature of traffic volumes on E18 throughout the 2010s and the decrease in 
freight traffic, semi-trailer and full trailer trucks remain as the source of 30% to 40% of 
total GHGs (CO2e). The CO2e emission source distribution shows that passenger cars and 
heavy freight traffic represent the main originators of GHG emissions (consistently 
accounting for approximately 85% of GHG emissions through 2010–2019). 

Results of this and earlier studies show a significant interplay between traffic volumes 
and total produced emissions. However, vehicle fleet characteristics and composition 
affect the trajectory of produced emissions. While the main points of interest (in terms of 
traffic volumes and emissions) along the studied highway remain in Helsinki, Loviisa 
(arguably also Porvoo), Kotka, Hamina and Vaalimaa, some fluctuation in the relative 
hierarchy in terms of traffic volume can be observed. Probably not a coincidently, 
locations with the stations offering continuous measurements along E18 are centres of 
population and industry, attracting higher traffic volumes and therefore higher 
concentrations of emissions. While total amounts of GHGs and air pollutants declined 
during 2010 – 2019, towards end of the decade the trend seems to stagnate and even 
show a slight increase. A similar development can be seen also on the global scale, where 
transportation is the only sector where the carbon footprint has been increasing in recent 
decades (European Commission, 2016b; Santos, 2017; Solaymani, 2019). 

5 Discussion – towards the 2050 emissions reduction targets 

Transport decarbonising targets at EU and national level and various air pollutant 
mitigation strategies significantly affect road transportation due to the sector’s growing 
role in overall emissions produced. Throughout the examined period, eastern section of 
Finnish E18 accounted for approximately 1.5% of CO2e transport emissions in Finland. If 
CO2e emissions are to be reduced to levels 60% lower than those in 1990, then this study 
shows that Finnish transportation remains far from this goal. In 2019 the CO2e levels are 
almost the same as in 1990 with a decline of only 1.31%. The development of accurate 
emissions inventories could spark radical changes in the vehicle fleet structure in the 
studied region. Current transportation emissions on E18 with traffic volume development 
and a hypothetical scenario for achieving the 2050 target are illustrated in Figure 9. 

In view of the relatively slow rate of structural change in modern industrial 
economies, traffic volumes and vehicle types in 2050 could be assumed to be similar to 
those in 2019 for the purpose of this study. Since emissions should decrease by 59.47% 
from those of 2019 (or 60% from 1990) to comply with the EU’s transport emissions 
mitigation plan, partial electrification of passenger car traffic alone would not suffice. 
Indeed, even if all passenger cars were electrified, the total emissions produced would 
still slightly exceed the target. However, the plan for 2050 could be realised if both 
passenger cars and vans were electrified. In the case of full electrification of these vehicle 
classes, surge in their traffic volumes would still result in acceptable emissions at roads 
due to absent tail-pipe emissions. Such a fundamental change in the structure of energy 
consumption obviously requires reform and development in supporting infrastructure and 
energy sector policies. 
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Figure 9 CO2e inventory and traffic volume development on highway E18 with a scenario 
towards the EU’s emission target of 2050 (see online version for colours) 

 

As noted by Liimatainen et al. (2019), heavy-duty vehicles electrification seems not 
feasible in the Finnish context. Therefore, increase in heavy traffic would render the full 
electrification of passenger cars and vans inadequate for reaching the emission reduction 
target. Yet, future advances in battery technology and electric vehicles infrastructure may 
change the situation. Moreover, reaching the reduction target with slightly rising GHG 
emissions in the studied area requires even more thorough vehicle fleet renewal. 
However, continuation of the observed slight decline in heavy-duty vehicles’ share of 
road traffic volumes makes the emission reduction goal more achievable (i.e., met 
without absolute electrification of passenger cars and vans). 

Despite substantial positive development during the examined period in emissions 
reduction (e.g., vehicle fleet renewal, higher bio-component diesel, favouring lower 
emission transport modes), the emissions trajectory suggests that the measures taken 
hitherto have only prevented an uncontrolled increase in emissions. In the next decade, 
emissions from transportation must decrease dramatically to meet the 2050 emissions 
target. According to previous studies, it appears that the development of alternative fuels 
and advances in vehicle technology are vital to decarbonise transportation (Tsita and 
Pilavachi, 2017). Although reductions in vehicle numbers and average distance travelled 
reduce emissions (Lepitzki and Axsen, 2018), large enough changes are not likely to 
happen in a world with growing need for transportation (Carrara and Longden, 2017). 
However, increasing efficiency of transportation yields such reductions in emissions. 

To further analyse the development of road traffic emissions in the study region 
during the past decade, regression model of the CO2e throughout the coming decade was 
made (Figure 10). The model was chosen to predict until year 2030, as that point in time 
is nearer to the present time. As established, road transportation is both globally and in 
the study region going through drastic changes. Therefore, predicting via regressive 
model until 2050 is not reasonable in this situation. Also, 2030 marks the intermediary 
goal for EU’s climate action, which is to reduce GHG emissions across all sectors by 
40% (stricter proposal of 55% is being considered; European Commission, 2021). The 
regression model is almost significant (p value for intercept is approx. 0.055 and for year 
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or time-based coefficient it is approx. 0.058; significance of F is approx. 0.058; see 
Appendix for details). This is surprising, as year 2020 is included to the model. During 
this year, the traffic volumes across all vehicle types dropped, leading to reductions in 
overall CO2e emissions in the study area. The drop in traffic volumes is mainly due to the 
travel restrictions imposed to prevent the spread of Covid-19. If the declining linear 
regression trend is reached during the coming years, then the EU’s decarbonising targets 
are reachable with the achieved pace. However, the current measures rely on incremental 
improvements (e.g., improving efficiency of conventional vehicles, optimising road 
freight transportations, and using other transport modes over road in freight traffic). In 
addition, besides 2020, volume of passenger cars has been increasing in the study area 
throughout the study period. Thus, the effect can be seen as deteriorating over time, 
which begs to consult logarithmic regression, and it suggests that continuing business as 
usual is not enough to reach the set targets. This finding supports the claims based on the 
hypothetical scenario of 2050, which demands for radical change in road transportation, 
such as full electrification of passenger cars and vans. 

Figure 10 Linear and logarithmic regression of CO2e emissions towards 2030 (see online version 
for colours) 

 

6 Conclusions 

Transport emissions on highway E18 have fluctuated throughout 2010–2019 mostly due 
to changing traffic volumes, which reflect the prevailing economic situation and the state 
of international trade. Although traffic volumes have been considerably rising, GHG 
emissions have increased only moderately. This is due to changes in vehicle fleet 
composition on E18 (more passenger cars than heavy traffic) and renewal of engines to 
lower emitting ones (complying with higher EURO standard). 

As the number of vehicles and distances travelled (and thus produced emissions) 
seems to be rising, radical action is needed to realise the 2050 target for transportation 
emissions reduction. Although positive, the current development trajectory of CO2e 
emissions reduction is not adequate to reach 2050 decarbonising target. While the results 



   

 

   

   
 

   

   

 

   

    Road traffic emissions and emission reduction targets 321    
 

    
 
 

   

   
 

   

   

 

   

       
 

represent the situation in Finland, they are generalisable to other regions, e.g., those with 
longer distances between cities relying on road transportation. The presented calculation 
method is universally viable for calculating road traffic emissions, given that the required 
data is gathered, and the assumptions are adjusted. The method gives accurate view on 
specific study areas, since it considers the actual traffic volume (contrary to using, e.g., 
simulation or using average traffic volumes based on observations during specific time 
windows; Alzaman, 2016; Lozhkina and Lozhkin, 2015). Furthermore, this method can 
be scaled up (e.g., national emissions) or down (e.g., emissions produced on a site of 
operations or individual’s environmental burden). 

Previous literature on alternative road transportation fuels (e.g., electric vehicles) 
focuses on their economic and operational feasibility, but their role in realising 
transportation decarbonisation goals has not been widely considered. For example, 
barriers for electrification of heavy road freight traffic fall out of scope in the research by 
Fragkos et al. (2017). While electric vehicles facilitate decarbonising road passenger 
traffic, this is not the case for road freight traffic, which will continue as a significant 
source of transport emissions (Davis et al., 2018). This research demonstrates that despite 
lesser quantity compared to passenger cars, heavy road traffic produces similar amount of 
emissions. The benefits for life cycle emissions via adopting LNG-fuelled and electric 
vehicles in road freight transport operations are debatable (Zhao et al., 2016; Sen et al., 
2017), and infrastructure constraints and required initial investments could possibly 
undermine their feasibility (Zhou et al., 2017; Liimatainen et al., 2019; Tanco et al., 
2019). Nevertheless, these solutions offer significant emissions reductions at the tank-to-
wheel level (Zhao et al., 2016; Sen et al., 2017; Yuan et al., 2018; Zhiyi and Xunmin, 
2019). Therefore, it is more productive to direct implementation of alternative fuels 
towards passenger cars and vans. The same can be said for fuel cell vehicles (Lepitzki 
and Axsen, 2018), although their economic feasibility is even harder to estimate due to 
the immaturity of the technology and lacking examples of large-scale implementation 
(Liu et al., 2018; El Hannach et al., 2019). As the studied area is a highway used mainly 
for long-distance journeys, the range autonomy of electric vehicles emerges as a 
challenge (Margaritis et al., 2016) as well as the life cycle emissions reduction benefits 
compared to combustion engines for such journeys (Zhou et al., 2017). However, electric 
vehicles could serve local transportation with lighter cargo (i.e., electric passenger cars, 
vans and even lighter trucks could be feasible alternatives for cutting tank-to-wheel 
emissions). 

Reducing emissions from combustion benefits residential areas situated near busy 
roads by decreasing the level of air pollutants, which have an adverse impact on health 
(Sen et al., 2017; Andreão et al., 2018). Electric and hydrogen vehicles could effectively 
eliminate tank-to-wheel emissions (Sen et al., 2017; El Hannach et al., 2019), whereas 
LNG vehicles have minimal air pollutant emissions compared to conventional diesel or 
petrol vehicles (Yuan et al., 2018). Moreover, LNG vehicles show benefits in GHG 
emissions reduction compared to conventional engines by nearly eliminating N2O 
emissions in the tank-to-wheel phase (Zhiyi and Xunmin, 2019). Therefore, adapting 
these technologies could help EU states meet their air pollutant reduction targets. 

Despite their shortcomings, electric vehicles are feasible for transports with shorter 
distances and lighter cargo. Therefore, it is reasonable to consider effects of 
electrification of passenger cars and vans. With the current composition of vehicle fleet at 
highway E18, full electrification of passenger cars and vans would yield sufficient GHG 
emission reductions to reach the EU’s transport decarbonising target of 2050. As evident 
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from the regression analysis of the development of emissions, the current development 
trajectory is not enough to reach the decarbonising target. While this degree of 
electrification seems to be challenging, advances in conventional engines and competing 
solutions (e.g., LNG) also reduce emissions from transportation, effectively relieving the 
degree of required electrification. Furthermore, increased efficiency in transportation 
reduces the produced emissions. If, however, traffic volumes (especially in heavy 
transportation) rise substantially during the coming decades, electrification of passenger 
cars and vans will not be enough to reach EU’s decarbonising target. 

Lots of work remains to achieve GHG and air pollutant emissions reduction targets. 
Reduction in transport GHG emissions to 60% below the 1990 level by 2050 is the most 
pressing of these targets, and the current trajectory indicates that Finland will have 
considerable difficulties meeting this target. However, as concluded by Lepitzki and 
Axsen (2018), these ambitious goals could act as a driver for long-term improvement in 
emissions control. However, the goal itself will not improve the situation – work towards 
adapting vehicle technology with less negative impact on the environment as well as 
energy market reform are imperative. For further studies, it would be beneficial to 
conduct similar measurements to Chen and Borken-Kleefeld (2014) on a Finnish road 
network artery to find out the real emissions from road transportation. Such study 
provides valuable knowledge on additional factors contributing to total emissions, e.g., 
engine wear, driver behaviour and seasonal effects on driving conditions. In addition, the 
feasibility of measures for reaching the emissions reduction targets in EU should be 
evaluated in econometric terms. 
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Appendix 

Table A1 Regression statistics 

Multiple R 0.5859 
R square 0.3432 
Adjusted R square 0.2702 
Standard error 30,180.8989 
Observations 11 

Table A2 Analysis of variance 

 df SS MS F Significance F 
Regression 1 4,284,164,056 4,284,164,056 4.7033 0.0582 
Residual 9 8,197,979,943 910,886,660   
Total 10 12,482,143,998    

Table 3A Regression analysis 

 Coefficients Standard error t stat p-value 
Intercept 12,769,320.96 5,798,443.286 2.2022 0.055 
Year –6,240.7488 2,877.6358 –2.1687 0.058 
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Abstract: From early 2020 onwards, the world has been going through an unprecedented wave of
lockdowns, shutdowns, and preventive measures due to the Covid-19 pandemic. It is evident that
these have been harmful for tourism, passenger transport, and the service sector in general. However,
less is known regarding the implications for manufacturing and logistics, which is the purpose of
this research. We concentrate on reporting survey findings from Northern Europe, and mostly from
Finland. Based on trade accounts, it is evident that Covid-19 has had significant impacts on Finnish
import and export. However, in survey responses, companies report that they have mostly been
able to serve customers in a good fashion, and the pandemic has increased transportation costs only
moderately. Inventories might experience an increase due to the virus, however, in the longer term
they will likely remain at the earlier levels (or slightly increase). Companies are mostly afraid of the
effects of the second wave of the epidemic, and are also already thinking about the long-term issues
with transportation modes used together with supply chain dependencies. For example, the Chinese
and, in part, Russian, markets are increasingly being served by railways during the current decade.
For some companies (especially small and medium-sized ones) and foreign trade markets, however,
the epidemic era has been very harmful. Therefore, as a conclusion we argue that the pandemic is
causing rather asymmetrical impacts on manufacturing and logistics.

Keywords: Covid-19; manufacturing; freight; logistics; Finland; Northern Europe

1. Introduction

The world has gone through plagues and pandemics throughout its history. However, for the
modern world Coronavirus disease 2019 (Covid-19) is the first real global stopper (or freezer of the entire
world economy, as in the famous Vonnegut book about “Ice-9” [1]) and poses economic as well as health
challenges [2]. The global economy has been warned several times about a pandemic possibility in the
previous two decades (such as diseases called Severe Acute Respiratory Syndrome (SARS), swine flu,
Influenza A virus subtype H7N9 (H7N9), etc.), and we already know that even a small number of
infections and casualties will lead to devastating effects on an economy. For example, the relatively
short-duration SARS outbreak had big effects on tourism in Australia, Malaysia, Canada, Singapore,
Hong Kong, and Beijing [3,4]. Actually, the SARS epidemic had a peculiar effect on stock markets;
in Taiwan, it was detected that biotech firms benefitted from the epidemic, while the tourism, wholesale,
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and retail industries lost their valuations at the exchange [5]. Changes in consumption suddenly take
place amid flu epidemics. As an example, during swine flu, pork import and consumption declined
(in both China and Russia) [6], and the Corona beer demand declined within the recent Covid-19
crisis [7]. In addition to this, export has been reported to have experienced a severe decline (rubber,
−40%) in Libya within the Ebola crisis [6].

The motivation of this research is to examine how North European, and mainly Finnish,
manufacturing and logistics firms have experienced the current Covid-19 crisis. As earlier examples
have highlighted, manufacturing and logistics should not be the first or worst-performing sectors
during pandemics. Travel and tourism are typically the weakest, and, e.g., hotel bookings are a
rather good measure to reveal changes [4,6]. However, during the SARS epidemic, China was able to
isolate the virus to such an extent that factories were running without major interruptions, and export
performance was not hurt [6]. However, trade fairs reported significant order declines during the SARS
era [8]. It is also the case that compressing global supply chains, rather than chasing the lowest possible
cost, is of major benefit in the current Covid-19 crisis [2]. In this research work, we examine the Finnish
trade performance from the early months of the Covid-19 pandemic, and compare the developments
to the time before the virus. The main empirical material comes from two surveys—the first one was
sent to big corporations and latter was for regional small and medium-sized companies. All these
respondents are operating with logistics flows, and often are directly involved with manufacturing or
logistics activities. The surveys were completed in June-July 2020, and they illustrate the situation
in this branch after the first demand and supply shocks were experienced in February to May 2020.
As Handfield et al. [2] illustrate, both shocks were experienced in the early days of Covid-19, and not
only negative ones, as some sectors benefitted hugely from the rise of the pandemic. With this in mind,
our research questions are as follows: What kind of impact has the Covid-19 pandemic had on the
manufacturing and logistics sectors in Northern Europe? Are any major changes going to appear in
the incumbent supply chains? It is necessary to understand the initial impact on secondary sectors
together with logistics during the virus pandemic outbreaks, as we do not have enough experience
of this from earlier epidemics and pandemics? We combine second hand statistics with completed
surveys, which together form an innovative approach to analyze the early impacts of pandemics
(instead of only using second-hand data).

This manuscript is structured as follows: In Section 2, we review the literature concerning
epidemics experienced in previous decades, with an interest in their impacts on the economy in
general and on companies and trade. The employed research methodology is introduced in Section 3.
The foreign trade performance of Finland is analyzed in Section 4, and it concerns mostly aggregate
development until the end of May. Some major trade partners are also analyzed in detail. Empirical data
analysis of the two completed surveys follows in Section 5, with an analysis combining two different
surveys together, as the same questions were used in both surveys (concerning Covid-19). This research
is concluded in Section 6, which also provides future research direction in this area.

2. Literature Review: Epidemics and Effects on the Economy and Supply Chains

It is well documented that people and societies overreact to epidemics, since news and media
deliver messages about them constantly, and actual epicenters are not so well known (also, people
lack first-hand experience). It is well analyzed that the Ebola outbreak in Africa, although in the end
a minor event within a limited geographic area, affected mutual fund investor decisions to invest
in this large continent, and investment outflows became a reality [9]. In a similar vein, the SARS
epidemic in 2003 infected 8096 persons (774 deaths) in 29 countries, but its impact on the global
macro-economy was 30–100 billion USD in total or 3–10 million USD per case [4]. It could be due
to the SARS experience that the H7N9 epidemic (bird flu) was globally handled very well, with no
significant impact on economies. The fatality rate of bird flu was very high, however its confirmed
number of cases remained as low [4]. One of the key points in the effective handling of H7N9 was the
proper and valid information dissemination about the disease in the global media. It is argued that
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people react to dangers based on how easily they receive information about these risks. For example,
surveys made for people during the SARS epidemic reported in both Hong Kong and the USA that the
inhabitants estimated their probability of catching this disease as rather high, even though in real life
the probability of catching it in the place with the worse disease situation, Hong Kong, was well below
one percent [10]. It is therefore easier to understand why governments and individuals reacted in such
a manner to the Covid-19 outbreak, causing unprecedented impacts and business lost in tertiary sectors
(especially travel and tourism). Even poorer Southeast Asian countries were forced to implement
lockdowns as the virus spread was suddenly growing, and also to provide economic stimulus and
help, in turn leading to higher governmental debt levels [11]. In the “old west”, earlier epidemics
had already changed legislations, and the supranational authority of the European Union enabled a
quick, strict, and planned process response in Europe [12,13]. However, there is early evidence that
prosperous nations in the Covid-19 crisis could have higher mortality rates than poorer ones, leading
to the discussion point of whether the old west has responded to and behaved in the crisis well enough
to tackle the virus [14]. However, many prosperous nations in the world have a much older and retired
population [15,16], which could be one explanation for the higher mortality rates (together with issues
raised in [14]).

The economic impacts of a virus can be categorized at a company level—e.g., using the division of
businesses in the primary, secondary, and tertiary sectors [6]. In the earlier virus epidemics, it has been
common for the tertiary sector, such as travel, tourism, and services, to be hurt. For example, during the
SARS epidemic in April 2003, Hong Kong’s air passenger traffic collapsed by 70%, and this further
accelerated to a drop of 80% in May [6]. The hotel occupancy rate in Hong Kong during that time was
around 20% [6]. Similarly, Singapore was faced with a sudden hotel occupancy rate drop, even if the
total amount of SARS cases during the entire epidemic in this city was recorded as 238 [3]. In Taiwan,
around 30% of international flights were suspended [17]. Therefore, even in the case of a short-lived
virus, implications for the tertiary sector are highly significant, and in many instances turnover volumes
just disappear overnight. In Finland and in its leading airport, Helsinki-Vantaa, the passenger numbers
declined in March 2020 by 57.2% as compared to the year earlier, and in April-May the decline was
more than 90%. The decline in air freight was also steep, but it dropped by a somewhat lower extent
by 26.3% in March, 59.3% in April, and 49.4% in May [18]. Of course, these drops are not only due
to the psychology of individuals or organizations not willing to travel, but also in this situation the
governmental decisions and recommendations to reduce flights played a big role. The freight volumes
dropped, as passenger planes typically provide also freight services, which are vital for the profitability
of continental flights (e.g., to Japan and China). From the retail sector, we already know that, e.g., fast
fashion sales declined significantly—one of the leading retailers, H&M, reported that in the second
quarter of 2020 its sales declined to half from the previous year [19]. However, not all retail sales were
suffering during the early phases of the Covid-19 pandemic; in research that took place within Finland
and the USA, it was found that there was rapidly growing demand for groceries, which took place in a
short period of time, and remained at this high level as people stayed more at home [20,21].

