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This Master’s thesis examines the sustainability of forklift technologies by comparing diesel, 

electric and hydrogen solutions in the context of the wood products industry. The aim was 

to identify factors that influence the choice of forklift technology from a sustainability 

perspective. 

The research was carried out as a case study in a Finnish woodworking company, using 

semi-structured interviews and secondary sources. Based on the literature, a six-dimensional 

sustainability assessment model was developed and applied in a qualitative comparison of 

technologies. 

The results indicate that diesel forklifts are still perceived as technically reliable, but their 

high emissions, intensive resource use, and negative impact on the working environment 

reduce their suitability for sustainable operations. Electric forklifts emerged as the most 

practical option for achieving short- to medium-term sustainability goals, while hydrogen 

forklifts were seen as a future-oriented technology, with their potential closely tied to the 

development of supporting infrastructure. The study concludes that there is no single 

universally optimal technology; rather, the choice depends on the organization’s objectives, 

operating environment, and capacity for change management. 
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Tämä pro gradu -tutkielma tarkastelee trukkiteknologioiden kestävyyttä vertailemalla diesel-

, sähkö- ja vetyratkaisuja puutuoteteollisuuden kontekstissa. Tavoitteena oli tunnistaa ne 

tekijät, jotka vaikuttavat trukkiteknologian valintaan kestävän kehityksen näkökulmasta. 

Tutkimus toteutettiin tapaustutkimuksena suomalaisessa puutuoteteollisuuden yrityksessä 

hyödyntäen puolistrukturoituja haastatteluja ja toissijaisia lähteitä. Kirjallisuuden pohjalta 

kehitettiin kuusiulotteinen kestävyyden arviointimalli, jota sovellettiin teknologioiden 

laadulliseen vertailuun. 

Tulosten mukaan dieseltrukit koettiin edelleen teknisesti luotettaviksi, mutta niiden korkeat 

päästöt, suuri resurssienkulutus ja työympäristöön kohdistuvat haittavaikutukset heikensivät 

niiden soveltuvuutta kestävään tuotantoon. Sähkötrukit näyttäytyivät käytännöllisimpänä 

vaihtoehtona lyhyen ja keskipitkän aikavälin vastuullisuustavoitteiden saavuttamiseen, kun 

taas vetytrukit edustivat tulevaisuuteen suuntautuvaa teknologiaa, jonka potentiaali on 

vahvasti sidoksissa infrastruktuurin kehittymiseen. Tutkimus osoitti, ettei ole olemassa yhtä 

yksiselitteisesti parasta teknologiaa, vaan valinta riippuu organisaation tavoitteista, 

toimintaympäristöstä ja muutoksenhallintakyvystä.  
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1  Introduction 

Sustainability is no longer only a voluntary or isolated commitment. It has become a strategic 

necessity across all industries, driven by climate change, the need to reduce greenhouse gas 

emissions, the sustainable use of natural resources, and the promotion of environmentally 

friendly solutions. (Waqar et al. 2025, 1) True corporate responsibility cannot be achieved 

through individual measures such as waste reduction or the use of renewable energy alone. 

Instead, sustainability must be embedded throughout the entire business network – from raw 

material sourcing and suppliers to logistics and the customer interface. Companies that adopt 

such a holistic approach are better positioned to meet growing stakeholder expectations and 

to create long-term value for both their business and society at large. 

One concrete area where sustainability demands are increasingly visible is in the 

environmental impacts caused by industrial machinery and vehicles. Non-road machinery, 

such as forklifts, represents a significant source of harmful emissions, including 

hydrocarbons, carbon monoxide, nitrogen oxides, and particulate matter. According to Pang, 

et al. (2021, 34-35), such equipment accounts for 18–29% of global emissions from mobile 

sources, and this share is expected to increase due to the long service life of non-road 

machines and decreasing emissions from other mobile sources such as road vehicles.  

Forklifts are a vital part of companies’ internal logistics and material handling processes, 

with a direct impact on organizational environmental footprints. The environmental impact 

of logistics is not limited to emissions but also includes noise and the consumption of natural 

resources. Reducing emissions from material handling and transport equipment is therefore 

a key aspect of corporate environmental responsibility (Dey et al. 2011, 1238–1240). These 

challenges have led to the development of sustainable logistics practices that aim to reduce 

emissions, improve resource efficiency, and enhance operational performance (Jayarathna 

et al. 2023, 705). For forklifts, this means transitioning to more energy-efficient and lower-

emission power sources, such as electricity and hydrogen. 
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As a result, forklift technologies have increasingly become part of the corporate 

sustainability agenda. Replacing diesel forklifts with electric or hydrogen alternatives offers 

the potential for significant emission reductions as well as improved working conditions for 

example, through lower noise levels and better indoor air quality. However, selecting the 

appropriate technology is not a straightforward decision. Each option has its own strengths 

and limitations, and the choice depends on both operational requirements and the 

organization’s long-term sustainability goals. Therefore, forklift technologies must be 

evaluated from a comprehensive sustainability perspective. While electric and hydrogen-

powered options are generally perceived as low-emission solutions, their practical 

performance in industrial environments remains insufficiently studied. The aim of this thesis 

is to address this need by assessing the sustainability of diesel, electric and hydrogen 

forklifts. The assessment will be carried out as a case study in the context of the wood 

products industry, with Koskisen Oyj as the case study company. 