The effects on the primary sector have not been reported widely from earlier epidemics. During the
Ebola outbreak in Africa, it is known that the harvest did not succeed perfectly within Ghana, as rice
production dropped by 20% and coffee production by 50% [6]. Earlier, it was already mentioned that
the Libyan rubber export and the consumption and import of pork faced challenges. From the current
Covid-19 crisis, we have learnt that mining has been under lockdowns and shutdowns in a number of
different countries, and especially silver production has been hurt [22].

There is no evidence of significant negative impacts on the secondary sector during earlier virus
epidemics [6]. However, it has been mentioned in earlier research [4] that, during the SARS epidemic,
Dongguan in China experienced a local one-third drop in its manufacturing business with Hong
Kong. It is typical that changes in investment flows take place or orders drop, but trade has not been
impacted so greatly earlier [3,8,9]. In addition, risk premiums for future investments will rise in the
worst infected areas [23]. However, in the current Covid-19 pandemic, the secondary sector has been
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greatly affected. The virus has exposed weaknesses in global supply chains, originating from the
lack of diversification of suppliers, extensive just-in-time strategies which have diminished safety
stocks, and inadequate supply chain-wide transparency [24]. Hence, contemporary supply chain
scholars highlight the importance of resilience in modern supply chains (e.g., [25,26]). In the latest case
studies, suspending production during Covid-19 was an option used as demand declined in a harsh
manner, and there were difficulties in the global component supply [2]. In addition, Liao et al. [27]
showcase a model which suggests that stockouts can be efficiently withstood with collaboration
between competitors in the form of transshipments. However, it should be emphasized that virus
epidemics concern entire economies, and especially the tertiary sector. Even the economic simulations
from the times of the SARS spread did not find great impacts on trade—only Hong Kong was found to
suffer for a short period of time [23].

The importance and coping of humanitarian logistics during an epidemic outbreak is a widely
researched area (see, e.g., [28–30]). However, knowledge of the effect of an epidemic outbreak on
commercial supply chains is rather scarce at the moment, and thus the research objective of this article
fills a recognized gap. There are, however, some fresh research articles focusing on the aforementioned
research area. Ivanov [31] has made a simulation model which aims to predict the effect of Covid-19
on global supply chains. Furthermore, healthcare supply chain decision-support systems during the
Covid-19 epidemic has been a research focus of Govindan et al. [32].

3. Research Methodology

The survey presented in this manuscript was completed in June and July 2020, and it mostly
concerned Finnish companies. The survey was actually split in two parts, where the first sub-survey
concerned the largest companies in Finland, Estonia, Sweden, and Norway (companies with physical
material flows, so excluding, e.g., banks, IT, insurance, the service sector, and real estate). This first
sub-survey had also other questions apart from those concerning Covid-19’s effects (mostly about
logistics and supply chains). We justified asking these questions from larger companies, because
often their decision-making regarding supply chains control the behavior of smaller actors. This large
company survey was sent to “info@...” addresses, and it did not yield very plentiful results. Overall,
we sent the questionnaire to 885 companies, of which only 9 responded (response rate of 1%). Most of
the responses were from Finland (six answers), followed by Estonia (two answers) and Sweden
(one answer). From these larger companies, eight respondents were operating mostly in manufacturing,
whereas one respondent was from a logistics branch. A request to respond to the questionnaire was
sent in total five times, and the response period was basically the entirety of June 2020. The second
sub-survey was targeted at two regions of Finland: Kymenlaakso and South Karealia. These are both
located next to the Russian border, in the southeast of Finland. We selected manufacturing and logistics
companies as respondents. This sub-survey was sent to 575 companies, and we received a response
from 53 companies. Typically, questionnaire contact was made to a CEO or director email address,
which we accessed through earlier projects and visiting company websites. The survey was opened on
17 June and it was closed on 17 July (companies were also contacted five times and asked to respond).
This second sub-survey only concerned Covid-19-related questions. Both regions are nearly equally
represented in this survey, as we received 26 responses from Kymenlaakso and correspondingly 27 from
South Karelia. These respondent companies represented nearly equally manufacturing (26 responses)
and logistics (27 responses) companies. The response rate for the second sub-survey was fairly high,
around 9% overall.

As most of the responses in the completed surveys arise from small and medium-sized companies,
it is important for the reliability of the following survey analysis to reveal the revenue and employment
amounts of the respondent companies. We used public databases of annual financial data from
Estonia, Finland, and Sweden, as well as the annual reports of companies to compile respondent
background data. We took the latest annual numbers, which were most often from the years 2018–2019.
From some companies, these data were just unavailable, however we were able to get revenue
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information from 59 out of 62 companies. The average revenue of the respondent companies was
144.5 mill. EUR, while the median was much lower, at 1.4 mill. EUR. This is due to two very large
companies (corporations with revenues of more than 1 bill. EUR) responding (resulting in a bias in the
average), and, as Figure 1 illustrates, the respondents mostly have revenues of a maximum of 10 mill.
EUR (these three first classes make up to 74.6% of the responses). The situation with employment was
rather similar to that of the revenues. We were able to access employment amounts from 52 companies
out of 62. The average number of employees was 379.6, while the median number was 14.5. Most of
the companies employed from 1 to 100 persons (80.8%).
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The survey was designed in a way that the respondents could leave any question(s) unanswered
if they wanted to. This was done to achieve the highest possible response rate, and also due to the
reason that not all companies necessarily have, e.g., operations in Russia or China. For the survey
regarding big companies (the first sub-survey), we asked the respondents what was their position and
experience was within the company. Most of the answers came from managers or directors who had
more than eight years of working experience. The second sub-survey was mostly targeted directly
to CEOs and directors of these local and often smaller companies. Therefore, we can consider these
following answers as valuable and having a high quality and credibility.

4. Implications for Foreign Trade in Finland

As the global economy was already experiencing growth challenges before the Covid-19 outbreak,
it had an impact on Finnish foreign trade in the pre-pandemic era. As Figure 2 illustrates, Finnish
exports were declining from the base month (Dec. 2020) in January and February of 2020 by 21.3%.
However, the total imports sustained their level until April 2020 (when a decline of 19.7% was
experienced). In May 2020, exports continued to decline, and ended up being 29% lower as compared
to the base month. The imports in turn levelled off, and showed a minor growth from April to May
(ending in an 18.4% decline vs. the base month). If this change is compared to the Finnish foreign
trade performance at the time of the Global Financial Crisis (GFC; 2008–2009), it does not differ that
much. Of course, it is difficult to interpret what the exact starting month of the crisis was (e.g., did
the Covid-19 crisis start in Dec. 2019 or in March 2020, and when did the GFC take exactly place?).
If the Covid-19 examination starts from Dec. 2019 (which is the last month of a normal environment),
and the GFC examination starts from Oct. 2008, then the latter (GFC) had a bigger downward impact
on trade within the first five months (imports fell 25.9% and exports in turn fell 33.4%).
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December is indexed as 100, and exports are denoted with a dashed line). Source: Finnish Customs [33].

In this research work, we are interested in two emerging markets—namely, Russia and China.
The first mentioned country has always been an important trade partner of Finland (and throughout
history numerous times has been the largest trade partner of Finland), while the latter has become
increasingly important in the previous two decades. Russian imports have performed poorly in the
examination period, and this is mostly due to the price of oil declining (import volumes in weight
terms have declined 14.8% in the examined five-month period, whereas in euros those import volumes
have nearly halved). Russian exports have declined 31.3% in the examination period, while in weight
terms these exports have declined only 3.6%. However, what is surprising is the robustness of Chinese
trade. At the end of observation period, it was actually at an 8.8% higher level than in Dec. 2019.
Exports of Finland to China have been somewhat weaker, but in April 2020 they were 2.8% higher than
in the base month, while in May they faced a decline, with the performance being 16.1% lower than in
the base month.

We also did analyze other important trade partners of Finland (in addition to Russia and China),
such as Germany (currently the largest), Sweden, Estonia, the USA, and the UK. German trade has, in
general, faced around a 20% decline in the examined time period, while Swedish trade in turn showed
a 10–15% decline. Interestingly, Estonian trade has sustained its level (and even somewhat grown),
while the USA trade showed a decline of 20–30%, as did also the UK trade (with some variation,
however imports are clearly declining by 24%).

Therefore, we may conclude that Finnish foreign trade has been hurt due to the Covid-19 pandemic
situation. However, some countries (such as China and Estonia) have managed their virus situation
very effectively, and these relationships in trade terms have had very little impact (or no impact at
all). However, the countries with more challenges in containing the virus are also showing impressive
declines in trade terms. Thus, the situation is two-fold, and in comparison to GFC it is even lower in
total in its impact. The Covid-19 crisis has been harmful, but in comparison to the previous big crisis it
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is not exceptional. The comparison here was made to the base month of December 2019. If we would
have chosen this month from the year earlier for comparison, the results would have been similar.

5. Survey Findings

Most of the companies responded that the Covid-19 pandemic has not increased, or will increase,
their transportation costs (Figure 3). However, it should be noted that, in total, 27 companies (44.3%)
responded that their transportation costs shall increase moderately, likely, or extremely. In the survey,
we also had a “free comments” space, where the respondents could give their opinions about anything
related to the survey topics. Some companies argued that transportation is not the main problem
and that related prices will remain as conservative. The closing of supplier factories mattered the
most. Another respondent commented that the freight rates of container transport should increase in
the forthcoming months. In addition, some argumentation emerged, claiming that lower oil prices
increase the pressure for lower transportation costs and larger transportation batches. Thus, regarding
transportation costs, the situation is not clear nor consistent. There are numerous factors in the table
which give upward price pressure, but also ones that are declining. When we analyzed further
companies responding extremely, it was evident that the companies responding so were small or
medium-sized, with revenues of less than 20 mill. EUR. The situation remains rather similar in the
answer class of likely—two out of nine responses were from larger companies (revenues in hundreds
of millions of EUR), while seven responses arose from companies having a revenue of two mill.
EUR or less.
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Figure 3. How likely is it that the freight transportation cost of your company will increase after the
Covid-19 pandemic (n = 61)?

Companies were consistent in their responses regarding meeting customer requirements (Figure 4).
In total, 46 companies responded (75.4%) that it was either extremely likely or likely that they met
customer requirements. Additionally, in the written free comments within the survey, the companies
told us that they had spent time, collaborated, and used technical tools to make deliveries happen
for their customers. Some said that logistics routings have been reconsidered, and, in some cases,
companies used their Enterprise Resource Planning (ERP) systems to detect deviations and make
future demand forecasts. As some respondents commented, their customers were mainly located in
Finland or the Baltic states, where the virus has not been that severe a problem, and everything has
more or less functioned. Companies responding that they were not at all or less likely to be able to meet
customer requirements were representing smaller companies with revenues of less than 10 mill. EUR.
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Figure 4. How likely is it that your company will be able to meet customer requirements during the
Covid-19 pandemic (n = 61)?

In longer-term scenarios, the threat of the virus increasing operating costs or causing other
disruptions would lead to higher inventory holdings. As this was asked from the companies
concerning their industry (not the company itself) in the next five years’, the responses were rather
divided (Figure 5). Most of the respondents (24 answers or 43.6%) claimed that there is going to be
no change at all. However, quite a few saw inventories either moderately growing (15 answers) or
diminishing (12 answers). Only three indicated that inventory holdings shall significantly increase,
whereas one said they will do the opposite—significantly diminish. Based on these answers in the
longer term, it seems that inventories will not decline on average; however, this outlook contains a
lot of industry and company-level variation. Figure 5 could indicate that inventories have a slightly
increasing trend. In the free comments of the survey, some companies said that they have increased
their buffer inventories due to Covid-19, or that inventories have in general a tendency to increase now.
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Figure 5. Will the inventory sizes change in your industry during the coming five years (n = 55)?

As Finland has land transportation possibilities not only to Russia (by both road and railway),
but also to China (mostly railways. with options using only the Trans-Siberian Railway (TSR) and
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the route via Mongolia or Kazakhstan), the companies were asked how these might develop in the
following decade. For example, changes in the environmental legislation of sea transportation (sulfur,
nitrogen, and CO2 emission prevention costs might increase continental transportation costs) and the
current lack of proper air freight connectivity and frequency with increasing prices could change the
primary transportation mode to serve Russian and Chinese markets. Indeed, the studied companies
indicated that transportation mode changes are taking place with the Chinese (Figure 6) and Russian
(Figure 7) markets. There is a clearly identifiable growing trajectory in the Chinese market primary
transportation mode—at the end of the current decade, railways should become nearly as important as
sea transportation (based on the responses). The One Belt and One Road (OBOR) program container
trains have, of course, increased in volume during recent years [34], and especially during the Covid-19
pandemic [35], to connect China with Europe. At least one logistics sector actor is reporting growing
their railway container volumes in the aftermath of the Covid-19 crisis within Finland [36].
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Changes in supply chain dependencies was another issue that we asked companies about in order
to understand transportation mode changes further. The dependencies on China (Figure 8) and Russia
(Figure 9) were examined separately. Most of the companies answered that it is less likely or not at
all likely that changes will take place—in the Chinese market, 26 companies answered accordingly
(60% of respondents), and in the Russian market 29 companies did so (64%). This could indicate
that minimal changes are taking place due to Covid-19. However, nine companies concerning both
countries responded that it is likely or extremely likely that changes are taking place (this is 20% of
responses concerning Russia and 21% in the case of China). Therefore, it could be the case that in some
companies these changes are on the agenda.
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In the free answers of the survey, some companies stated that all depends on the second wave
of Covid-19, and whether it will appear or not. However, there were also answers claiming that
everything will be just like before in 2021, or that Covid-19 has not had that much impact at all or
the impacts have been just minor. Some complained about the lack of governmental support in the
situation, as their volumes were suddenly disappearing.
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6. Conclusions

Before Covid-19, the modern and globalized world had only experience of limited (geographical
terms) and short-duration viruses [3,4,6,8]. These have had numerous economic implications, however
often on earlier occasions it has been the case that the tertiary sector has been affected and the effects on
the secondary sector have been limited. In addition, foreign trade has been affected in a rather small
fashion. Still, it should be emphasized that this does not mean that earlier viruses would not have had
any relation with the secondary sector. They most often have—within virus-infected areas, investment
outflows have been experienced [9], the risk margins of investors have risen [23], and orders have been
temporarily lost [4,8]. This all has translated to smaller economic, trade, and manufacturing growth in
the future. Although these virus-affected areas have been able to grow after, e.g., the SARS epidemic,
some economic potential has been lost.

What is new in the Covid-19 virus pandemic is that it is global and it has been rather long
in duration (already, if compared to, e.g., SARS). As, in this research, we analyzed the situation
in Northern Europe, and mostly Finland, and within the manufacturing and logistics sectors, it is
notable that Covid-19 has had implications on this sector. In some respects, the changes have been
rather significant—foreign trade has declined under the Covid-19 era by 20–30% from December 2019,
and exports have shown a higher downward pressure. In country-level analyses, it was found that not
all trade with other countries has suffered in the Covid-19 era—e.g., the Chinese and Estonian trade
volumes have been sustained rather well (and in some cases even grown). However, Russian trade has
been in free fall, but this is mostly in price terms and not that much due to volumes.

Within the completed survey, the companies in general indicated that they have survived the
Covid-19 pandemic rather well so far—their customer requirements have been, in most cases, fulfilled.
Transportation costs have not grown significantly, and companies do not see inventories growing in the
longer term that much. However, there are exceptions to these on a company level—some companies
were indicating and communicating that transportation costs will face increases, and some companies
in turn commented that they have increased inventories due to Covid-19. What is consistent in these
survey responses is the change in the used transportation modes. Especially for distant markets and
operations, like those to China, railways have momentum for volume growth in the following decade.
This seems to also be the case in part concerning Russian operations. Entire supply chain dependencies
are under some change in these markets too, but not in all respondent companies. Companies are,
however, cautious about a possible second wave of Covid-19. This is in line with previous research,
where longer-duration implications of the virus on the economy are more apparent, and especially
affecting trade and investments for a long time [23]. Additionally, the inactivity of large companies in
participating in this survey might be a signal of their cautiousness.

Additionally, within the survey some companies complained about their situation during the
pandemic or their responses indicated that they were experiencing troublesome times. As revealed
in further analyzing the companies saying that transportation costs increased extremely or that the
companies were not able to serve customers well, all these responses were arising from small and
medium-sized companies. Therefore, we may conclude that the pandemic effects have not been
symmetric, and policy responses should be based on this fact. Providing wide economic support
throughout these sectors would most probably be a mistake; however, in some particular cases, it might
not. Most probably, smaller companies are in need of aid. This, of course, concerns the first wave of the
pandemic; however, in the second wave, the situation could be entirely different, and wider support
could be needed as a policy response. In the survey, it was indicated that transportation costs were
not a major issue for companies. However, connectivity was felt as an important factor. Therefore,
this should gain policy attention from the very beginning of pandemics.

As a further research, we would like to continue the theme of this research, but with company-level
interviews using a case study methodology. We would be interested in accumulating knowledge on
how prepared companies are for transportation mode changes. Will they use a catalogue of numerous
transportation modes as a hedge to reach distant markets and have functional operations under
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uncertainty? Or, is this change towards railways going to be rather straight-forward and favoring a
single mode? Together with these, we would be eager to study the possible supply chain dependency
changes due to the Covid-19 pandemic.

Author Contributions: Conceptualization, O.L., V.H. and P.H.; Data curation, O.-P.H. and O.L.; Formal analysis,
O.-P.H.; Funding acquisition, O.-P.H.; Investigation, O.-P.H., O.L., V.H. and P.H.; Methodology, O.-P.H., O.L.,
V.H. and P.H.; Project administration, O.-P.H.; Resources, O.-P.H.; Software, O.-P.H. and O.L.; Supervision,
O.-P.H.; Validation, O.-P.H. and O.L.; Visualization, O.-P.H.; Writing—original draft, O.-P.H., O.L. and V.H.;
Writing—review & editing, O.-P.H., O.L., V.H. and P.H. All authors have read and agreed to the published version
of the manuscript.

Funding: This research has been carried out among the ordinary duties of university work, and has not received
any special funding.

Acknowledgments: We would like to acknowledge an M.Sc. student of LUT University, Rajan VK, for helping us
to implement and gather survey responses in the late spring and summer of 2020.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Rickards, J. The Road to Ruin: The Global Elites’ Secret Plan for the Next Financial Crisis; Portfolio: New York,
NY, USA, 2016.

2. Handfield, R.B.; Graham, G.; Burns, L. Corona virus, tariffs, trade wars and supply chain evolutionary design.
Int. J. Oper. Prod. Manag. 2020. [CrossRef]

3. Keogh-Brown, M.R.; Smith, R.D. The economic impact of SARS: How does the reality match the predictions?
Health Policy 2008, 88, 110–120. [CrossRef] [PubMed]

4. Qiu, W.; Chu, C.; Mao, A.; Wu, J. The impacts on health, society, and economy of SARS and H7N9 outbreaks
in China: A case comparison study. J. Environ. Public Health 2018, 2710185. [CrossRef]

5. Chen, C.-D.; Chen, C.-C.; Tang, W.-W.; Huang, B.-Y. The positive and negative impacts of the Sars outbreak:
A case of the Taiwan industries. J. Dev. Areas 2009, 43, 281–293. [CrossRef]

6. Gong, B.; Zhang, S.; Yuan, L.; Chen, K.Z. A balance act: Minimizing economic loss while controlling novel
coronavirus pneumonia. J. Chin. Gov. 2020, 5, 249–268. [CrossRef]

7. Ortiz, A. Corona beer to halt production amid coronavirus outbreak. The New York Times. 3 April 2020.
Available online: https://www.nytimes.com/2020/04/03/business/coronavirus-corona-beer.html (accessed on
17 August 2020).

8. Day, B.; Mckay, R.B.; Ishman, M.; Chung, E. The new normal: Lessons learned from SARS for corporations
operating in emerging markets. Manag. Decis. 2004, 42, 794–806. [CrossRef]

9. Giudice, A.D.; Paltrinieri, A. The impact of the Arab Spring and the Ebola outbreak on African equity mutual
fund investor decisions. Res. Int. Bus. Financ. 2017, 41, 600–612. [CrossRef]

10. Brahmbhatt, M.; Dutta, A. On SARS Type Economic Effects during Infectious Disease Outbreaks; Policy Research
Working Paper 4466; The World Bank: Washington, DC, USA, 2008; East Asia and Pacific Region.

11. Fauzi, M.A.; Paiman, N. COVID-19 pandemic in Southeast Asia: Intervention and mitigation efforts.
Asian Educ. Dev. Stud. 2020. [CrossRef]

12. Purnhagen, K.; De Ruijter, A.; Flear, M.; Hervey, T.; Herwig, A. More Competences than You Knew? The Web
of Health Competence for European Union Action in Response to the COVID-19 Outbreak. Eur. J. Risk Regul.
2020, 11, 297–306. [CrossRef]

13. Goniewicz, K.; Khorram-Manesh, A.; Hertelendy, A.J.; Goniewicz, M.; Naylor, K.; Burkle, F.M., Jr.
Current Response and Management Decisions of the European Union to the COVID-19 Outbreak: A Review.
Sustainability 2020, 12, 3838. [CrossRef]

14. Khorram-Manesh, A.; Carlström, E.; Hertelendy, A.; Goniewicz, K.; Casady, C.; Burkle, F. Does the Prosperity of a
Country Play a Role in COVID-19 Outcomes? Disaster Med. Public Health Prep. 2020, 1–10. [CrossRef] [PubMed]

15. Dlugosz, Z. Population ageing in Europe. Procedia Soc. Behav. Sci. 2011, 19, 47–55. [CrossRef]
16. Knickman, J.R.; Snell, E.K. The 2030 problem: Caring for ageing baby boomers. Health Serv. Res. 2002, 37,

849–884. [CrossRef] [PubMed]
17. Chou, J.; Kuo, N.-F.; Peng, S.-L. Potential Impacts of the SARS Outbreak on Taiwan’s Economy. Asian Econ. Pap.

2004, 3, 84–99. [CrossRef]



Sustainability 2020, 12, 8315 13 of 13

18. Finavia. Traffic Statistics. Available online: https://www.finavia.fi/en/about-finavia/about-air-traffic/traffic-
statistics/traffic-statistics-year (accessed on 18 August 2020).

19. H&M Group. H&M Hennes&Mauritz AB, Q2&Six-Month Report. Available online: https://hmgroup.
com/content/dam/hmgroup/groupsite/documents/masterlanguage/cision/2020/06/2735858.pdf (accessed on
27 August 2020).

20. Saarinen, L.; Loikkanen, L.; Tanskanen, K.; Kaipia, R.; Takkunen, S.; Holmström, J. Agile Planning: Avoiding
Disaster in the Grocery Supply Chain during COVID-19 Crisis; Aalto University Publication Series Business +

Economy 1/2020; Department of Industrial Engineering and Management: Helsinki, Finland, 2020.
21. OECD. Food Supply Chains and COVID-19: Impacts and Policy Lessons. OECD Policy Responses to

Coronavirus (COVID-19), 2 June 2020. Available online: http://www.oecd.org/coronavirus/policy-responses/
food-supply-chains-and-covid-19-impacts-and-policy-lessons-71b57aea/ (accessed on 10 September 2020).

22. Golubova, A. COVID-19 Mining Shutdowns Hurt Silver Production the Most, Gold the Least—Report.
Kitco News. 29 April 2020. Available online: https://www.kitco.com/news/2020-04-29/COVID-19-mining-
shutdowns-hurt-silver-production-the-most-gold-the-least-report.html (accessed on 18 August 2020).

23. Lee, J.-W.; Mckibbin, W.J. Estimating the Global Economic Costs of SARS. In Institute of Medicine: Learning
from SARS: Preparing for the Next Disease Outbreak: Workshop Summary; The National Academies Press:
Washington, DC, USA, 2004; pp. 92–109. [CrossRef]

24. Zhu, G.; Chou, M.C.; Tsai, C.W. Lessons Learned from the COVID-19 pandemic exposing the shortcomings of
current supply chain operations: A long-term prescriptive offering. Sustainability 2020, 12, 5858. [CrossRef]

25. Gkanatsas, E.; Krikke, H. Towards a pro-silience framework: A literature review on quantitative modelling
of resilient 3PL supply chain network designs. Sustainability 2020, 12, 4323. [CrossRef]

26. de Haan-Hoek, J.; Lambrechts, W.; Semeijn, J.; Caniëls, M.C.J. Levers of control for supply chain sustainability:
Control and governance mechanisms in a cross-boundary setting. Sustainability 2020, 12, 3189. [CrossRef]

27. Liao, Y.; Li, J.; Hu, X.; Li, Y.; Shen, W. Application of lateral transshipment in cost reduction of decentralized
systems. Sustainability 2020, 12, 5081. [CrossRef]

28. Dasaklis, T.K.; Pappis, C.P.; Rachaniotis, N.P. Epidemics control and logistics operations: A review. Int. J.
Prod. Econ. 2012, 139, 393–410. [CrossRef]

29. Farahani, R.Z.; Lofti, M.M.; Baghaian, A.; Ruiz, R.; Rezapour, S. Mass casualty management in disaster scene:
A systematic review of OR&MS research in humanitarian operations. Eur. J. Oper. Res. 2020, 287, 787–819.

30. Boonmee, C.; Arimura, M.; Asada, T. Facility location optimization model for emergency humanitarian
logistics. Int. J. Disaster Risk Reduct. 2017, 24, 485–498. [CrossRef]

31. Ivanov, D. Predicting the impacts of epidemic outbreaks on global supply chains: A simulation-based
analysis on the coronavirus outbreak (COVID-19/SARS-CoV-2) case. Transp. Res. Part E Logist. Transp. Rev.
2020, 136, 101922. [CrossRef] [PubMed]

32. Govindan, K.; Mina, H.; Alavi, B. A decision support system for demand management in healthcare supply
chains considering the epidemic outbreaks: A case study of coronavirus disease 2019 (COVID-19). Transp.
Res. Part E Logist. Transp. Rev. 2020, 138, 101967. [CrossRef] [PubMed]

33. Finnish Customs. ULJAS—International Trade Statistics (Monthly Updates). Available online: https:
//uljas.tulli.fi/uljas/ (accessed on 12 August 2020).

34. Hilmola, O.-P.; Panova, Y. Eurasian Intermodal Supply Chains: A Dynamic Systems Approach; Cambridge
Scholars Publishing: Cambridge, UK, 2020.

35. Zhou, C. China’s Rail Shipments to Europe Set Records as Demand Surges for Chinese Goods Amid Coronavirus.
South China Morning Post. 17 August 2020. Available online: https://www.scmp.com/economy/china-economy/

article/3097719/chinas-rail-shipments-europe-set-records-demand-surges (accessed on 19 August 2020).
36. Nurminen Logistics. Half Year Financial Report 1 January–30 June 2020. Available online: https://mb.cision.

com/Main/11061/3165255/1288286.pdf (accessed on 10 August 2020).

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).





Publication V 

Hilmola, O.-P. and Lähdeaho, O. 

Covid-19 pandemic: small actor point of view on manufacturing and logistics 

Reprinted with permission from 

World Review of Intermodal Transportation Research 

Vol. 10, No. 2, pp. 87-105, 2021 

© 2021, Inderscience 





 World Review of Intermodal Transportation Research, Vol. 10, No. 2, 2021 87 

 Copyright © 2021 Inderscience Enterprises Ltd. 

Covid-19 pandemic: small actor point of view on 
manufacturing and logistics 

Olli-Pekka Hilmola*
LUT University, Kouvola Unit,  
Tykkitie 1, FIN-45100 Kouvola, Finland 
and 
Tallinn University of Technology (Taltech),  
Estonian Maritime Academy, 
Kopli 101, 11712 Tallinn, Estonia 
Email: olli-pekka.hilmola@lut.fi 
*Corresponding author

Oskari Lähdeaho
LUT University, Kouvola Unit,  
Tykkitie 1, FIN-45100 Kouvola, Finland 
Email: oskari.lahdeaho@lut.fi 

Abstract: Coronavirus has changed businesses profoundly, and argumentation 
goes that small companies have been hurt seriously. This research analyses 
survey responses of mostly Finnish companies out of the effects of pandemic. 
Findings show that small manufacturing and logistics companies have been 
hurt somewhat in their ability to serve customers as medium and large 
companies have performed well. Small companies also have lower 
expectations to continue their operations in China and Russia. In the future 
small companies do not expect inventory investment to grow that much either, 
and their transportation modes reaching China and Russia will not change in 
such great extent as what is the case with medium and large companies. 
However, it seems that railways will be preferred over other transportation 
modes in the following decade. Among small companies, transportation mode 
shares are taken from all other modes, while in medium and large they are 
mostly arising from air freight. 

Keywords: Covid-19; manufacturing; logistics; performance; Finland; 
Northern Europe. 

Reference to this paper should be made as follows: Hilmola, O-P. and 
Lähdeaho, O. (2021) ‘Covid-19 pandemic: small actor point of view on 
manufacturing and logistics’, World Review of Intermodal Transportation 
Research, Vol. 10, No. 2, pp.87–105. 

Biographical notes: Olli-Pekka Hilmola, PhD, is working as a Professor 
in LUT University, in Kouvola, Finland. He is affiliated with numerous 
international journals through editorial boards, including Industrial 
Management and Data Systems, Decision Support Systems, and Expert Systems 
with Applications. He has published around 180 refereed journal manuscripts. 
He is currently serving as Visiting Professor in Taltech/EMERA, Estonia. 



   

 

   

   
 

   

   

 

   

   88 O-P. Hilmola and O. Lähdeaho    
 

    
 
 

   

   
 

   

   

 

   

       
 

Oskari Lähdeaho, MSc Technology, is a doctoral student in LUT University,  
in Kouvola, Finland. His doctoral research focuses on competitiveness, 
innovation, and sustainability in logistics. 

 

1 Introduction 

During year 2020, all businesses and supply chains have been challenged by novel 
coronavirus pandemic, typically as first with supply shocks and thereafter with demand 
shocks (Handfield et al., 2020; Ivanov, 2020). Until today, it could be concluded that big 
businesses and corporations, excluding travel industry, and some parts of service sector 
have survived well, and some businesses have even benefitted handsomely from 
pandemic (like online food retail, Information Technology sector and pharmaceuticals; 
OECD, 2020a; Donthu and Gustafsson, 2020). However, the most negatively affected 
sectors are usually driven by numerous Small and Medium sized Enterprises (SMEs; 
Kalemli-Ozcan et al., 2020). They are in constant interaction with customers, suppliers 
and workforce – using typically traditional face-to-face approach in physical premises as 
well as favouring cash as payment method within transactions. All of these types of 
companies are really vulnerable for virus pandemics, and risks are enormous  
(and basically not managed properly at all). However, many branches of the economy 
cannot survive without the presence and capacity of SMEs (Rotar et al., 2019; Garcia-
Vidal et al., 2020) – furthermore, in manufacturing supply chains (subcontractors), 
construction sector and transportation logistics, it would be difficult or even impossible 
for large actors and corporations to have business continuity without SMEs. So, like it or 
not, SMEs are vital part of the economy and value creation, even if their profits or 
valuations are not as high as leading global brands. In nearly all developed economies 
SMEs are the biggest source of employment, and therefore being very important part of 
policy level decisions. Taking letter M away from acronym of SME, and thinking about 
small companies in the face and midst of the pandemic (Fairlie, 2020), it could only be 
concluded that above written is even more significant and serious situation for small 
actors (some preliminary findings, see Hilmola et al., 2020a). 

As global economy entered pandemic era of 2020, it was in general already under 
zero interest rates in many parts of the world, and trial within USA for higher rates had 
failed. Many businesses had adapted to this new era by using higher inventories within 
supply chains (Hilmola et al., 2020b), approaching product costs with rigid global 
outsourcing (Handfield et al., 2020), and defending market shares within final markets. 
Situation was already in pre-pandemic era very difficult for local actors and SMEs, e.g., 
in European textile manufacturing business (Hilmola et al., 2019). This configuration 
was also very vulnerable for demand of SME services – if demand at final markets would 
decrease suddenly (as it did with cars and textiles during early days of pandemic), then 
high inventories would translate to very low orders from suppliers and use of 
transportation services (lack of orders was key issue in Fairlie, 2020). Similarly, 
malfunctioning supply chains (due to lockdowns), but within remaining (or even 
growing) demand situation, were very challenging for SMEs. In addition, transportation 
logistics was challenging during early days of pandemic (e.g., lack of containers as 
global circulation system was disrupted and hurt), and if connections existed, they were 
often higher priced than before. In this research, we are interested to know, what kind of 
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implications Covid-19 pandemic has had on small companies within manufacturing and 
logistics sectors. Our observations are mainly arising from Finland through three surveys 
completed in summer and autumn of 2020. Research question of this work is as follows: 
“What kind of potential impacts within short and longer term Covid-19 pandemic has 
had on manufacturing and logistics companies?” We especially focus to the point of 
view of small companies. 

This manuscript is structured as follows: In Section 2, we shall complete literature 
review from the Covid-19 crisis from small company perspective, and their experiences. 
Research methodology follows in Section 3. Empirical and statistical analysis is 
completed in Section 4. Discussion over results and from free comments of companies is 
given in Section 5. Finally, in Section 6, we shall conclude our research work, and 
provide avenues for further research in this area.  

2 Literature review: SMEs and Covid-19 crisis 

During early 2020 (springtime) it was analysed and argued by OECD (2020b) that Small 
and Medium Sized (SME) companies were mostly hurt by the time of pandemic. SMEs 
in general were positioned in sectors, which were typically significantly hurt by 
pandemic (see analysis from European Union, Rotar et al., 2019), their digitalisation and 
use of Information Technology was at low levels, and many of SMEs were cash tight 
(already before the crisis hit). In the beginning, travel industry was first severely hurt 
(like in SARS epidemic in 2003; Gong et al., 2020; Keogh-Brown and Smith, 2008; 
Chou et al., 2004), and for example in Spain year 2020 will be devastating as touristic 
arrivals will decline (Rodríguez-Antón et al., 2020); based on different forecasts decline 
from previous year will be within area of 58–78%. This of course has hit hotels and their 
related employment hard. Support for the sector has been plenty, and hotels have started 
to develop safe stay packages to attract tourists, despite the difficult situation. However, 
travel industry and hotels are not symmetrically hit by the crisis. Wu et al. (2020) 
examined Hong Kong room rates through TripAdvisor.com and collected data from 
450,000 rates during weeks 1–33 of 2020. Based on their analysis, centrally located 
hotels were mostly hit in price terms due to pandemic, and less luxurious were hurt more 
than five-star hotels. Actually, Wu et al. (2020) showed that “New Territories” and their 
hotels survived pandemic time rather well in price terms, and in some occasions price 
level of 2020 was higher than in the previous year (after worst time of pandemic was 
behind). It should be emphasised that travel industry itself also has contributed to the 
situation, which is very difficult. For example, luxury cruise industry companies were 
giving handsome dividends to owners, and completed stock buybacks before the crisis – 
some of the money could and should have been saved for rainy day (Radic et al., 2020). 
As travel industry’s SMEs were the first hit by pandemic, other sectors, like agricultural 
supply chains got in troubles with a delay – many meat-packaging plants have 
experienced shutdowns due to virus infections (Jansen et al., 2020). Also primary sector 
of supply chain, farms (Bochtis et al., 2020), have been argued to be source of infections 
in certain phases (like grading, sorting and classifying products together with farm labour 
contractors). Harvesting of some products, like coffee, has been argued to be in long-
term danger in the new season, not only due to virus restrictions, but also due to lower 
price level of end product and declined global consumption (as restaurants and coffee 
shops are closed or limitedly open; ICO, 2020). In meat markets, we have experienced 
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such development during pandemic that retail prices might be increasing, but farmers 
will get much lower prices than pre-pandemic (Jansen, 2020). This sort of development 
paths in agricultural sector could have very devastating effects on SMEs. 

In developed nations, after the crisis started, there were implemented various 
different tax breaks and financial support mechanisms for the companies suffering the 
effects of pandemic (OECD, 2020b). As Juergensen et al. (2020) emphasised that this is 
only short-term fix, and within medium- to long-term structural changes are needed for 
competences in innovation, internationalisation and networking. For many “stand-alone” 
SMEs Juergensen et al. (2020) see upgrading digital infrastructure and online sales 
channels as vital (similar argumentation, see Liguori and Pittz, 2020; Garcia-Vidal et al., 
2020; Donthu and Gustafsson, 2020). Retraining of employees is also needed. There 
exists already evidence that more agile and data driven reactions are needed, e.g., in 
transportation logistics in the pandemic era. As Loske (2020) illustrates, coronavirus 
infections in certain area of Germany were the biggest driver for the dry product 
(grocery) demand and transportation needs. People are unpredictable in their 
consumption habits as uncertainties are present. Similar findings are present in bike-
sharing research out of Greece during coronavirus pandemic (Nikiforiadis et al., 2020): 
Demand and interest towards shared bikes have not decreased, but people expect much 
higher hygiene levels than before, and are suspicious whether disinfection is currently 
properly managed. However, it greatly affects the opinions, whether person has been 
private car user before or have used public transports in moving around city. 

Fairlie (2020) analysed small business closures in USA within first lockdown 
experienced during spring 2020. Drop rate of 22% of small businesses was recorded in 
April 2020. Three largest decline in number of active businesses could be found from 
“Personal and laundry services” (79%), “Educational services” (39%) and “Art, leisure, 
hotels” (35%). However, manufacturing and logistics were not immune as 
“Manufacturing” faced 11 % decline and Transportation declined twice that rate, 22%. In 
comparison within Europe, forecasted SME business failure rates due to coronavirus 
have nearly tripled in “Accommodation & food service”, “Education” and “Arts, 
Entertainment & Recreation” (Kalemli-Ozcan et al., 2020). However, “Manufacturing” 
has shown nearly doubling in the number of forecasted future bankruptcies, while 
“Transport & Storage” has faced somewhat lower business failure forecasts. Some 
sectors are rather robust among SME companies, like “Electric, Gas & Air Con”, 
“Construction”, “Water & Waste” and “Health & Social Work”. However, these failures 
are still questionable, whether they will realise or not (Eurostat, 2020). Governmental 
support to companies (especially SMEs, direct support and indirect as loan guarantees) 
has been available throughout the Europe, and bankruptcy legislation has been 
temporarily eased during the pandemic (e.g., in Finland delayed payments after March 
2020 cannot be the reason to apply bankruptcy for debtor company, this is effective until 
the end of January 2021).  

As Liguori and Pittz (2020) emphasised that small business owners need to make 
prompt decisions and deal with resource scarcity in the crisis. Even if small businesses do 
not have risk plans, Liguori and Pittz (2020) argued that they have always been 
experiencing challenges, and do know how to navigate through the crisis. One way is to 
over-communicate inside of own company and that with stakeholders (Liguori and Pittz, 
2020; Garcia-Vidal et al., 2020). Also having agility and flexibility in operations is 
important priority (Garcia-Vidal et al., 2020). However, it should be reminded that world 
will not return back to old habits and pre-virus normal life that easily, even if virus 
spread would be tackled in the near future (Donthu and Gustafsson, 2020). Consumer 
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behaviour has changed for long time, and also national governments and regions have 
institutionalised many behavioural models, and they will most probably be used in future, 
whether we have viruses or not (Donthu and Gustafsson, 2020). Threat is coming outside 
of national borders, which is very big challenge for globalisation, economic growth and 
free flow of goods. 

3 Research methodology and environment 

Reported survey of this research work is actually a series of three surveys completed in 
2020. First survey was targeted for largest manufacturing and logistics flow dealing 
companies in Northern Europe (Finland, Estonia, Sweden and Norway), and this took 
place in June 2020 (initial contact and reminders). This survey was not that successful as 
nine responses were received from 885 contacted companies (giving response rate of 
1%). Responses were over-presentation of Finland (six answers), and only few were 
received from other countries (Estonia, two and Sweden, one). We did not receive any 
answers from Norway. Survey for larger companies was actually broader than just 
Covid-19 questions reported in this research, however, these virus-related questions were 
the same with regional surveys completed. One reason for the lack of answering on this 
survey was probably used contact email addresses, which were using corporate 
communications preference of ”info@...”. After the mild success of larger company’s 
survey, smaller regional companies were contacted in two occasions within Finland. In 
the first survey contact companies within manufacturing and logistics in South-East 
Finland were approached (regions of Kymenlaakso and South Karealia). This survey 
took place in June–July 2020. In total 575 contacts were made and it resulted on 53 
answers (response rate of 9.2%). Same survey was completed for Eastern Uusimaa 
region (Porvoo, Loviisa and Vantaa), and concerning the companies in manufacturing 
and logistics. Survey was completed in September and October of 2020. In total 473 
contacts were made, and 26 responses were gained (response rate of 5.5%). Altogether, 
these three surveys resulted on 88 responses gained from the implications of Covid-19 on 
supply chains and logistics. The details of the surveys are presented in Table 1. However, 
in the following analysis, not all companies have responded on all questions as in survey 
there was possibility not to answer in each question, if company felt so. 