1.1  Background for the study 

The background of this study is situated in an industrial environment characterized by high 

material flows and multi-shift production, where efficient logistics and smooth material 

handling are essential for daily operations. Forklifts play a central role in internal logistics: 

they are used for moving raw materials, transporting finished products, and managing 

processes before and after production. Diesel forklifts have long been a common solution 

due to their performance, reliability, and reasonable cost. 

In recent years, however, the operating environment has changed. The wood products 

industry is among the most resource-intensive sectors and has a significant impact on both 

the environment and society. Increasingly strict regulations, rising customer demands for 

sustainability, and tightening climate goals have brought sustainable development to the core 

of business operations. Companies are now expected to act responsibly, not only due to legal 

obligations, but also in response to the expectations of customers, investors, and their own 

strategic policies. As a result, fossil fuel-based solutions such as diesel forklifts are being 

critically re-evaluated for their climate impact and risks to the working environment. 
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The need for this thesis arose after the case company updated its sustainability programme. 

The strategy emphasized the importance of assessing operations from a more comprehensive 

sustainability perspective, which raised the question of how the current forklift solutions 

support the company’s sustainability goals. Consequently, there was a need to identify which 

forklift technologies would genuinely support the company’s sustainability objectives and 

be viable in an industrial setting.  

1.2  Case company introduction 

Koskisen Oyj is a Finnish wood processing company with a history dating back to 1909. The 

group operates in two main business areas: the sawmill industry, which focuses on sawn 

timber and processed wood products, and the panel industry, which includes plywood, thin 

plywood, veneer, chipboard, and interior solutions for light commercial vehicles under the 

Kore brand. The company has production facilities in Järvelä and Hirvensalmi, Finland, as 

well as in Toporów and Skwierzyna, Poland. Koskisen Group employs approximately 943 

people (Koskisen Annual Report 2024, 4). 

This study focuses on the Koskisen plywood and chipboard factories in the Koskisen Panel 

industry. These units constitute, in terms of production scale and environment, a heavy 

internal logistics operation with continuous material flows. The factories in the Panel 

industry operate either in two or three shifts and use around 30 forklifts every day to move 

raw materials, handle inter-production and transport finished products. 

1.2.1  Sustainability programme 

In June 2024, Koskisen published a comprehensive sustainability programme, based on a 

double materiality analysis, linking the company's key sustainability issues. The 

sustainability programme was built as part of Koskisen's strategy process, resulting in a 

strong strategic link and incorporating key sustainability priorities as a core part of 

operational activities. (Koskisen 2024)  
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Koskisen’s sustainability programme provides an important framework through which 

forklift technology choices can be examined from the perspective of the company's 

sustainable development goals. The sustainability programme places particular emphasis on 

emission reduction targets, resource efficiency, well-being at work and supply chain 

responsibility. All these themes are closely linked to internal logistics and material handling. 

Koskisen's entire sustainability programme can be found in Annex 1, but in this section the 

linked objectives relating specifically to forklift technologies are highlighted.  

According to the sustainability programme, Koskisen’s business foundation is built on a 

holistic approach to responsibility, which takes into account the environment, human rights, 

local communities, networks, and the entire supply chain. These principles guide both 

management practices and day-to-day operations. One of the key priorities of Koskisen's 

sustainability programme is to reduce climate emissions and improve energy efficiency. The 

company monitors, among other things, specific energy consumption, the share of renewable 

energy and Scope 1-3 emissions. By 2027, the aim is to halve emissions from its own 

operations (Scope 1+2) and reduce emissions from its value chain (Scope 3) by 20%. 

(Koskisen 2025, 6) Climate and energy-related sustainability objectives are illustrated in 

Figure 1. 

 

Figure 1. Koskisen’s climate and energy-related sustainability objectives. (Koskisen 2025) 
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Another key part of Koskisen's sustainability programme is the promotion of resource 

efficiency and the circular economy. The aim is to achieve a 60% raw material recovery rate 

in long-life wood products and to increase the share of recycled materials to 5%. In addition, 

product development will focus on developing circular economy solutions. Forklift 

technologies are linked to this through material flow management. Energy efficient forklifts 

that maximize their lifetime will reduce material and logistical waste. In addition, the 

controlled and planned use of forklifts can contribute to the efficiency of internal logistics, 

which is an essential element of overall resource efficiency. (Koskisen 2025, 8) Bioeconomy 

and circular economy objectives are illustrated in Figure 2. 