Table 1 Survey details 

 First survey Second survey Third survey 

Target region Sweden, Norway, 
Estonia and Finland 

South-East Finland East Uusimaa 

First contact 3rd June 2020 17th June 2020 29th September 2020 

First reminder 9th June 2020 23rd June 2020 5th October 2020 

Second reminder 15th June 2020 30th June 2020 9th October 2020 

Third reminder 22nd June 2020 6th July 2020 14th October 2020 

Fourth reminder 24th June 2020 13th July 2020 – 

Closed on 28th June 2020 17th July 2020 23rd October 2020 

Total recipients 885 575 473 

Total responds 9 53 26 

Response rate 1.02% 9.22% 5.50% 
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Owing the higher rate and amount of answers from regional companies, it is not 
surprising to find out that most of the answers were received from SMEs. However, some 
larger corporations did also take part of our survey, as largest companies had revenues of 
several billion euros. Responses were nearly equally from manufacturing (52%) and 
logistics (48%). As this research is interested to analyse differences between small vs. 
medium-large sized companies, answers were divided by revenue to two different classes 
(based on latest available revenue gained through official financial databases): Smaller 
companies are the ones having revenue below 10 mill. EUR per annum, and medium to 
large companies having above 10 mill. EUR. This follows guidance of European Union 
within classification of companies to different size classes (e.g., Prenaj and Ismajli, 
2018). Division resulted to situation shown in Figure 1 – most of the companies are small 
class representatives (71% or 81%). Medium-large group is having 17 companies (19%). 
Even if this division is biased within answers to small companies, it gives opportunity to 
compare Covid-19 impacts between companies within certain level. 

Figure 1 Frequency of the respondent companies of three surveys within two groups of analysis 
based on annual revenues (in mill. EUR; n = 88) 
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Answers of these three surveys could be considered as reliable and high quality, if 
respondents’ background is taken into account. For the first survey of North European 
companies, we asked respondents working experience and experience within logistics 
issues. Most of the respondents had rather good experience gained (>8 years of 
experience), and they were working in manager or director positions. Regional surveys 
(two latter surveys) were targeted directly to CEOs and directors of these companies, and 
contact information was gained from their websites. 

Situation in companies concerning foreign trade differs as it first of all depends, are 
they having any markets abroad at all (or alternatively they serve domestic markets). 
However, concerning foreign trade, in Finland within first six months of 2020 exports 
declined by 17.3% from same period of 2019 (Finnish Customs, 2020). Imports in turn 
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declined with smaller rate, 12.2%. In Finnish regions of this research, exports declined at 
least with the rate of entire country (actually declines were in some cases much steeper 
due to bigger project deliveries in 2019 and also due to decline of export of forest 
industry products such as writing, printing, book and magazine paper). In imports 
situation was the same – rate was the same with country level or worse. This gives 
further value for our answers as it is coming from harder hit regions. 

4 Empirical data analysis 

Despite the emerged difficulties in transportation due to the ongoing pandemic (e.g., 
travel restrictions, discontinuation of air lanes, congestions at seaports, loss of 
frequencies), the studied companies seem optimistic regarding the development of 
transportation costs. As illustrated in Figure 2, majority (52.87%) of the respondents see 
the increase in transportation costs as not at all likely or less likely. Moreover, it seems 
that small companies hold this belief slightly more (55.71% seeing increase not at all or 
less likely). However, 27.58% of the companies anticipate that their transportation costs 
increase likely or extremely likely. Furthermore, companies responding to extremely are 
mostly those of small, and even in medium and large group of companies, respondent of 
this option is moderately sized (one respondent company, having 20 mill. EUR revenue). 
Surely, the emerged challenges and restructuring of existing transport operations produce 
additional costs for the companies, and in some smaller sized companies these could be 
significant, but according to the sample overall, the increase can be seen as not being 
great. 

Figure 2 Likeliness for the freight transportation cost increase for the respondent company after 
COVID-19 pandemic (n = 87) 
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As can be noted from Figure 3, the sample group perceives no obstacles amid the current 
situation for fulfilling their customers’ needs. Vast majority (80.46%) expect to meet 
their customers’ requirements during the pandemic likely or extremely likely. Small 
companies (41.43%) are not as confident as medium and large ones (70.59%) to predict 
fulfilling customers’ requirements extremely likely. The special circumstances caused by 
the pandemic force companies and customers alike to shift their incumbent operational 
models and behaviours. Still companies do not foresee great difficulties in serving their 
customers on adequate level. Although, smaller companies are somewhat weaker in their 
customer fulfilment. 

Figure 3 Likeliness for being able to meet the customer requirements during the COVID-19 
pandemic (n=87) 

 

Owing the mentioned difficulties in international transport during the pandemic, supply 
chains of longer lead time components will most probably be interrupted. To combat 
these disruptions, companies may increase their buffer inventories for critical 
components to ensure their availability. The respondents were asked for their opinion on 
whether the inventories in their respective industry will be growing or possibly 
diminishing within next five years’ time. As illustrated in Figure 4, majority (61.64%) of 
the companies expect no change in inventory sizes. At the same time, approximately 
third of the respondents (32.88%) anticipate moderate or even significant inventory 
growth. Small companies seem to trust more in preservation of status quo regarding 
inventory sizes (some slight growth prospects), whereas medium and large companies 
expect growth for them. Based on the responses, small to moderate overall growth for 
inventories could be expected. 
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Figure 4 Forecasted inventory sizes change in respondent’s industry during the coming  
five years (n = 73) 

 

The mentioned obstacles for transportation obviously also affect the international 
operations of the respondent companies. While initial impacts of the pandemic may have 
caused temporary halts and alterations in operations, their long-term effects change the 
field of manufacturing and logistics indefinitely. Most probably, the incumbent 
operations will never return to “normal” times before the pandemic. Hence, it is 
important to see in which way companies’ operations are developing. 

The ongoing Covid-19 pandemic has exposed weaknesses in customary structure of 
supply chains, including transport mode selection. The respondents were asked about 
their preferred primary transport mode for Chinese operations (import-export) in 2019. In 
addition, they were to predict primary mode for years 2024 and 2029. The results  
(see Figure 5) indicate that the popularity of railway mode will surge during the coming 
decade as it was preferred by 6.25% in 2019, but was seen as a primary mode by 19.15% 
in 2024 and 28.89% in 2029. While road, sea and air modes were preferred over rail in 
2019, the succeeding popularity of rail comes on the expense of the other modes. It 
seems that by approximately 2% margin, railway is expected to be the primary mode 
towards China by the sample group. In addition, it seems that medium and large 
companies favour other modes over air freight during the coming decade. 

Similarly as regarding China, respondents were asked to list their primary transport 
mode toward Russia, followed by predictions for 2024 and 2029. As illustrated in  
Figure 6, the situation is much more straight-forward concerning Russia. Majority of the 
studied companies used road transport as primary mode in Russian operations, and the 
popularity seems to persist throughout the coming decade. However, conservative growth 
for railways’ popularity can be seen, as the 7.32% share of companies primarily using 
railway mode in 2019 is expected to grow to 17.50% by 2029. 
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Figure 5 Primary mode of transportation used in 2019 and forecasted primary mode in 2024 and 
2029 for the logistics activities in China (2019: n = 48; 2024: n = 47; 2029: n = 45) 

 

Figure 6 Primary mode of transportation used in 2019 and predicted primary mode in 2024 and 
2029 for the logistics activities in Russia (2019: n = 41; 2024: n = 41; 2029: n = 40) 

 

Since the current special circumstances put a dent in the international operations for 
majority of the companies globally, the respondents were asked about continuity of their 
operations in China and Russia. The results for both questions (Figures 7 and 8) were 
quite similar in the sense that both countries gathered dividing views. Large share of 
companies (41.38%) seems to be halting their own operations in China. A group of 
28.81% is contemplating the same in Russia. However, at the same time 43.10% of 
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respondents view continuation of operations in China as likely or extremely likely. In 
Russia, approximately half of the respondents (50.84%) expect the operations to likely or 
extremely likely continue. For both countries, small companies are expecting 
discontinuation (45.65% for China and 31.82% for Russia claiming continuation not at 
all likely), while medium and large companies see it much more likely (41.67% for 
China and 40% for Russia claiming continuation extremely likely). 

Figure 7 Likeliness for continuation of logistics activities in China after the COVID-19 
pandemic (n = 58) 

 

Figure 8 Likeliness for continuation of logistics activities in Russia after the COVID-19 
pandemic (n = 59) 
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While a notable group regarding both China and Russia expressed their willingness to 
discontinue their own operations in these countries, it seems that at the same time the 
supply chain dependencies to these countries shall prevail. In both cases (Figures 9 and 
10) the majority of respondents (regarding China 58.62%; while Russia being 59.26%) 
anticipate that changes in supply chain dependencies toward these countries are not at all 
probable or less likely. However, almost quarter of companies (regarding China 24.14%; 
regarding Russia 24.07%) see structural change in supply chain dependencies concerning 
these countries as likely or extremely likely. 

Figure 9 Likeliness for change in long-term supply chain dependencies to China due to the 
COVID-19 (n = 58) 

 

Figure 10 Likeliness for change in long-term supply chain dependencies to Russia due to the 
COVID-19 (n = 54) 
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Motivation for this research was to figure out the relation between company size to 
survival amid the Covid-19 pandemic. Therefore, Chi-squared testing was employed to 
study whether the answers to the surveys depend on the respondent companies’ size. 
Indeed, some of the survey topics seem to be relative to company size in terms of 
turnover. Overview of the Chi-squared testing results can be found in Appendix A. 

Some of the questions concerning company performance during the pandemic seem 
to be dependent on the respondent company size. Concerning predicted likeliness for 
meeting customers’ requirements, grouping Likert-scale answers to groups of 1 to 4 and 
5, small companies seem to rate it lower (p = 0.03). Also, when using answer groups of 1 
to 3 and 4 to 5, small companies are grading requirement fulfilment lower (p = 0.11). 
Moreover, small companies expect inventory sizes either to remain at the usual levels or 
even diminish, whereas larger companies predict growing inventories (p = 0.02). 

Regarding international operations, with the answer groups of 1 to 4 and 5, smaller 
companies perceive the continuation of Chinese operations less likely (p = 0.04). 
Grouping of 1 to 2 and 3 to 5 yields similar outcome (p = 0.07). Same can be said for the 
Russian operations, with groups of 1 to 2 and 3 to 5 (p = 0.11). Transport mode selection 
towards China seems to also depend on the company size: Larger companies favour other 
transport modes over air freight (p = 0.06). 

5 Discussion 

To further understand the pain of current coronavirus pandemic on smaller companies, 
Table 2 was compiled from “free comment” answers of the surveys completed (this was 
entirely voluntary section, and companies are commenting survey themes based on their 
free will). In general, division in comments is well present between small vs. medium-
large companies of the survey. As could be seen from Table 2, in total seven (7) 
comments were portraying significant effects of virus on their operations and business. In 
medium-large companies, significant effect comments were very few, and they 
concerned about need to increase inventory holdings, quarantine times of trucks at 
borders and managing drop of oil prices. These all are rather operational and could be 
dealt with in supply chains without compromising too much economic sustainability. 
These comments also support the survey empirical data analysis concerning growing 
inventories in the future within medium-large companies. 

Table 2 Free comments from small sized respondents concerning extreme effects 

Category: Can not say / very minor effects Answers #

"Basically meaningless as company only operates in Finland (or Baltic States and Finland)" 14

"There does not exist any effects, and hopefully they will not come."

"Covid‐19 has not really affected our company or logistics, and we do not expect the effects to increase."

"No effect, everything continues as usual, only new thing is wearing protective masks."

Category: Significant Effects Answers #

"Increased costs" 7

"Expansion to new markets is slowed down, when new projects are frozen."

"Sales ordeers probably decrease at least temporarily, if the second wave is significant."

"Availability issues with material purchases"

"Productivity improvements are difficult in virus induced environment."

"Profitability has considerably declined as volumes have disappeared and there is no financial support

from government."

"Markets are less active"  
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However, smaller companies had to worry much deeper and serious business livelihood 
issues. Four comments in Table 2 concern diminishing markets and sales (now or within 
near future). Within short-term some of these comments could be tackled with 
governmental financial support, however, comment in Table 2 highlights that they were 
completely out of governmental support mechanisms. More worrying is the long-term 
sales picture. New projects are frozen and market is less active are not good signs for 
small companies. This sort of situation will freeze easily planned expansions plans within 
forthcoming years, and jobs as well as investments are lost. 

One comment in Table 2 was concerned about increased cost level as another about 
the availability of material purchases. Latter issue was actually in comment field much 
longer, and it emphasised the poor situation of smaller companies within allocation of 
items from bigger factories. Larger customers of course take most of the volume first, 
and availability becomes problematic for smaller companies. Last negative comment in 
Table 2 concerned about productivity improvements – it is actually also very critical for 
long-term success of small companies and economies themselves. Comment highlights 
that it is difficult to implement productivity improvements in current virus induced 
environment. Of course, it is so that productivity improvements do not need to happen all 
the time, however, in long-term productivity is the only factor, which assures our living 
standards and economic growth. 

It should be emphasised that in Table 2 and in general within smaller company 
comments there were many responses, which considered that virus has not had that much 
negative issues for their companies. Actually, these positive comments were double as 
compared to negative ones. In Table 2 are mentioned few comments of this category – 
typically not having any effects or just very minor (like need to acquire and use 
protective equipment). In case of small companies, markets also matter. Typically, most 
important customers are in close proximity (in home country or nearby countries), and 
virus situation in smaller Northern European countries has been rather good as 
comparing to Central Europe, Russia, India or USA. 

6 Conclusions 

Major events in previous decades have transformed business and economics practices 
throughout the world. For example, credit crunch in 2008–2009 started debate about the 
role of companies and corporations as a vital part of societies (e.g., Andersen and 
Skjoett-Larsen, 2009). Therefore, sustainability is nowadays important theme and 
requirement in supply chains, and all major corporations report their practices annually 
through sustainability reports. Similarly, collapse of Soviet empire in 1990s and 
enlargement of World Trade Organisation (WTO) in the following decade resulted in 
enormous globalisation of markets, lower customs tariffs and to the growth of trade 
(Cling, 2014; Baldwin, 2016). We also believe that coronavirus pandemic will result on 
profound and sustained changes in the following decade (Handfield et al., 2020; Fairlie, 
2020). Results of this study highlight possible changes as small companies in 
manufacturing and logistics become even weaker due to the effects of prolonged crisis, 
and aim seems to be just to survive and somehow keep status quo (similar to survival 
argumentation of Liguori and Pittz, 2020). Smaller companies do not see inventories 
increasing that much in their branch as medium and large see some increase ahead.  
In addition, internationalisation plans differ – bigger companies will remain, e.g., in 
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Chinese and Russian markets, while many small companies feel the opposite (this 
supports remedies proposed by Juergensen et al. (2020), that structural changes are 
needed in medium- and long-term for internationalisation and networking). While 
hesitant to continue in China and Russia, small companies still seem to expect 
dependency of supply chains to remain in these countries (could be one form of 
flexibility priority used in the midst of crisis, Garcia-Vidal et al., 2020). Differences were 
also found from fulfilment of customer requirements – medium and large companies 
were really confident in here as smaller gave indication over somewhat of weakness. 
Analyses of written comments of survey from respondent companies further assured 
these survey response findings. In general, findings of this study support in parts earlier 
research of OECD (2020a, 2020b) that smaller companies pay higher business price from 
coronavirus crisis. In written comments of survey some smaller companies reported to 
lack support from government, and impression was that they were left alone. 

It is interesting that both respondent groups indicated that in the following decade 
changes in transportation modes regarding China and Russia will appear. Changes will 
take place especially in the case of China: Railway will be most used as primary 
transportation mode of respondent companies in the end of current decade, or it will be in 
the level of sea transportation. This is profound change as sea transportation is still 
having clearly dominant role in, e.g., container shipping between Europe and China 
(Hilmola and Panova, 2020; United Nations, 2019). It is of course as important with the 
level of change that from where these volumes will arise from. Actually, bigger 
companies showed interest to abandon air freight completely, and having plans to replace 
it with railway freight to/from China (this could also be connected on deeper struggles of 
travel industry, which is connected to airlines and freight services, like mentioned earlier 
in Fairlie (2020); Kalemli-Ozcan et al. (2020). In smaller companies, it is so that railways 
will gain its share from all competing modes. Finding itself is interesting, and gives 
indication that strategic supply chain management is on its way in larger companies, and 
being more sustainable together with avoiding service interruptions of air freight, have 
been considered in details (also detailed analyses have appeared in recent research works 
about Eurasian landbridge, like Bucsky, 2019; Zhang and Schramm, 2020; Hilmola and 
Panova, 2020). We may only conclude that railway transportation mode to China is 
having bright future as bigger companies are showing significant support, and they also 
do have even more significant role within this market in future (as smaller companies 
seem to stagnate). 

As a further research, we see it important to follow the volume and role of air freight 
in the future, especially between Northern Europe and China. Its volume development 
together with that of railways will validate whether findings of this survey research will 
hold. We would also be interested to do further research in smaller companies concerning 
reported weaknesses and indications of stagnation using case studies. Situation needs 
more light and understanding, especially since the effects of coronavirus are still 
unknown as new infection waves are reality throughout the world. It is of course as 
important to understand decision-making basis of bigger companies due to pandemic, 
and this would deserve also further case studies. In addition to these case studies, it 
would be natural to continue to follow crisis survival of SMEs with surveys, and also in 
other countries than Finland (like Baltic States and Sweden). 
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Appendix A: Chi-squared testing 

Likeliness of fulfilling customer requirements with Likert-scale answer grouping of 1 to 
4 and 5: 

Observed frequencies Expected frequencies 

Answer  
scale 

Medium or 
large Small 

Grand 
total 

Medium or 
large Small 

Grand  
total 

1–4 5 41 46 8.99 37.01 46 

5 12 29 41 8.01 32.99 41 

Grand total 17 70 87 17 70 87 

p = 0.03 

Likeliness of fulfilling customer requirements with Likert-scale answer grouping of 1 to 
3 and 4 to 5: 

Observed frequencies Expected frequencies 

Answer  
scale 

Medium or 
large 

Small Grand 
Total 

Medium or 
large 

Small Grand  
Total 

1–3 1 16 17 3.32 13.68 17 

4–5 16 54 70 13.68 56.32 70 

Grand total 17 70 87 17 70 87 

p = 0.11 

Growth or decrease of industry inventory sizes with Likert-scale answer grouping of 1 to 
3 and 4 to 5: 

Observed frequencies Expected frequencies 

Answer  
scale 

Medium or 
large 

Small Grand 
total 

Medium or 
large 

Small Grand  
total 

1–3 7 42 49 10.74 38.26 49 

4–5 9 15 24 5.26 18.74 24 

Grand total 16 57 73 16 57 73 

p = 0.02 

Transport mode selection towards China in 2029 with grouping of air freight and others: 

Observed frequencies Expected frequencies 

Transport 
mode 

Medium or 
large Small 

Grand 
Total 

Medium or 
large Small 

Grand  
total 

Others 12 25 37 9.87 27.13 37 

Air 0 8 8 2.13 5.87 8 

Grand total 12 33 45 12 33 45 

p = 0.06 
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Likeliness for continuation of Chinese operations with Likert-scale answer grouping of 1 
to 4 and 5: 

Observed frequencies Expected frequencies 

Answer  
scale 

Medium or 
large 

Small Grand 
total 

Medium or 
large 

Small Grand total 

1–4 7 39 46 9.52 36.48 46 

5 5 7 12 2.48 9.52 12 

Grand total 12 46 58 12 46 58 

p = 0.04 

Likeliness for continuation of Chinese operations with Likert-scale answer grouping of 1 
to 2 and 3 to 5: 

Observed frequencies Expected frequencies 

Answer  
scale 

Medium or 
large 

Small Grand 
total 

Medium or 
large 

Small Grand  
total 

1–2 3 25 28 5.79 22.21 28 

3–5 9 21 30 6.21 23.79 30 

Grand total 12 46 58 12 46 58 

p = 0.07 

Likeliness for continuation of Russian operations with Likert-scale answer grouping of 1 
to 2 and 3 to 5: 

Observed frequencies Expected frequencies 

Answer  
scale 

Medium or 
large Small 

Grand 
total 

Medium or 
large Small 

Grand  
total 

1–2 3 19 22 5.59 16.41 22 

3–5 12 25 37 9.41 27.59 37 

Grand total 15 44 59 15 44 59 

p = 0.11 
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A B S T R A C T

The concepts of openness and sustainability have both enjoyed an increasing popularity in recent scientific 
literature. However, research has yet to fully utilize their combination and the potential carried toward devel-
oping strategies and policies toward solving complex sustainability issues. The primary objective of this paper is 
to identify and describe the theoretical connections between sustainability and open innovation. We investigate 
the structural and statistical aspects of recent open innovation literature in search of signs of sustainability using 
bibliometric metadata and perform a content analysis of articles relevant to Sustainable Open Innovation. Our 
findings indicate that despite a lack of institutionalized use of sustainability-related keywords, circa nine per cent 
of the sample articles materially discuss aspects of sustainability or societal concerns from various perspectives, 
but also lack a holistic and unified approach. As our primary contribution, we shift the level of inquiry in 
Sustainable Open Innovation research from an organizational-level toward a multi-level system understanding, 
situating our findings regarding open and sustainable forms of innovation present in the literature as a frame-
work containing the individual, organizational, city, and regional levels and their interconnections.   

1. Introduction 

Concerns around sustainability issues are complex and ever-growing 
(Bansal, 2019; Whiteman et al., 2013). These problems tend to be sys-
temic, and solving them requires collaborative efforts (Bowen et al., 
2018; George et al., 2016; Slawinski and Bansal, 2012). Open Innovation 
(OI) provides one framework for organizing such collaborative efforts. 
For several years already, organizations such as OpenIDEO have been 
organizing OI-based initiatives for solving complex sustainability chal-
lenges. Where does the research on this issue stand? 

Setting the stage for this line of inquiry Bogers et al. (2020) intro-
duced the concept of Sustainable Open Innovation (SOI). They define SOI 
as “a distributed innovation process which is based on purposively managed 
knowledge flows across organizational boundaries, using pecuniary and 
non-pecuniary mechanisms in line with the organization’s business model, 
thereby contributing to development that meets the needs of the present 
without compromising the ability of future generations to meet their own 
needs” (p. 1507). Their definition combines the core elements of the 
traditional definitions of OI, linking them with the Brundtland (1987) 
definition of intergenerationally considerate sustainable development. 

OI and sustainability appear to be intrinsically connected through a 
shared necessity of understanding openness at the broader system level. 
Although considerable research has been dedicated to both fields 
separately, their interconnections remain poorly understood. Despite 
the recent emergence of the SOI concept and other alternative frame-
works investigating the connection points between sustainability and 
open innovation practices—such as Open Sustainable Innovation (Cappa 
et al., 2016) and Open Social Innovation (Chesbrough and Di Minin, 
2014)—a broader and more general understanding of this area of 
research remains underdeveloped. To date, research dedicated to this 
area has mainly focused on the organizational-level regarding e.g., op-
portunities arising for product development (Cappa et al., 2016), social 
innovation in non-profit organizations (Chesbrough and Di Minin, 
2014), and most recently on “how open innovation can effectively drive 
innovation activities to address a stated sustainability objective” (Bogers 
et al. 2020, p. 1506). We frame this study on the latter perspective, 
combined with the potential of openness as a tool for engaging actors to 
interact across various levels within socio-technical systems (Farla et al., 
2012; McMeekin and Southerton, 2012). In doing so, we seek to advance 
existing understanding of SOI by moving our frame of reference beyond 

Abbreviations: LDA, latent dirichlet allocation; LL, living lab; MCN, minimum cost pathfinder network; RWB, random-walk betweenness; SOI, sustainable open 
innovation; SLL, sustainable living lab. 
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the organizational-level toward situating SOI as a component of a 
broader system of actors, where each system layer individually contains 
a portion of the seeds necessary to develop solutions for resolving 
complex sustainability issues. 

Our objective is to better describe the theoretical connection points 
between sustainability and OI. Developing a better understanding of the 
link between sustainability and OI is needed to address both managerial 
and policy concerns. Managers are constantly faced with external 
stakeholder pressures to address sustainability concerns (Kassinis and 
Vafeas, 2006; Watson et al., 2018) and therefore need to continuously 
innovate for sustainability. Simultaneously, policymakers need ways to 
effectively incentivize the right types of (open) innovation activities at 
various policymaking levels (Söderholm et al., 2019). To date, sustain-
ability issues still tend to be seen more as policy rather than business 
problems. Regardless, both are valuable perspectives that can be 
informed through an improved understanding of the dominant links 
between sustainability and OI. We study this link with a bibliometric 
approach, measuring both structural and statistical aspects of 
language-use in contemporary scientific literature using the keyword 
‘open innovation’ and a subsequent content analysis of articles identi-
fied as materially relevant to our research focus on SOI. 

Based on our empirical findings and content analysis, we develop a 
multi-level theoretical framework conceptualizing levels of SOI and 
their interactions. Our findings contribute to advancing the SOI research 
agenda by displaying the dominant trends in OI research, and by 
demonstrating which of those OI-trends are primarily associated with 
addressing various sustainability issues. We also show how SOI practices 
tend to correspond primarily to open collaborative innovation research 
within the broader body of OI research. Our findings contribute to the OI 
literature by underscoring how the open collaborative innovation sub- 
stream is relatively dominant for addressing sustainability issues. 

We structure the paper as follows: in Section 2 we present a brief 
overview of previous literature related to open collaborative innovation, 
sustainable open innovation, and a multi-level perspective on OI. In the 
next Section 3, we describe our methodology. We then present and 
discuss our findings in Section 4, which we finalize by outlining our 
theoretical framework under Section 4.2, discussing the limitations of 
our study and future research opportunities arising from our findings in 
sub-Section 4.3. Section 5 concludes the paper, including a discussion of 
the resulting managerial and policy implications. 

2. Theoretical background 

2.1. Open collaborative innovation 

The openness perspective has revealed a different way of thinking 
about innovation. Successful innovation today is considered more the 
product of a network of actors than individuals or organizations alone. 
Chesbrough’s (2003) concept of OI is one of the most popular currently 
studied branches of innovation management. On the firm-level, OI im-
plies that firms should leverage their in-house inventions outside their 
organizational borders concurrently with exploiting ideas existing in a 
firm’s external environment (Chesbrough, 2003). From this standpoint, 
firms can not reach superior performance innovating only from within. 
Instead, to innovate effectively and efficiently they must collaborate 
with other actors and leverage their networks (Arlbjørn and Paulraj, 
2013; Manceau et al., 2012). 

OI research is typically classified to inbound or outbound OI (Ches-
brough and Crowther, 2006). Inbound OI relates mainly to sourcing and 
leveraging technologies and knowledge made by others (Spithoven 
et al., 2010), while outbound OI implies a search for external organi-
zations better suited to commercializing internally developed technol-
ogies (Chesbrough and Crowther, 2006; Spithoven et al., 2010). 
Inbound OI practices include e.g., joint ventures (Enkel et al., 2009), 
crowdsourcing (Cappa et al., 2019; de Mattos et al., 2018) or innovation 
contests (Terwiesch and Xu, 2008). In turn, examples of outbound OI 

practices include out-licensing (Hu et al., 2015) and the sale of inno-
vation projects (Bianchi et al., 2011) among others. 

Open collaborative innovation is a sub-type of OI combining knowl-
edge inflows and outflows i.e., inbound and outbound OI processes 
(Bogers, 2012). In this paper, we concentrate on open collaborative 
innovation practices involving multiple actors sharing ideas, knowledge, 
expertise, and opportunities (Kodama, 2015; Sørensen and Torfing, 
2016). Examples of such practices include living labs (Leminen et al., 
2020), joint R&D projects (Du et al., 2014) and supplier involvement in 
new product development (Johnsen, 2009). Collaboration with different 
partners enhance innovativeness due to the diversity of knowledge to be 
shared and combined, thereby enabling the collaborators to fill out their 
initial knowledge gaps and skill endowments (Nieto and Santamaría, 
2007). All in all, open collaborative innovation carries the potential to 
drive innovation by combining complementary sets of knowledge, skills, 
and ideas, sharing the risks and costs associated with the innovation 
process, and offering more comprehensive results assessments by larger 
groups of actors. 

Although OI has gained much traction at the firm level (Wang et al., 
2015), it has also attracted attention at the individual (Locatelli et al., 
2021) and ecosystem levels. The latter can be further classified into 
international systems (Wang et al., 2012), network (Lyu et al., 2019), 
and geographic clusters (Nestle et al., 2019). Similarly, the narrower 
concept of open collaborative innovation has also been approached from 
different levels of analysis. The roots of the individual level of collabo-
rative open innovation lie in ethnography, psychology, and social 
network analysis. Open collaborative innovation allows for the devel-
opment of synergetic effects by combining ideas related to distinct 
pieces of knowledge and experience within teams of individuals (Taylor 
and Greve, 2006). As at the individual level, actors at the organizational 
level combine their ideas, knowledge, skills, experience, and resources 
to achieve innovative products, services, or processes. For instance, 
Lorenzoni and Lipparini (1999) emphasized that firms possessing the 
relational capability to interact with other firms can accelerate their 
access to and transfer of knowledge and—as a result—their innovative 
performance. Lastly, open collaborative innovation at the system level 
includes cooperation towards innovation occurring at the larger in-
dustry, regional, national, or global levels (Lee et al., 2020; Semi-
tiel-García and Noguera-Méndez, 2012; Shapiro et al., 2010). 

2.2. A multi-level perspective on open innovation 

Adopting a multi-level perspective opens up new opportunities for 
theory development and allows for a more holistic and rigorous un-
derstanding of innovation processes (Geels, 2005). The standard 
multi-level perspective on system innovation was introduced by Geels 
(2002, 2005), according to whom system innovations include simulta-
neous short- and long-term processes occurring on multiple dimensions. 
These processes must link and reinforce each other for successful system 
innovation. Geels’ multi-level perspective is closely related to an 
evolutionary view, which implies unfolding and creating new combi-
nations leading to novel paths and trajectories (Geels, 2002). The 
traditional multi-level perspective has often been adopted in the 
conceptualization of path-breaking innovations (e.g. Geels, 2005; 
Markard and Truffer, 2008; Walrave et al., 2018). From this standpoint, 
the multi-level perspective is essential for a thorough understanding of 
technological transitions and socio-technical transformations resulting 
from introducing radical innovations to the market (Markard and 
Truffer, 2008). 

In contrast to this traditional multi-level perspective, our primary 
focus is on understanding how innovation processes at different levels 
converge and combine to create synergies. Drawing on-but differenti-
ating from-the traditional view by Geels, instead of discussing the 
emergence of new technological regimes, we focus on the transitions of 
innovation practices across levels of analysis. While the traditional view 
primarily focuses on processes related to the diffusion of radical 
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innovation, we adopt a multi-level logic to holistically analyze OI pro-
cesses and how they span across levels of analysis. 

The number of studies adopting a multi-level-like logic on OI is 
limited (Lee et al., 2020). Chesbrough et al. (2006) proposed five levels 
of OI analysis that include (i) individuals and groups; (ii) firms/orga-
nizations; (iii) inter-organizational value networks; (iv) industries and 
sectors; and (v) national institutions and innovation systems. These 
levels have tended to be exploratory rather than explicit requiring 
further research and conceptualization (Chesbrough and Bogers, 2014). 
For instance, society at large (Chesbrough and Bogers, 2014), commu-
nities (Chesbrough, et al., 2006), or cities (Cohen and Muñoz, 2016) are 
not mentioned in this classification, but may be considered as separate 
levels of analysis. While Chesbrough and Bogers (2014) stated the 
importance of understanding interactions across levels of analysis, they 
noted a lack of related empirical and theoretical research. In this study 
we therefore draw on, combine, and refine the Chesbrough et al. (2006) 
classification of OI levels with our multi-level logic, conceptualizing 
interactions between levels and diffusion of innovation practices across 
system levels. 

2.3. Sustainable open innovation 

Innovation does not automatically lead to societal progress, better 
quality of life, or sustainable development. In fact, new technologies 
may aggravate sustainability problems by e.g., magnifying consumer 
needs (Vollenbroek, 2002). Regardless, innovation has great potential 
toward sustainability-oriented transformation in individuals, organiza-
tions, and communities (Silvestre and Ţîrcă, 2019). There is a growing 
body of research proposing various ways to combine sustainable 
development and innovation. For instance, sustainability-oriented 
innovation implies introducing changes to an organization’s philosophy 
and values-as well as to its products, processes or practices-to create and 
realize social and environmental value in addition to economic returns 
(Adams et al., 2016). On the other hand, sustainability-driven innovation 
highlights the importance of the stakeholder effect, emphasizing the 
significance of stakeholder pressures forcing businesses to embrace 
sustainability (Kiron et al., 2013). 

Sustainability challenges have been traditionally understood as 
related to three standard dimensions of sustainability: economic pros-
perity, social equity, and environmental integrity (Bansal, 2005). The 
sustainability perspective has been introduced into the OI context rela-
tively recently. For instance, Cappa et al., (2016) introduced the concept 
of Open Sustainable Innovation, which implies OI principles can be suc-
cessfully utilized to develop more sustainable products. Bogers et al. 
(2020) introduced another concept-Sustainable Open Innovation (SOI)--
building on the notion that innovation processes should be organized in 
a manner fulfilling the needs of the present without compromising the 
ability of future generations to meet their own. Chesbrough and Di 
Minin (2014) proposed an alternative framework of Open Social Inno-
vation, concentrating on the relationship between social innovation and 
OI mainly in a non-profit context. Lastly, a number of empirical studies 
have attempted to identify the relationships between innovation per-
formance and environmental, social, and economic sustainability (e.g. 
Michelino et al., 2019; Rauter et al., 2019). 

In our study we adopt the Bogers et al. (2020) SOI concept for several 
reasons. Firstly, collaboration is integral to SOI. Establishing OI prac-
tices as sustainable requires the development of win-win solutions, 
which are difficult to achieve without collaboration among multiple 
stakeholders (ibid.). Although some SOI solutions can result from single 
actor efforts, open collaborative innovation is essential for achieving 
scalable solutions (ibid.) and expansion to other levels. Secondly, the 
SOI concept demonstrates the transfer of sustainable OI practices from 
the individual to the organizational level (ibid.), corresponding to our 
multi-level logic. Finally, although the Bogers et al. (2020) SOI defini-
tion implies an organizational level of analysis, we suggest it can be 
applied on a broader scale, spanning e.g., city or regional levels. 

3. Methodology 

This section presents a brief account of our methods. We begin with a 
short introduction describing our analyses and process of triangulation. 
We then describe our data collection process and follow with a detailed 
description of the analyses. 

In order to expand the current state of knowledge and contribute to a 
better understanding of the phenomenon, we analyze the empirically 
identified interconnections between the two literatures. Based on our 
review of identified past literature and empirical analysis, we propose a 
theoretical framework combining our findings regarding open and sus-
tainable forms of innovation. 

Our methodology consists of two distinct but interrelated stages. 
Firstly, we conducted a bibliometric analysis to understand how sus-
tainability is positioned in recent OI research. We applied bibliometric 
methods because of their relative objectivity and ability to sift through 
results in a more automated and relatively unbiased fashion. Secondly, 
we performed a content analysis of sample papers that materially discuss 
both sustainability and OI. Content analysis reduces research bias and 
enhances the reliability and validity of the constructs under investiga-
tion (Yawar and Seuring, 2017). 

Our empirical design draws on scientometric approaches of mapping 
science (Callon et al., 1983) and the sociological underpinnings of lin-
guistics in organizational theorizing (Alvesson and Kärreman, 2000). 
This approach combines contrasting views arising from the structural 
characteristics of language (Mohr, 1998) as they occur in network vi-
sualizations and metrics to results arising from a topic model repre-
sentative of a “statistical model of language” (DiMaggio et al. 2013, p. 
577). 

We triangulate across units of analysis to “obtain corroborating ev-
idence from using a variety of methods” (Scandura and Williams 2000, 
p. 1249) in two primary ways: (i) by using two related sets of units of 
analysis arising from the same data, and (ii) “between methods” (Jick 
1979, p. 602) by using a combination of structural and statistical rep-
resentations in our analysis. We do not triangulate over different data 
sets, but rather analyze one set of data at two distinct levels using 
multiple methods. This layered investigation of language-use affords 
insights into distinct levels of cognitive usage-namely over the degree of 
its institutionalization-allowing us to analyze results on a continuum 
ranging from specificity to generality. 

To do so, we produce two structural (network) representations of text 
through (i) a co-word analysis (of keywords) and (ii) a term map (of 
titles and abstracts, referred to as documents throughout). As a statis-
tical representation, we produce a topic model over documents. The 
triangulation process allows us to compare layers of cognitive structures 
inhibiting the same space: the institutionalized use of keywords against 
the more informal terminological choices exercised in documents. The 
primary purpose of the triangulation process is to increase the inter-
pretive validity of our findings. The end result is an adjusted method-
ology combining pre-existing methods, mirroring each layer of 
investigation against two others forming a type of ‘interpretive glue’ 
aiding in the assessment of the validity of claims (DiMaggio, 2015; 
DiMaggio et al., 2013) made based on any of the individual analyses 
alone. While each of these methods are powerful modes of analysis in 
their own right, their use in conjunction allows for a more fine-grained 
analysis strengthening the validity of drawn inferences and in-
terpretations. Fig. 1 shows an overview of the applied methodology 
including a legend explaining the nomenclature. 

We show the resulting structural representations as pathfinder net-
works (which have further been independently used as a method for 
cognitive and linguistic mapping among other uses), and display the 
statistical representation’s artefacts as tables and strategic diagrams. 

3.1. Data collection 

We chose to collect data from ISI Web of Science (WoS) as it 
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generally indexes high quality journals with a wide coverage (Martín--
Martín et al., 2018). The quality of indexed journals was an important 
criterion for us as we chose not to restrict the journal set to e.g. 
top-ranked management journals but focused rather on discovering the 
adoption of the query term across disciplines. Our sample is therefore 
representative of a population of multidisciplinary research-utilizing the 
concept of OI-which has gained early institutional acceptance in various 
disciplines as indicated by citations received relatively shortly after their 
publication. We collected the data in June 2019 using the search phrase 
“Open Innovation” in the field “Topic,” selecting the 500 most cited ar-
ticles from the latest five years. Upon confirmatory inspection, we 
noticed one of the articles was marked retracted and subsequently 
removed it, resulting in a final sample of 499 records. The sample 
therefore included circa twenty-five per cent of the most cited articles 
utilizing the search term in the period as indexed in the WoS Core 
Collection. 

We extracted the full text of all documents identified as sufficiently 
related to sustainability in the sample based on our empirical findings 
and retained them for further content analysis. We identified these 
documents through topic-related keywords, topic distribution associa-
tions, and qualitative readings of all 499 abstracts. All three authors read 
the full texts of the identified articles, and articles were eliminated from 
content analysis if any of the authors considered them insufficiently 
related. The main selection criterion was that each article should bear a 
clear reference to a non-economic sustainability dimension in addition 
to economic sustainability. 

In total we retained 45 documents (≈ 9% of sample), with totals of 
477 citations, 503 keywords, and an average of 3.8 citations per year for 
content analysis. Most of these articles were published in sustainability- 
focused journals (≈ 47%), with technological or innovation focused 
journals trailing slightly (≈ 33%). The remaining documents have been 
published in other general management journals (≈ 7%) or in miscel-
laneous other publications (≈ 13%). 

3.2. Structural representations 

3.2.1. Co-word analysis and term mapping 
Co-word analysis over signal-words (Rip and Courtial, 1984)-such as 

keywords-extracts co-occurring terms in and between documents (Cal-
lon et al., 1983). We perform co-word analysis over keywords yielding 
an interpretation rooted in institutional formalisms engrained in the 
professional habits observed in specific fields. The function of 
signal-words is to guide readers toward a desired direction, but their 
effective use is contingent on the general acceptance of such words in 
the field (Rip and Courtial, 1984). 

Conversely, text in titles and abstracts is only moderately institu-
tionalized, allowing for a greater variety of generating latent linkages 
between terms. Term maps visualize the conceptual structures of 
corpora by displaying relationships of terms, i.e. domain-specific 

concepts that are not necessarily keywords but can be automatically 
derived from abstracts (van Eck and Waltman, 2011; 2014; van Eck 
et al., 2010). As term maps rely on detecting semantic units with a high 
degree of distinctiveness—i.e. high termhood (van Eck et al., 2010)— 
they reveal cognitive structures with an arguably increased degree of 
objectivity in use, offering potentially deeper insights into the under-
lying substantive meanings and contexts. 

3.2.2. Minimum cost pathfinder networks 
We produce minimum cost pathfinder networks (Chen and Morris, 

2003; Schvaneveldt et al., 1989, MCNs) over both units of analyses as 
their structural representations. MCNs reduce a network structure to 
retain only globally optimal links given minimum parameters (Borner 
et al., 2003; Chen and Morris, 2003). The technique is grounded in graph 
theory and cognitive psychology, and has been traditionally applied to 
mapping various knowledge structures consisting of conceptual re-
lations (Schvaneveldt, 1990). 

Prior to reducing the networks to MCNs, we calculated the central-
ities of terms and keywords. To measure centrality, we use random-walk 
betweenness (RWB)-a variant (Newman, 2005) of the traditionally 
geodesic-based shortest path measure of betweenness centrality 
(Freeman, 1978)-to determine the global flow-points enabling and 
facilitating the exchange of ideas between clusters of terms and keyword 
topics. We further used modularity optimization (Blondel et al., 2008; 
Waltman et al., 2010) to cluster the community structures of the 
co-word and term networks. The resulting clusters can be interpreted as 
topics arising from the most closely related terms or keywords within the 
corpora. The interpretation thus varies slightly between units of 
analysis. 

3.3. Statistical representation 

3.3.1. Discovering latent topics 
As a statistical representation of documents, we produce a Latent 

Dirichlet Allocation (LDA) (Blei et al., 2003) based topic model. LDA is a 
generative probabilistic model where individual documents are 
considered random mixtures of latent topics, and individual topics are 
understood as distributions over terms (Blei et al., 2003). LDA is useful 
for statistically inferring the ‘hidden’ topics underlying text corpora 
(Blei et al., 2003). We use the resulting topic distribution to illustrate 
how documents qualitatively determined as related to sustainability are 
distributed across the overall topics. 

LDA allows us to group documents of interest within latent topics, as 
well as to discover terms shared between topics and the relevance of 
terms within topics (Sievert and Shirley, 2014). In practice, these two 
types of mixed membership (Hannigan et al., 2019) distributions allow 
us to discover relationships at multiple levels of analysis, relating e.g. 
documents by their topic memberships, or topics by their shared words 
and terms. The downside of topic models tends to be human interpret-
ability, where statistically optimal models typically do not result in the 
most meaningfully interpretable topics (DiMaggio, 2015; DiMaggio 
et al., 2013; Hannigan et al., 2019). The standalone use of topic models 
is therefore subject to some scrutiny in interpretation, and as there may 
not be a best fit model at all in terms of a single metric to choose the right 
models from, DiMaggio (2015) suggests the resulting interpretive un-
certainty may not always be met with singular enthusiasm. 

For ease of interpretation, we further analyzed the model using 
pyLDAvis, a Python-port of the R-package LDAvis (Sievert and Shirley, 
2014). pyLDAvis allowed us to visualize the resulting topic distribution 
with multidimensional scaling and enabled the exploration of the un-
derlying model in detail at various levels of relevance λ. Various values 
of λ were used to explore tangents of the vector space underlying the 
topic-term distribution by alternating between lift—i.e. the “ratio of a 
term’s probability within a topic to its marginal probability across the 
corpus” (ibid., p. 65)—and saliency, which weighs terms according to 
their distinctiveness within a topic (Chuang et al., 2012). λ= 0 displays 

Fig. 1. Overview of the applied methodology.  
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terms strictly according to saliency, while λ= 1 displays them strictly 
according to lift. We labelled our topics with the most distinctive 
theoretical term at λ= 0 to avoid subjective choices arising from quali-
tative labelling efforts. Values of λ between 0 and 1 provided mixed and 
richer representations of topic structure, which we used to derive rele-
vant terms within topics. 

4. Results and discussion 

In this section we present and discuss the results of our analyses, 
describe the topics and literature discovered, and visualize the MCNs 
over keywords and terms. We first briefly describe aspects of the sample 
in terms of composition and relevance to the investigation. We then 
display and discuss the keyword and term networks and move on to 
discuss details of the topic distribution unveiled by LDA. We conclude 
the section by outlining our multi-level theoretical SOI framework. 

4.1. Unfolding conceptual layers 

Fig. 2 displays the co-word MCN representing the institutionalized 
and formal use of keywords over the search space. We find two central 
keywords of interest that may indicate permeability of sustainability 

considerations within the network: ‘systems’ and ‘future.’ Their closest 
associations to ‘management’ and ‘design’ would suggest that designing 
efficient management systems is related to the generic notion of future. 

In the strongest-link neighborhood, the other closest terms are 
‘framework,’ ‘strategy,’ and ‘networks,’ last of which is directly con-
nected to ‘innovation management’ and ‘biotechnology.’ This local 
group may be the closest clue toward sustainability in the co-word MCN. 
Slightly less relevant keywords are ‘value creation’ and ‘governance’ 
which we find in the context of ‘performance.’ None of these concepts 
are particularly central in the network and are not found on key paths 
between other significant concepts. In addition to these keywords, there 
appear to be no clear indicators of sustainability in the network. We did 
not find any occurrences of the identified topic-relevant keywords in this 
network, suggesting that albeit various aspects of sustainability have 
been discussed, a single consistent strand is lacking within the space. 

Analyzing the co-occurrence of terms over documents, we find more 
concepts of relevance to our investigation in the term map MCN in Fig. 3. 
The network contains the explicit term ‘sustainability’ with strongest 
associations to ‘management,’ ‘time,’ and ‘entrepreneurship.’ The latter 
two are therefore likely to be among the core concerns relating sus-
tainability to OI research. 

Other notable terms include ‘crowdsourcing’ and ‘co-creation.’ This 

Fig. 2. Co-word minimum cost network. Node sizes represent random-walk betweenness values; node shape and greyscale shade combinations represent clusters 
of topics. 

Fig. 3. Term map minimum cost network. Node sizes represent random-walk betweenness values; node shape and greyscale shade combinations represent clusters 
of topics. 
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subset of nodes is connected to the remainder through ‘organization,’ 
which in turn connects alternate paths between ‘network’ and ‘activity.’ 
Another set of terms belonging to the same topic are centered on 
‘community,’ with the notion of ‘stakeholders’ connecting primarily to 
‘project.’ This term cluster is also characterized by mentions of quali-
tative methods via included terms such as ‘interview,’ ‘case,’ and ‘case 
study.’ Other concepts of interest within this cluster are ‘platform,’ 
‘city,’ ‘lab,’ ‘product,’ ‘service,’ and ‘business model.’ Table 1 displays 
and compares the topmost central terms in both networks, showing the 
differences in focus between formal and less formal representations. 
Whereas the institutional representation seems to consist of largely R&D 
performance and absorptive capacity, the abstract suggests that the 
latent focus in these articles is heavily centered on strategy. Only the 
terms ‘performance’ and ‘networks’ are present among the most central 
terms in both layers. 

Table 3 shows a sampling of the topic-term distribution from the LDA 
model, where we find that the most prevalent topic by number of 
assigned documents (5) is both saliently and frequently characterized by 
the terms ‘sustainability’ and ‘sustainable,’ while being centered on the 
term ‘co-creation.’ The other salient and contextually relevant topic (4) 
is centered on the term ‘social innovation’ and accompanied by ‘open 
business models’ and ‘open social innovation.’ 

Table 2 displays the conditional probabilities of documents observed 
as sustainable (or not) belonging to specific topics, with Fig. 4 displaying 
these conditional probabilities against each other yielding indicators of 
their biases with respect to the related documents, classified as sustain-
able with the remaining corpus labelled as not sustainable. We find that 
the topic centered on ‘co-creation’ (5) includes the majority of the 
documents discussing sustainability, with topics labelled ‘smart city’ (1) 
and ‘quadruple helix’ (8) also displaying a degree of focus on 
sustainability-related documents. We further note that the topics 
labelled ‘absorptive capacity’ (9) and ‘SMEs’ (7) appear by far the least 
concerned with sustainability-related conversations. It is also interesting 
that the topic labelled ‘social innovation’ (4) appears largely neutral. 

In the aggregate, we find that the institutionalized terminology 
contains little to no references to sustainability considerations, despite a 

≈ 9% representation of qualitatively determined sample documents 
discussing one or more aspects of sustainability. However, in unfolding 
the informal contents of the documents through term mapping and topic 
modelling, we find an inconsistent but relatively diffused use of 
sustainability-related terminology across the same corpus. 

In Fig. 5 we display inductively derived relationships between the 
identified latent topics (represented as numbered white nodes, numbers 
standing for the latent topic identifier with its label term as text) and the 
posited levels (represented as grey nodes) in our SOI framework. The 
white topic nodes are sized according to each topic’s marginal proba-
bility, so that larger topic nodes are more prevalent in the sample. We 
postulate relationships occurring both between latent topics, and be-
tween latent topics and levels of analysis. Each relationship is labelled 

Table 1 
Top central terms across networks.  

Emerging or informal terms RWB ratio Institutionalized formal terms RWB ratio 

STRATEGY 1.00 PERFORMANCE 1.00 
EFFECT 0.81 ABSORPTIVE CAPACITY 0.93 
VALUE 0.75 R&D 0.90 
ACTIVITY 0.73 KNOWLEDGE 0.51 
RELATIONSHIP 0.73 FIRM 0.48 
ORGANIZATION 0.68 NETWORKS 0.44 
PERFORMANCE 0.65 IMPACT 0.42 
OPENNESS 0.62 INNOVATION 0.37 
COMMUNITY 0.61 TECHNOLOGY 0.32 
NETWORK 0.61 PERSPECTIVE 0.28 

Note: Informal terms arise from the term map, while formal terms are the product of the co-word network. The columns were normalized by dividing column items with 
the maximum column value. 

Table 2 
Topic distribution over documents.  

Topic (T) n docs with dominant membership % of total distribution n docs sustainable (s) n docs not sustainable (ns) P(T|s) P(T|ns)

1 75 13.27% 5 70 0.11 0.15 
2 9 2.49% 2 7 0.04 0.02 
3 44 8.95% 2 42 0.04 0.09 
4 36 8.39% 4 32 0.09 0.07 
5 90 17.03% 17 73 0.38 0.16 
6 40 8.27% 3 37 0.07 0.08 
7 29 6.13% 0 29 0.00 0.06 
8 29 6.48% 7 22 0.16 0.05 
9 89 17.26% 1 88 0.02 0.19 
10 58 11.72% 4 54 0.09 0.12  

499 100% 45 454 1.00 1.00  

Fig. 4. Strategic diagram of conditional probabilities of documents observed as 
sustainable (x-axis) or not sustainable (y-axis) belonging to topics sized by their 
marginal probability and labelled by topic numbers. Note that the marginal 
probability of a topic also dictates the maximum shared distance from the axes. 
The dotted cut-off lines represent two naïve reference assumptions for inter-
pretability: (1) a 1/10 expectation assuming indicators of sustainability are 
uniformly distributed across topics, and (2) that the topics themselves are 
uniformly distributed. 
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with an inferred connection based on a combination of empirical evi-
dence primarily from the statistical representation of abstract-title 
combinations and the content analysis of the 45 articles identified as 
materially relevant to SOI. 

4.2. Sustainability, innovation and openness: towards a multi-level 
framework 

In this section, we review the relevant literature on Sustainable Open 
Innovation (SOI) discovered based on the analysis detailed in the pre-
vious sections. We synthesize the most prevalent concepts and topics 
from these articles and relate them to the topic distributions from the 
statistical topic model. Based on the analysis conducted we develop a 
multi-level conceptualization of levels of SOI intended as a basis for 
further theoretical advancements and empirical research. 

The concepts of sustainability and openness are paired. System-level 
sustainability requires transparency about its processes and underlying 
motives. Openness allows us to notice errors and modify strategic 
choices, as transparency invites feedback and increases reliability. 
Simultaneously, because of its nature, openness facilitates innovation 
due to its inseparability from knowledge transfer and creativity. We 
enhance the understanding of how SOI practices exist at various levels 
and how they interact across levels. Our framework provides a holistic 
viewpoint on the SOI phenomena and allows us to analyze the impli-
cations of SOI in different systems existing at the individual, organiza-
tional, city, and regional levels (Fig. 6). 

4.2.1. Sustainable open innovation at the individual level 
The root level of SOI identified in our analysis is the individual level. 

Often, people pursuing innovative activities pave the way for more 
complex, large-scale OI projects. Individual- and team- based 

sustainable innovation need not be generated inside the organization’s 
borders (e.g. firm, university), but, the participating individuals may be 
members of particular social units embedded in organizations. The 
individual-level of SOI involves open collaboration with a shared aim of 
innovative co-creation not confined to the boundaries of any specific 
establishment. 

As reflected in the Fig. 5, knowledge integration is an essential 
process in SOI at the individual level and it implies sharing tacit 
knowledge, which is often ambiguous, abstract, and rooted in personal 
values, talents, and beliefs. The peculiarity of SOI at this level is that 
while individuals innovate on the basis of personal experiences and 
needs, they also do so for the benefit of others to improve the environ-
mental, social or health condition and well-being of a community or 
larger society (Nielsen et al., 2016). For example, in the study of sus-
tainable service development, households interested in innovative 
heating practice development were motivated by the need for an energy 
efficient solution for warming indoor spaces (Liedtke et al., 2015). 

Another interesting SOI practice at the individual level are sustain-
ability jam sessions. This concept-centered on the idea of organizing 
creative meetings between experts in the form of “jam sessions,” similar 
to jamming used in music to support the composer’s creativity for 
songwriting-was introduced by Carlsson et al. (2015), who argue such 
sessions are a useful tool for creating an OI space where industry prac-
titioners can share knowledge and experience, while communicating 
with researchers and sustainability professionals toward solving sus-
tainability challenges. 

Lastly, Nahi (2016) highlights the importance of engagement of 
companies entering the base of the pyramid market into direct personal 
relationships between nonprofit workers and community leaders. 
Building upon the notion of level interconnectedness, SOI at other levels 
may encourage SOI at the individual level (Fig. 5), e.g., social innovation 

Table 3 
LDA topic distribution descriptive terms.  

Topic Label term Salient terms (λ ≤ 0.4)  Frequent terms (λ ≥ 0.6)  

1 Smart city Startup(s), outbound OI, inbound OI, bio-pharmaceutical, OI startups, 
knowledge leak, OI collaboration, Chinese firm, energy, cluster 

OI, technology, startup(s), outbound OI, network, cluster, policy, 
strategy, knowledge, industry 

2 Living lab Micro-level, monetary, reward, innovative solution, network structure, 
autonomy, flexibility, crowdsourcing, contest 

Crowdsourcing, micro-level, monetary, network structure, 
collaboration, radical innovation, institution, urban 

3 Licensing Supply network, desorptive capacity, Spanish manufacturing, licensing 
volume, European firm, enhance innovation, licensing activity, innovation 
performance, project management, OI performance, inbound OI 

Innovation performance, resource, inbound OI, portfolio, desorptive 
capacity, technology, market 

4 Social 
innovation 

Ambidexterity, open social innovation, open business model, energy 
technology, foresight network, university-industry collaboration, depth 
(and) breadth, roadmap, planning, governance, proprietary, strategy, patent, 
social network 

Strategy, ambidexterity, collaboration, innovation strategy, network, 
open strategy, technology, economy, profit, product 

5 Co-creation OI community, Communities of Practice (COP), producer, intelligence, 
crowdfunding, (open) innovation environment, knowledge creation, vision, 
value co-creation, architecture, process model, external stakeholder, 
empowered, user, sustainable, sustainability, evolution, science 

Community, user, consumer, network, knowledge, stakeholder, 
sustainable, sustainability, interaction, crowdsourcing, innovation 
process, value, product 

6 Open data Open government, family firm, public, citizen, local government, reuse, 
public sector (OI), public private, end-user, citizen participation, government 
agency, service innovation, sustainable product (and) service, city 
government, capability, public private 

Public, government, open, sector, service, citizen, capability, public 
sector, open government, social media, end-user, strategy, service 
innovation, open strategy, policy 

7 SMEs Intellectual property rights (IPR), sustainable growth, SME engagement, SME 
innovation, Internet of Things (IoT) 

Open, IPR, SME innovation, IoT, OI, process, SME OI, knowledge, 
technology, activity, data, strategy 

8 Quadruple 
helix 

Team member, regional innovation, organizational innovation, economic 
growth, service/product, triple helix, regional development, territorial, 
economic development, demographic, inclusive, responsibility, new venture, 
public policy, high growth, innovation roadmapping, emerging economy, 
supply chain, ecosystem 

University, regional, ecosystem, product, economy, responsibility, 
supply chain, OI, entrepreneurship, knowledge, strategy, trust, 
technology, new product 

9 Absorptive 
capacity 

Innovation performance, knowledge sourcing, firm performance knowledge 
acquisition, resource-based view (RBV), external search, search strategy, 
dynamism, open search, internal capability, product innovation, knowledge- 
based view (KBV), search breadth, acquisition 

Firm, knowledge, external knowledge, OI, relationship, openness, 
acquisition, firm performance, innovation performance, strategy, 
impact, industry, financial 

10 Knowledge 
integration 

Product development project, tacit knowledge, OI adoption, OI mode, 
collaborative product development, OI strategy, coordination, complex 
product, knowledge management (KM), KM practice, new product 
development (NPD), income, lead user, laggard, supplier, startup, incubator, 
social media, process, software 

Knowledge, technology, OI, project, NPD, startup, design, social media, 
time, creative, software, customer, practice, KM  
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at the city level may empower citizens to collaborate in municipal 
projects (Mora et al., 2019a). 

4.2.2. Sustainable open innovation at the organizational level 
In the rapidly changing economic environment, integrating external 

partners into the process of new product or service development has 
become a part of the business strategy for many companies (Kortmann 
and Piller, 2016). For example, Starbucks’ crowdsourcing campaign 
aimed at developing an innovative solution to reduce waste from paper 
cups, or Coca-Cola’s strategic collaboration with the University of Exeter 
focused on improving consumers’ at-home recycling rates (Arcese et al., 
2015). The terms Open Sustainability Innovation (ibid.) and Open Sus-
tainable Innovation (Cappa et al., 2016) both appear in our sample pri-
marily referring to practices taking place at the organizational level. 

Holding shareholders close helps companies not only better meet 
their requirements and reduce the development risks associated with 
new product development, but also to react faster to market needs and 
anticipated business problems. The effects of external integration in co- 
creation (Fig. 5) and engagement of different types of stakeholders in OI 
networks are discussed in a number of papers in our sample: e.g. relating 
to clients (Altuna et al., 2015; Callaghan and Herselman, 2015), public 
authorities (Schwerdtner et al., 2015), suppliers (Behnam et al., 2018; 
Kortmann and Piller, 2016), customers (Shim et al., 2017), users (Beh-
nam et al., 2018; Nielsen et al., 2016), and other external stakeholders 
(Watson et al., 2018). Additionally, business model innovation has been 
studied as a tool for developing organizationally sustainable business 
models cognizant of their ecological embeddedness (Carayannis et al., 
2017). 

Firms adopting SOI strategies must meet the responsibility criteria of 
their stakeholders and innovate in a manner compliant with their sus-
tainability goals and agendas. SOI-based approaches to innovation may 
lead to sustainability performance improvements such as total cost re-
ductions, decreases in resource consumption and pollutant emissions, 
and increased affordability for low-income customers without sacri-
ficing value (Cappa et al., 2016). 

A growing number of firms take a step further and open their busi-
ness models even more by combining value capture and value creation 
(Kortmann and Piller, 2016). Consistently applying an open and 

sustainable approach to innovation management may be a challenging 
task for many firms operating with outdated business models. Thus, 
novel sustainable business models should be developed using systemic 
rather than unidimensional innovations: e.g. mobility sharing can be 
seen as preferable to ownership of an environmentally friendly vehicle 
(Behnam et al., 2018). Blok (2018) studied the problem of information 
asymmetries in the context of sustainable business models, noting that 
although integrating OI into a firm’s business model may improve its 
innovation performance, integrated models carry higher risks of 
knowledge leakages and may lead to a loss of competitive advantage. 

A separate cluster of papers in our sample addresses the topic of open 
eco/green/environmental innovation (e.g. Ghisetti et al., 2015; Lopes 
et al., 2017; Watson et al., 2018). The eco-innovation concept encom-
passes principles of circular economy and organizational sustainability 
(Lopes et al., 2017) and originates in the work of Fussler and James 
(1996), who describe it as innovation fueled by ecological issues. A 
constituent part of eco-innovation-open eco-innovation-refers to envi-
ronmental innovation utilizing knowledge and expertise originating 
from outside the firm’s boundaries (Ghisetti et al., 2015). 

Social innovation is generally understood as a set of activities 
regarding societal challenges with innovative approaches (Shin, 2016) 
with further potential to create novel social relationships and opportu-
nities for collaboration (Altuna et al., 2015). Social innovation inher-
ently contains a degree of openness (Unceta et al., 2017), since it should 
involve extra-organizational stakeholders such as citizens in the process 
to ensure its effectiveness (George et al., 2015). Open social innovation 
focuses on inbound OI originating from the general public in order to 
identify and feasibly serve their needs (Shin, 2016). However, social 
innovation is accompanied by an obstacle: companies often find it 
difficult to justify the creation of social value in monetary terms (Altuna 
et al., 2015). Du et al. (2016) answer these concerns by showing how 
stakeholder involvement and sustainability focus in innovation activ-
ities may enhance new product development cycles, and thus the overall 
profitability and longevity of companies. Furthermore, engaging in 
business ecosystem thinking (considering external stakeholders as pri-
mary actors within the sphere of business), companies can improve their 
innovative and financial performance through stakeholder beliefs and 
their perceived reputation (Joo et al., 2017). The connection between 

Fig. 5. Mapping theoretical levels to empirical topics. The label texts have been adjusted to maximize readability, so ideally every relationship (source node-link-target 
node) should be readable as a sentence. The conceptual map is organized hierarchically from left to right, so that nodes with most outgoing connections are placed on 
the left, while those with most incoming connections are on the right. 
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open and social innovation has also been investigated in the context of 
social enterprises (Yun et al., 2017), where standalone OI has been noted 
as often related to and capable of delivering societal impacts (Schillo and 
Kinder, 2017). 

Inbound OI can originate for the purpose of tackling challenges in 
social sustainability (Unceta et al., 2017), but also those in environ-
mental sustainability (Hyysalo et al., 2017). Hyysalo et al. (2017) 
discuss instances where consumers have engaged in innovation activ-
ities to produce energy efficient heating systems in residential buildings 
located in rural areas. These activities have created communities where 
innovation is shared not only in a peer-to-peer manner, but also in the 
form of inbound OI from consumers to companies. Cappa et al. (2016) 
highlight sustainable product development with an example of 
involving a network of open hardware and software development, peer 
production, and distributed 3D-printing to create economically afford-
able products with low environmental impacts. 

Lastly, including the broader public (as depicted in Fig. 6) in the SOI 
process may potentially foster responsible innovation toward rendering 
innovative products or processes more sustainable and socially desirable 
(Ceicyte and Petraite, 2018). For instance, NASA has introduced an 
OI-based business model to advance the health of its astronauts in space 
(Davis et al., 2015). Notably, in the context of co-creation (Fig. 5), 
integration of sustainability-oriented customers in the firm’s innovation 
processes and activities may trigger a change toward more sustainable 
practices (Arnold, 2017). 

As shown on Fig. 5, the organizational level has the highest number 
of connections to topics. The organizational level cluster is the largest in 
our sample and is directly or indirectly connected to all other levels. As 
this level is an intermediary to all other levels, the practices imple-
mented at the organizational level appear to carry the highest potential 
for influence transference across system levels. 

4.2.3. Sustainable open innovation at the city level 
The concept of a smart city is no longer novel, but has recently taken 

on a new dimension of ICT architectures applied to bringing together 
people and locations for the prosperity of citizens and urban neighbor-
hoods. The topic of OI for smart cities and sustainable urban develop-
ment is discussed in several papers in the sample (e.g. Collier et al., 
2016; Mora et al., 2019a). Mora et al., (2019a) conducted a systematic 
review of the research on smart cities which they followed with an 
empirical analysis of four European smart city-leaders, revealing how 
open collaborative environments may enhance the abilities of citizens 
(users) and local firms to actively participate in ICT-driven initiatives for 
co-creation, which in turn may lead to improvements and more sus-
tainable urban innovation (Mora et al., 2019b). While discussing the 
smart cities topic (Fig. 5), special attention is given to the role of social 
capital for greater trust and cooperation achieved through knowledge 
exchange among actors in OI structures (Errichiello and Micera, 2018). 

Living labs (LLs) (Fig. 5) are a relatively novel phenomena. LLs can 
be defined as “physical regions, virtual realities or spaces of interaction, 
where all stakeholders join together to create, develop, test and imple-
ment new products and services in a real-life context” (Rodrigues and 
Franco, 2018, p. 780). Sustainable living labs (SLL) are found in several 
papers (e.g. Callaghan and Herselman, 2015; Liedtke et al., 2015; 
Rodrigues and Franco, 2018), with the research by Liedtke et al. (2015) 
being the second most cited of the sustainability-related articles. SLLs 
aiming at supporting urban entrepreneurship and enhancing sustain-
ability (Rodrigues and Franco, 2018) can be viewed as user-centered OI 
ecosystems. The advantage of SLLs is the continuous orientation of 
innovation towards the end user who is totally integrated in the process 
of co-creative sustainable innovation. For instance, a case study of a 
Portuguese living lab concluded that SLLs may enhance the creation of 
new innovations that address a region’s difficulties via the establishment 
of an OI model, which allows the user to take an active role in the 
processes of innovation and R&D (Rodrigues and Franco, 2018). In the 

Fig. 6. An illustration of our theoretical framework of the identified levels of SOI. The arrows indicate the interaction across the empirically discovered levels of SOI.  
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context of smart cities, Liedtke et al. (2015) highlighted the particular 
significance of an SLL infrastructure for sustainable product service 
systems solutions development. Outside of the concept of SLLs, special 
attention has been paid to LLs in developing countries as well (Hooli 
et al., 2016). 

The city level emerges in our findings as a rapidly growing SOI 
research stream. The city level is associated with SOI practices in an 
ecosystem context. As a higher aggregate, the city level promotes the 
transmission and integration of SOI practices from the lower individual 
and organizational levels toward synergetic effects at the ecosystem 
level. 

4.2.4. Sustainable open innovation at the regional level 
In addition to sustainable urban development, OI approaches have 

been applied in the service of wider sustainable regional development 
under the term “Regional Open Innovation Roadmapping” toward 
safeguarding continued innovation at the regional level (Schwerdtner 
et al., 2015; Specht et al., 2016), with other research focusing on 
regional innovation systems in a sustainability and regional develop-
ment context (Kutsenko, 2015). Hu et al. (2017) investigate the role of 
policy and OI in the context of environmental regulations, proposing 
that OI strategies have a mediating effect on the relationship between 
regulations and productivity, while Mann (2015) discusses strategies for 
sustainable policy design using OI-based processes for biodiversity and 
ecosystem service preservation. 

The regional level emerges as the most underexplored SOI level. 
While this level could also be combined with the city level, we opted to 
separate the two. Although less present in the literature, practices 
involving SOI cross-border collaboration between regions are gaining 
momentum in different parts of the world between regional authorities, 
universities and companies (e.g. Nauwelaers et al., 2013). Fig. 5 shows 
the regional level as the least connected level in our sample. This level is 
directly related to the latent topics of “open data” and “Quadruple 
Helix”. Similarly to the city level, the regional level is associated with 
processes occurring in a broader ecosystem context, requiring the SOI 
practice experience to be collected and aggregated from the lower sys-
tem levels. 

4.2.5. Implied levels of sustainable open innovation 
All of the levels discussed so far also aggregate nationally and 

globally, within and between levels as complex networks of interactions. 
Although these levels did not surface from our findings directly, we infer 
and discuss them here by conjecture. We believe that it is reasonable to 
complete the multilevel SOI framework with overarching contexts 
setting the boundaries for the applicability of our framework. 

The existence of these levels implies that SOI practices can be 
dispersed and unified with a global view toward addressing contempo-
rary grand challenges (e.g., poverty or climate change) or toward 
collectively developing holistic action frameworks and governance 
norms in contexts characterized by broader societal influences (e.g., 
democratization of science or policy-making).1 Recent studies have 
demonstrated applications of SOI in the grand challenges context (e.g., 
through nudging and citizen science (Cappa et al., 2020) or through 
international hackathons (Bertello et al., 2021)). 

In addition, national (and other broader political regime) contexts 
introduce further contextual boundaries to the applicability of our 
framework. For instance, the varied regulatory styles over which select 
systems are governed in distinct states may carry strong impacts on the 
types of SOI tools that may be applicable in that specific context. SOI 
practices designed for improving the sustainability of health care sys-
tems in a specific state of the U.S. would presumably have quite a 
different set of tools on hand than a similar effort in, for instance, France 

or Denmark. Similarly, broader regulatory bodies such as the European 
Union or the U.S. federal government also provide an additional meta- 
level of governance imposing additional constraints and enablers con-
cerning SOI practices. These nuances across contexts are an important 
factor when considering the applicability and potential uses of SOI. 

4.3. Limitations and future research 

Our sampling procedure introduced some limitations to our analysis. 
As our focus was on uncovering multidisciplinary patterns existing over 
the conceptual ground of open forms of innovation, our results are not 
reflective of any specific individual research field or subfield with 
clearly defined boundaries. Rather, our findings reveal patterns of 
adoption and use of the OI term across various contexts. Our approach is 
an atypical one for conducting bibliometric research, with more typical 
approaches relying on studying well-bounded fields of study in order to 
reveal their intellectual or conceptual structures. 

The initial sample of 499 articles with 45 articles identified as rele-
vant to our research objectives limits the external validity of our find-
ings. Future studies could address this issue by adopting a larger sample 
focusing on the breadth the history of the development of these ideas 
covering all of past literature, rather than current patterns of adoption. 
In addition, the sampling procedure excluded research that was not yet 
well cited, as well as other OI-related research that did not contain the 
keyword “open innovation” (OI) in the Web of Science core collection, 
likely leading to the omission of otherwise relevant articles in the initial 
sample. We chose to use the OI concept in order to avoid introducing 
artificial biases due to the required subjective selection of additional 
theoretical terms as proxies, keeping the initial sample as objective as 
possible. As we ranked our sampling search by citations received, some 
emerging literature—and typically less cited grey literature (Rojon 
et al., 2021)—may have been excluded from our sample. Despite its 
unorthodox nature, we believe our methodological approach is 
fit-for-purpose in this instance. 

Further, our topic model is relatively crude per its function as a 
statistically produced counterpart to the structural network analyses. 
The sufficiency of the dataset is quite limited, as topic models tend to 
perform better with more data. This tendency also reveals an opportu-
nity, as a broader and more up-to-date dataset over the same space may 
yield rather different results, allowing for a comparison of the evolu-
tionary developments of the studied adoption. In addition, future studies 
could focus entirely on topic modelling both the OI and SOI literatures as 
the volume of the latter grows, making use of more sophisticated rep-
resentations such as dynamic (Blei and Lafferty, 2006), structured 
(Roberts et al., 2019), or joint sentiment/topic models (Lin and He, 
2009). Such models might reveal the more intricate underlying patterns 
a simple LDA model may not be capable of identifying. 

Despite the apparent relevance of several documents identified as 
sustainable by the presence of keywords, we found some of them dis-
played little substantive theoretical relevance to SOI. Such a discrepancy 
suggests the possibility that topics may be at times connected due to 
their overarching simultaneous popularity rather than their theoretical 
fit or relevance to each other. Future research could benefit from a 
thorough conceptual review of the underlying dimensionality of the 
interconnections between sustainability and OI, agnostic of their con-
ceptual origins. As it currently stands, we find a multitude of concep-
tualizations that use distinct terminologies in discussing similar aspects 
with reference to SOI. A conceptual unification might add to the resil-
ience of the underlying ideals and contribute to their wider diffusion. 

Our multi-level framework consists of the broader patterns empiri-
cally identified from existing literature. As such, the levels identified are 
a function of the data fed into the model, and may omit implied levels of 
importance. For instance, a national, rather than regional, level of 
investigation may involve distinct ideals not revealed by our analysis. 
Similarly, sustainability challenges, the more complex they are, tend to 
necessitate a global perspective, which a perspective stopping at the 

1 We would like thank an anonymous reviewer for pointing out the impor-
tance of these issues. 
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regional level may betray. Too limited a focus on sustainability issues 
may result in a myopic view regarding the broader impacts at a global 
scale. Engaging more deeply with SOI regarding specific global sus-
tainability challenges is therefore an interesting area for future inquiry. 
Such research could focus on the various exogenous contexts on issues 
such as climate change (globally) or health care (nationally). Developing 
such contextualized views may yield deeper insights into how SOI could 
be leveraged at a system-level toward solving specific sustainability 
challenges. We therefore see this line of inquiry as a particularly fruitful 
area for future research, especially from a more qualitative perspective. 

5. Conclusions 

In this study, we set out to explore the extent of and better describe 
the conceptual connection points between open innovation (OI) and 
sustainability. We did so with a bibliometric methodology focused on 
statistical and structural aspects of language used in 499 contemporary 
article abstracts employing the keyword ‘open innovation’. We found 45 
of the sample articles as materially related to sustainability by their full 
text, which we content analysed. Based on our empirical findings and 
content analysis, we developed a theoretical multi-level framework 
building on the concept of Sustainable Open Innovation (Bogers et al., 
2020). 

Our structural analysis shows that the usage of keywords does not 
point to the permeability of sustainability or societal concerns in OI 
related research, but relevant signals start to emerge when using 
structural or statistical techniques over titles and abstracts. The difference 
implies that researchers utilizing the OI concept have not broadly and 
officially recognized the importance of sustainability as a connection, 
but may be beginning to do so as indicated by the late emergence of 
these topics in moderately formalized language use. In addition, 
although innovation scholars concerned with open approaches may not 
have explicitly positioned sustainability at the core of their research, we 
find that sustainability focused research has more so adopted OI-based 
approaches in the service of sustainability. Our results further suggest 
discussions unifying openness and sustainability are more often taking 
place in journals focused on sustainability than innovation. This finding 
indicates that innovation research to date has likely had more to 
contribute to the study of sustainability than vice versa. 

Our primary contribution is a multilevel framework that describes 
four levels of SOI-namely individual, organizational, city, and regional 
levels-and interactions between them. The individual level implies 
collaboration between individuals who may-but are not required to-be 
members of a particular social unit. SOI at this level is closely related 
to knowledge integration and co-creation activities. The organizational 
level is the most researched and interconnected between discovered 
levels. At the organizational level, SOI includes a variety of inbound and 
outbound practices allowing organizations to enhance their sustain-
ability performance, such as external integration, business model inno-
vation, and sustainability-oriented innovation management. The city 
level is related to collaboration between individuals, firms, universities 
and research centers, as well as municipalities. SOI practices at the city 
level target smart city design, the establishment and functionality of 
sustainable living labs, and sustainable urban development. The regional 
level is the most underdeveloped of discovered levels. Although this 
level is present in the sample papers to a smaller extent, practices 
necessitating SOI cross-border collaboration between regions appear to 
be building momentum. 

Our secondary contribution arises in highlighting the importance of 
the sub-stream of open collaborative innovation and its relevance to 
sustainability within the broader open innovation research. Our findings 
suggest that out of the existing OI frameworks, open and sustainable 
innovation practices appear to be theoretically closest to open collabo-
rative innovation (Bogers, 2012). In line with Bogers et al. (2020), we 
further found collaboration as an essential component of SOI through 
our content analysis, finding that sustained long-term win-win 

innovative solutions are seen as difficult without collaboration among 
stakeholders by proposing that such collaboration occurs among actors 
within and between identified SOI levels. 

Our findings regarding the topics and their distributions of open 
innovation research not only model the field as it appears in search of 
sustainability, but also reflects the cognitive structure of recent and cited 
multidisciplinary research on open innovation at large. The empirical 
artefacts produced offer a modest contribution as a temporal snapshot of 
the general state of OI research, offering insights toward modelling it 
further and more extensively. 

In sum, our multilevel framework and related discussion contributes 
to the development of a better understanding of the interfaces between 
sustainability and openness in innovation research. 

5.1. Managerial and policy implications 

Managers are continuously under stakeholder pressures to address 
sustainability issues. Our study contributes to advancing managerial 
practices for doing so by showing how OI and sustainability research 
have intersected in recent literature. Our empirical findings lend man-
agers a detailed description of studied activities linking openness and 
sustainability. Managers may draw on the individual links in Fig. 5 to 
find underexploited areas of activity in their own organizations, as well 
as discover links from their companies’ activities to other levels of their 
embedded systems, so that e.g., companies engaged or interested in co- 
creative product development may seek to find living labs in their cities 
as a means of doing so more effectively. 

Policy-wise, the prevalence of smart cities, urban and regional 
development, and living labs, suggests a widespread focus of SOI on 
various interfaces with regional policymaking. Considering the two 
latent topics (4 and 9) respectively centered on the concepts of 
Quadruple helix and social innovation, it appears that considerable OI 
research has been dedicated to the interface between societal impacts 
and governance structures. In addition to traditional stakeholder inte-
gration, user-centric approaches and various forms of openly engaging 
local communities in local development efforts may therefore be an 
emerging normal in innovation-based development of societal policies. 
Policymakers can draw on our literature synthesis to discover detailed 
subjects and recent studies of academic relevance in creating socially 
oriented, sustainable innovation policies. Doing so may yield insights 
into which types of incentive structures should be developed for—and 
which directions taken—for developing effective innovation policy 
considering openness for developing more sustainable cities, regions, 
and broader governance structures. 
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Jaan-Pauli Kimpimäki: Methodology, Software, Conceptualization, 
Data curation, Formal analysis, Writing – original draft, Writing – re-
view & editing, Visualization, Investigation, Validation. Iryna Mala-
cina: Methodology, Conceptualization, Writing – original draft, Writing 
– review & editing, Visualization, Investigation. Oskari Lähdeaho: 
Methodology, Conceptualization, Writing – original draft, Writing – 
review & editing, Investigation, Validation. 

Acknowledgments 

The authors would like to thank the three anonymous reviewers for 
their constructive and helpful comments throughout the review process. 
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Google scholar, web of science, and scopus: asystematic comparison of citations in 
252 subject categories. J. Inform. 12 (4), 1160–1177. 

de Mattos, C.A., Kissimoto, K.O., Laurindo, F.J.B., 2018. The role of information 
technology for building virtual environments to integrate crowdsourcing 
mechanisms into the open innovation process. Technol. Forecast. Soc. Change 129, 
143–153. https://doi.org/10.1016/J.TECHFORE.2017.12.020. 

McMeekin, A., Southerton, D., 2012. Sustainability transitions and final consumption: 
practices and socio-technical systems. Technol. Anal. Strateg. Manag. 24 (4), 
345–361. 

Michelino, F., Cammarano, A., Celone, A., Caputo, M., 2019. The linkage between 
sustainability and innovation performance in it hardware sector. Sustainability 11 
(16), 4275. 

Mohr, J.W., 1998. Measuring Meaning Structures. Annu. Rev. Sociol. 24 (1), 345–370. 
Mora, L., Deakin, M., Reid, A., 2019a. Combining co-citation clustering and text-based 

analysis to reveal the main development paths of smart cities. Technol. Forecast. Soc. 
Change 142, 56–69. https://doi.org/10.1016/j.techfore.2018.07.019. 

Mora, L., Deakin, M., Reid, A., 2019b. Strategic principles for smart city development: 
amultiple case study analysis of European best practices. Technol. Forecast. Soc. 
Change 142, 70–97. https://doi.org/10.1016/j.techfore.2018.07.035. 

Nahi, T., 2016. Cocreation at the base of the pyramid: reviewing and organizing the 
diverse conceptualizations. Organ. Environ. 29 (4), 416–437. 

Nauwelaers, C., Maguire, K., Marsan, G. A., 2013. The case of the Bothnian Arc 
(Finland–Sweden)–regions and innovation: collaborating across borders. 
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Abstract: Effective management of any company relies on awareness of surroundings and ability to appropriately 
measure and control the operations. As sustainability issues have emerged as central concern in societies, 
companies are also aiming to improve their performance in this regard. Therefore, sustainability related 
measurements are required for companies looking to manage their sustainability. Qualitative multiple case 
study data reveals some inconsistencies between companies’ environmental performance and associated self-
evaluation and reporting. The case studies are analyzed with focus on management capabilities in informed 
environmental sustainability related decision-making. It seems that companies are eager to take first steps 
towards environmental sustainability. However, overconfidence from initial successes can hinder further 
advances in environmental sustainability. Cognitive capabilities in self-evaluation seem to have implications 
for organizations in addition to individuals. While vital for advances in environmental sustainability, 
improvements should be reflected with critical view to avoid false sense of security. Companies’ 
environmental communications are often overexaggerated due to illusory superiority. Self-awareness in 
context of companies’ environmental performance should be further studied. 

1 INTRODUCTION 

Sustainability of business operations is a growing 
concern within societies, industries, and academia. 
Companies carry special responsibility in 
sustainability challenges, as their decision-making 
often impact not only their own operations, but 
surrounding environment and various external 
stakeholders. Logistics and supply chain management 
have extended influence towards environmental 
sustainability due to the high environmental impact of 
transportation (Solaymani, 2019). Therefore, supply 
chain management is facing pressure towards 
sustainability from governmental legislation as well 
as societal demand (Seuring and Müller, 2008). In 
European Union, transportation is subject to massive 
decarbonization targets (European Commission, 
2021; Haas and Sander, 2020). Moreover, in Finland 
these targets are taken further from the baseline 
legislation provided by European Union (Finnish 
Government, 2020). 

Informed decision-making in supply chain 
management requires adequate knowledge, which in 

turn stems from correct measurements and analytical 
tools (Vilko et al., 2014). Same holds for decisions 
and optimization towards more sustainable 
transportation systems (Kelle et al., 2019). In other 
words, for companies to acquire environmental 
awareness of their operations, they need to recognize 
the challenges and their own shortcomings in that 
context. Thereafter, it is possible to understand 
causalities related to sustainability related decisions. 
This impact of their operations must be then 
appropriately measured to allow management of 
sustainability through various control mechanisms. 

The aim of this paper is to study companies’ 
ability to self-evaluate their environmental 
performance, and how their knowledge and 
capabilities influence these assessments and affect 
their decision-making. The chosen research area is 
logistics industry, which faces pressure to increase its 
environmental sustainability. The research focuses on 
impact of cognitive biases, management knowledge 
and capabilities, and decision-making uncertainty in 
self-assessment of companies. By doing this, the 
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article instigates discussion on environmental self-
awareness of logistics industry actors. 

2 METHODOLOGY 

This research employs qualitative multiple case study 
approach. The chosen method was used to create 
holistic view on the studied logistics industry, 
including different actors in the industry with varying 
roles, position in network, transport modes, 
ambitions, and maturity regarding environmental 
performance. Moreover, specific company level 
perspectives are attainable via case studies, which 
allows critical evaluation of larger company 
networks. Qualitative approach enables explorative 
lens on the complex issue of sustainability in 
logistics, which is required to study the characteristics 
and inner-workings of a multimodal-transportation 
networks.  

Primary data gathering was carried out with semi-
structured interviews. This method was seen 
appropriate to preserve the exploratory nature of the 
research. Informants for the interviews were chosen 
based on their experience and their organization’s 
position in Finnish logistics system. In addition to 
transportation companies and logistics service 
providers (LSPs), infrastructure and regional logistics 

developers were included in the pool of informants to 
gain perspectives from higher level logistics 
planning. Described selection process resulted in 
twelve interviewees, as presented in Table 1. The 
semi-structured interviews followed predefined 
interview protocol with main themes related to 
interviewee company’s technological, business, and 
system level maturity regarding environmental 
sustainability of their operations. However, the 
interview protocol was used lightly, and the 
interviewees were given the liberty to somewhat steer 
the discussion. This way, relevant information and 
themes that were not strictly determined in the 
protocol were able to emerge in the interviews. In 
addition to open ended questions on environmental 
sustainability, the interviewees were also asked to 
grade their companies’, as well as their network 
partners’ perceived importance of environmental 
sustainability. Grading was on Likert scale from 1 to 
5, where 1 stands for “not important”, while 5 is for 
“extremely important”. Since some of the companies 
were not comfortable on grading with whole 
numbers, they were given the chance to use fractional 
numbers (e.g., 3.5 out of 5). Each interview took from 
45 minutes to 1 hour. 

The interviews were recorded and then 
transcribed. Transcribed records were coded to 
identify central topics in the interview data. 

Table 1: Overview of the studied organizations. 

Case organization Informant’s position in the company Experience in the current position

Railroad operator Key Account Manager 11 years 

Terminal operator Sales director 2 years 

Transportation LSP Chief Development Officer 5 years 

LSP (4PL) CEO 9 years 

Regional development company Sales manager 2 years 

Logistics development company Project manager 1 year 

Transport infrastructure agency (road) Development manager 8 years 

Regional logistics association Acting manager 7 years 

Inland waterway infrastructure agency Regional manager 15 years 

Shipping and stevedoring company Internal auditor 2 years 

Passenger road transportation company CEO 10 years 

Regional passenger logistics planner Public transport coordinator 3 years 
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To study companies’ ability in measuring and 
evaluating their environmental performance, unit of 
analysis for this study is the companies’ own 
environmental sustainability. Based on this, 
comparative company analysis is made with regards 
to differences in the studied companies’ used 
transport modes, role in logistics network, and 
maturity of environmental sustainability in their 
operations. Moreover, the interplay between these 
companies in common networks must be considered. 

3 THEORETICAL 
BACKGROUND AND 
CONCEPTUAL FRAMEWORK 

Among individual people, cognitive bias can be 
found where individuals with lower capabilities tend 
to self-evaluate that skill higher, in contrary to skilled 
individuals being more modest and accurate in the 
evaluation (Dunning, 2011; Feld et al., 2017). 
Because organizations consist of individuals, similar 
bias can sometimes be found in companies (e.g., in 
external communications or reporting). As the 
amount of information is constantly growing 
intensively, companies struggle to use the tide of 
information in meaningful ways (Ge and Brewster, 
2016). Moreover, mere existence of vast amount of 
gathered information on specific topic (e.g., 
environmental sustainability) can falsely convince 
companies that the information is properly used to 

solve and manage the related challenges (Ge and 
Brewster, 2016). In construction project cost 
estimations, overconfidence on lacking capabilities 
acts as one of the factors for possible cost overruns 
(Ahiaga-Dagbui and Simon, 2014). 

Environmental awareness and ability to make 
informed decisions towards improved environmental 
sustainability can be attributed to the management’s 
ability in measuring environmental sustainability of 
operations. Drawing from theoretical framework on 
risk management and decision-making by Vilko et al. 
(2014), we have synthesized a framework describing 
different levels of environmental awareness and its 
effect to sustainability related decision-making in 
companies. The framework in question have not been 
used in environmental context before, which this 
study aims to do. In progress the research aims to 
bring decision-making and environmental 
management theories in logistics closer together. In 
other words, this study synthesizes theories from 
different fields of science to examine a contemporary 
phenomenon. This framework is presented in Table 
2. 

The different columns in this framework represent 
various levels of understanding or certainty related to 
sustainability issues in supply chain management. On 
the right side is radical uncertainty (hypothetical 
situation where management has absolutely no 
knowledge on the topic; Loasby,1976). From there 
on, the consciousness of management increases 
gradually going to left, ending up to absolute certainty 
(once again, hypothetical situation where 
management knows everything related to the  topic) .  

Table 2: Levels of uncertainty in sustainability decision-making (modified from Vilko et al., 2014). 

Absolute certainty Parametric certainty
Parametric 
uncertainty

Structural 
uncertainty

Procedural 
uncertainty  Radical uncertainty

The knowledge deci-
sion-maker holds re-
lated to the decision 

problem 

Every piece of 
relevant knowledge is 

known. 

The future states and the 
structure of the decision 

situation are known. 
Impact of each 

sustainability action is 
objectively known. 

The structure of future 
is known. The impact 

parameters of 
sustainability actions 

are not certain. 

Imperfect knowledge of 
the structure the future 
can take. Limited view 

of the parameters related 
to the sustainability 

actions. 

Limitations of decision-
maker’s cognitive 

abilities to 
unambiguously pursue 

objectives given the 
available information. 

All pieces of 
knowledge are 

imperfect, sometimes 
even comes close to 

ignorance. 

The knowledge of the 
occurrence 

probabilities of 
possible states of the 

world, possible 
actions, and 

consequences 

Complete knowledge. Objective knowledge of 
parameters. 

Subjective degrees of 
beliefs as to the 

probabilities of events 
and the consequences 

of sustainability 
actions. 

Subjective beliefs of the 
effect of environmental 

actions. 

Incomplete knowledge 
about effect of 

environmental actions. 
  

No knowledge at all. 

Implications to 
sustainability decision-

making 

Complete certainty 
about the 

sustainability actions 
and environmental 

effects. 
(Hypothetical) 

Assumed implicit 
foundation for 

sustainability decision-
making. 

Sustainability effect 
probabilities are 

difficult to quantify. 

The structure of 
sustainability actions 

and their environmental 
effect are difficult to 

formulate and perceive 
holistically.

Severely restricted 
ability to identify and 
perceive sustainability 

actions and their 
environmental effect. 

Complete uncertainty 
about the sustainability 

actions and 
environmental effects 

of actions. 
(Hypothetical)

Implications to 
sustainability analysis 

Sustainability 
analysis is not 

needed. 

Sustainability parameters 
(likelihood and impact) 
of environmental effect 

can be measured and 
assessed with certainty. 

Sustainability 
parameters (likelihood 

and impact) of 
environmental effect 
cannot be objectively 

assessed.

Sustainability actions 
and their causalities 

cannot be objectively 
assessed. 

Sustainability actions, 
their causalities and 

environmental effects of 
actions are not fully 

known and assessable. 

Sustainability actions, 
environmental effects 
of actions and related 
parameters cannot be 

assessed. 
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The rows in this framework describe the decision-
makers knowledge, understanding of surroundings 
and causalities of taken actions, implications of made 
decisions, and lastly the analytical capabilities based 
on the possessed knowledge. For studying real 
companies, the focus should be directed to the middle 
states of certainty. This allows the assessment of 
companies’ capabilities to conduct informed 
sustainability related decision-making and self-
evaluation of sustainability performance. 

When a company’s management has procedural 
uncertainty, they lack required knowledge to conduct 
informed decision-making. In this situation, the 
consequences of company’s actions are not 
considered, leaving that company prone to unwanted 
outcomes realized from otherwise benevolent 
decisions (Dosi and Egidi, 1991). This is due to the 
incapability to recognize sustainability related issues, 
counteractions, their benefits, and disadvantages. 
Furthermore, since the knowledge is inadequate, the 
decisions cannot be backed by data, i.e., necessary 
measurements and analysis is impossible to carry out. 

Under structural uncertainty, the management 
has an idea about the parameters of sustainability 
related decision-making, e.g., what kind of 
technologies can be implemented in operations to 
reduce environmental impact. However, choosing the 
appropriate actions is hindered by the lack of 
knowledge on all available courses of action. When 
the appropriate courses of actions are clear to 
management, the degree of certainty is parametric 
uncertainty. Here the management can perceive 
different appropriate decision paths but 
understanding of their impacts and related 
probabilities are unknown (Langlois, 1984). In other 
words, the different pathways for the company are 
visible, but capability to choose the best one is 
limited. 

Parametric certainty is the next step. When 
management can reach this degree of certainty, their 
decision-making is informed, backed up by data. Here 
the circumstances, available actions, probabilities, 
and possible outcomes are known by the decision-
makers. 

4 EMPIRICAL RESULTS 

All the studied companies have dedicated some focus 
to environmental issues in their operations. Mostly 
the shift towards environmental awareness has been 
happening lately, within past few years. Spark for the 
change is due both governmental and societal 
demand. In other words, regional and national 

legislation has become stricter in terms of 
environmental performance of companies. At the 
same time, customers, consumers, and society at large 
have become more vocal in their demands for 
corporate sustainability in Finland. Since 
environmental focus is a new direction for 
companies, especially those in logistics sector, which 
is known for characteristics such as traditional and 
rigid, vast advances in environmental friendliness 
cannot possibly be expected yet. Indeed, most of the 
environmental advances in the studied companies 
have been incremental. As such, the related 
performance measurements are at basic level and lack 
coordination with strategic goals (procedural 
uncertainty). Therefore, management is not supplied 
with proper data to support their decision making. 
While the direction is correct for improved 
environmental performance, strategic 
implementation of environmental practices and 
technologies is needed to create meaningful results 
and simultaneous benefits in terms of environmental 
sustainability, societal approval, and economic profit. 
When the strategic objectives for companies are 
recognized, only then it is possible to measure correct 
things in operations (i.e., ascension to structural 
uncertainty and beyond). Furthermore, this also 
enables management of sustainability and appropriate 
control mechanisms. 

Some of the studied logistics companies possess 
naturally advantageous position in environmental 
sustainability (e.g., railway operators have access to 
environmentally sound transportation when 
compared to road transportation companies). 
However, some of the mentioned companies are not 
actively reinforcing their position regarding 
environmental sustainability. In other words, some 
logistics companies do not recognize competitive 
advantages in environmental sustainability, and 
furthermore take for granted the most likely 
temporary advantageous position. The position can be 
described as temporary since some of the other 
studied companies (without inherent advantage in 
environmental sustainability, e.g., road 
transportation) are actively strategically thriving a 
position of forerunner regarding environmental issues 
in logistics industry. 

While it is reasonable to assume that some of the 
distortion in environmental self-evaluation and actual 
performance is due to the lacking capabilities in 
environmental sustainability or “meta-ignorance”, 
possible impact of external influence should also be 
entertained. For example, in Finland, utilizing 
biodiesel in road transportation is subject of high-
profile marketing and is also recommended by 
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government through various programs and legislation 
(e.g., Finnish Tax Administration, 2020). However, it 
is debatable how beneficial for overall environmental 
sustainability of transportation these biofuels are. 
Nevertheless, many of the studied companies have 
been introducing biofuels, especially biodiesel, to 
their operations. Based on the interviews, it seems 
that these same companies lull in a feeling of 
achieved environmental sustainability after changing 
to biodiesel. At the same time, the environmental 
impact of these companies’ operations is lowered 
only marginally if at all. 

The self-evaluation grades (1-5) of value for 
environmental sustainability in companies’ operation 
and that in their network is presented in Figure 1. 
When considering both company’s and their 
network’s score, it is possible to divide the 
interviewee companies to four different categories. 
Top left (high importance of environmental 
sustainability in network, low inside organization) is 
for reactionary companies who act upon changes in 
their direct business surroundings and are not prone 
to proactive decisions. Bottom left (low network and 
organizational importance) is for companies acting in 
networks that have not recognized value in 
environmental sustainability. Bottom right (low 
network, high organizational importance) is for 
companies positioned as forerunners in 
environmental sustainability: their network is not 
pushing for environmental performance, but they 
proactively act towards that. Lastly, top right (high 

network and organizational importance) contains 
companies operating in networks which recognize 
value in environmental sustainability. 

Majority of studied companies are positioned to 
top right, to environmental focused companies among 
others, according to their self-evaluation. Second 
largest group can be categorized as environmental 
forerunners according to their assessment, locating in 
the bottom right. While none of the companies 
position themselves on the categories represented on 
left side of the matrix, two are on the edge. Inland 
waterway infrastructure agency sees themselves as 
moderately focused to environmental sustainability, 
while admitting that their network values that highly. 
Similarly, Logistics development company evaluates 
themselves as moderate on environmental issues but 
assesses surrounding network as not particularly 
focused on environment. According to some of the 
companies, environmental measurements and related 
communications lack standardization. These 
interviewees claim that it is extremely difficult to 
benchmark environmental sustainability of logistics 
operations between the companies. Lack of industry 
standards in environmental measurements and 
reporting is one factor explaining the relatively high 
grading in self-evaluation for the studied companies. 
It seems that none of the companies except one rated 
their network’s focus on environment higher than 
their own: a sign of the studied companies 
overestimating their own alignment towards 
environmental issues.

 

Figure 1: Evaluation for organizational and network position environmental sustainability.
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5 DISCUSSION 

This research continues from the previous scientific 
discussion (Vilko et al., 2014; Dunning, 2011) by 
synthesizing on uncertainty and biases in decision-
making in sustainability context. Informed decision-
making in supply chains under uncertainty requires 
adequate cognitive abilities (Vilko et al., 2014). 
Similarly, decisions towards environmental 
sustainability in supply chains require specific 
knowledge to understand causalities, impacts, and 
outcomes of those decisions (Kelle et al., 2019). 

The multiple case study on intermodal logistics 
system reveals that most of the studied companies 
have taken some substantial steps towards improving 
their environmental sustainability. In most cases, this 
can be boiled down to implementing some 
incremental advancements on top of the existing 
operations, e.g., using biodiesels in road 
transportation instead of conventional fuels. 
However, at the same time the pursuit for 
environmental sustainability seems to be limited to 
these incremental changes – companies are hesitant to 
make strategic and structural changes to existing 
operations to improve their environmental 
performance. 

While most of the companies describe their 
actions towards environmental sustainability as 
conservative, most still evaluate their own 
environmental sustainability and that of their 
immediate networks highly. This represents an 
obvious mismatch in actions and communications 
related to environmental sustainability. The situation 
can also be interpreted as companies having illusory 
superiority. First initial decisions towards reducing 
environmental burden of operations are made, tying 
investments, time, and work to environmental 
challenges. This in turn could create a feeling of 
radical improvement, especially since rigid 
benchmarking in environmental context between 
companies is lacking. Therefore, it is relatively for 
companies to evaluate their environmental focus as 
exceptionally high. Organizations with longer 
experience in environmental advances, however, hold 
more informed view on environmental decision-
making and desired outcomes. For example, the 
studied fourth-party logistics service provider, which 
has carried out numerous environmental programs for 
its customers (logistics companies), can be seen 
possessing a more informed view on the matter. 
While they rank themselves high in environmental 
sustainability, they see their network performing 
below average on the matter. Similarly, the studied 
logistics development company, which intends to 

create modern, competitive regional logistics, sees 
the surrounding logistics industry as immature when 
it comes to environmental sustainability. 

However, it is not fair assessment to attribute the 
high grades solely on illusory superiority. For 
example, the studied transportation LSP company has 
been positioning themselves as a forerunner in 
environmental issues for decades already. In their 
case, environmental sustainability has been lifted as 
part of their strategy and they believe that this 
direction will grant them prolonged competitive 
advantages. Business processes have been coupled 
with measurements, and appropriate data on 
sustainability goals reaches the management. In other 
terms, they can be seen as reaching for parametric 
certainty in sustainability related decision-making. 
Therefore, they rightfully grade themselves high in 
environmental sustainability while at the same time 
assessing their network as low on the matter. 

Interestingly, the studied railroad operator 
assesses themselves exceptionally high, with full 
score. Indeed, railway transportation in Finland, 
where most of the tracks are electrified and 
hydroelectricity is preferred power source, can be 
considered as environmental alternative for 
transportation. However, during the interview with 
this company, it was evident that they are not 
strategically pursuing to improve their position 
regarding environmental sustainability in logistics 
industry. In other words, they seem to feel secure in 
their current position, and are not actively trying to 
improve environmental sustainability of their 
operations. In future, this could lead to other actors in 
the industry in taking over parts of the market which 
values environmental sustainability. In worst case 
scenario, inaction now could lead to lost market 
position in the future, stemming partly from illusory 
superiority. Especially as some of the other studied 
companies are more aggressively redefining their 
businesses to become more environmentally sound. 

6 CONCLUSIONS 

So, is (unintentional) ignorance a bliss in the context 
of environmental sustainability in the studied 
industry? In short term, it is easier to implement 
sustainability superficially to company’s strategy 
with ambiguous measurements and reporting. 
However, if improvements in this regard are not 
made, it can be costly for the company in future. 
Long-term planning is not an easy road to travel: the 
more is known, the more the required work for 
meaningful sustainability actions becomes apparent. 
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There are also scientific implications for this 
research. It seems that psychological phenomena, 
such as illusory superiority, are not extensively 
considered in organizational studies. According to the 
authors best knowledge, only a few studies consider 
such bias in research which relies on informant 
companies’ self-evaluation. In addition, as corporate 
sustainability is still emerging topic in academia as 
well as in practice, biases in self-assessment manifest 
easily due to the lack in long-term experience. The 
proposed framework helps in structuring 
sustainability related decision-making and 
understanding causalities and possible outcomes. It 
offers a way to evaluate the current situation of a 
company, as well as what is needed to improve in 
informed environmental decision-making. 

This study offers several managerial implications. 
Firstly, the multiple case study of a multimodal 
logistics system presents a snapshot on how 
environmental sustainability is regarded in such 
business environment. Secondly, the empirical study 
shows that all the companies in the given industry are 
shifting their focus to environmental challenges. 
Some do so more actively than others, but the overall 
notion is that there is growing value in environmental 
sustainability in logistics. Lastly, the used certainty 
framework illuminates some pitfalls in environmental 
decision-making, and that false sense of superiority 
could be detrimental to a company’s long term overall 
performance. As a major takeaway, companies 
should thrive to carry out meaningful measurements 
to enable informed decision-making based on data 
and knowledge. 

Limitations of this research make it difficult to 
justify the experienced effect in sustainability related 
self-assessment as wide scale phenomenon. This 
multiple case study focuses on a single industry in a 
specific geographical location. However, further 
studies can be extended to multiple industries in a 
wider geographical scale. In addition, further research 
should aim to gather quantitative data on the 
phenomenon to investigate how wide the self-
assessment bias is in companies. 
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