 

Figure 2. Koskisen’s bioeconomy and circular economy objectives. (Koskisen 2025) 

Koskisen's sustainability programme also emphasizes staff wellbeing, occupational safety 

and competence development. Key indicators include the frequency of accidents at work 

(LTA1), the results of well-being at work surveys, training hours per person and the coverage 

of internal equality training. The aim is to reduce the number of accidents, to achieve a high 

level of perceived well-being at work and to continuously improve staff skills. (Koskisen 

2025, 10) Forklifts have a direct impact on working conditions in the production 

environment. Koskisen's sustainability objectives related to occupational health, wellbeing 

and training can be found in Figure 3. 
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Figure 3. Koskisen’s occupational health, well-being and training-related sustainability 

objectives. (Koskisen 2025) 

1.3  Research questions 

The purpose of this study is to examine and evaluate the key factors influencing the 

sustainability of different forklift technologies within the wood products industry. The focus 

is on diesel, electric, and hydrogen forklifts. The research is conducted to support the case 

company's transition away from diesel-powered equipment toward more sustainable 

alternatives. This transition aligns with broader developments in green business practices 

and the increasing strategic emphasis on environmental responsibility in industrial 

operations. The main research question of the study is: 

RQ1: What are the key sustainability factors influencing the selection of forklift 

technologies (diesel, electric, or hydrogen) in the wood products industry? 

The sub-questions are derived from the main research question and support the solution of 

the main research question, each from its own perspective. Together, they form a package 

that allows for a comprehensive consideration of sustainability factors in the selection of 

forklift technologies. 
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The first sub-question deepens the understanding of which negative sustainability factors, 

such as emission constraints, resource scarcity or energy origin, may limit or prevent the 

uptake of a particular forklift technology. The first sub-question is: 

SQ1:  What are the key sustainability-related risks associated with diesel, electric, and 

hydrogen forklift technologies? 

 

The second sub-question looks at the opposite perspective and examines the sustainability 

benefits that electric and hydrogen solutions can offer, for example in terms of emission 

reductions, energy efficiency or green image. The second sub-question is: 

SQ2: What sustainability-driven opportunities are offered by electric and hydrogen 

forklift technologies? 

 

By looking at sustainability in relation to other criteria for selecting a procurement, such as 

cost, technical suitability or availability, the third sub-question helps to assess the real weight 

of sustainability in decision-making. This is a key question for the main question, as it will 

help to determine the extent to which sustainability factors influence the choice of forklift 

technology compared to other factors. The third sub-question is: 

SQ3:  How is sustainability considered in relation to other criteria in the procurement 

of forklift technology? 

The fourth sub-question examines how different forklift technologies support the company's 

strategic sustainability objectives. It highlights the role of sustainability in procurement 

decisions and long-term development and shows that sustainability criteria are not isolated 

technical aspects but are closely linked to the company's wider sustainability strategy. The 

fourth sub-question is: 

SQ4: How do diesel, electric, and hydrogen forklifts impact sustainability objectives? 
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1.4  Structure of the study 

The content of the study consists of a theoretical part and an empirical part. The first chapter 

presents the background to the study, the case company, the research questions, structure of 

the study, key concepts, limitations and previous studies. Chapters two and three provide the 

theoretical framework: chapter two introduces sustainability in business and the dimensions 

of sustainability, chapter three focuses on sustainable procurement, product sustainability 

assessment and introduces shortly forklift technologies.  

The empirical part starts from the chapter four. It presents the research methods, data 

collection, interviewees and analysis, and discusses the validity and reliability of the study. 

Chapter five presents the results of the study. Chapter six presents the discussion and answers 

to the research questions. The last chapter presents the conclusions of the study. It discusses 

the theoretical and practical implications of the findings, provides recommendations for the 

case company and similar organizations, and suggests directions for future research. 

1.5  Conceptual framework 

The conceptual framework of this study is based on the view that sustainability is not only a 

strategic objective, but also a guiding principle for practical decision-making. The 

framework builds on a broad understanding of sustainability that highlights the importance 

of responsibility in business. A key perspective within this framework is Corporate Social 

Responsibility (CSR), which defines a company's overall responsibility for the environment, 

society, and the economy. CSR serves as a guiding principle that integrates sustainability 

into daily business operations. 

This principle is further refined by the Triple Bottom Line (TBL) model, which divides 

sustainability into three complementary dimensions: economic, environmental, and social 

sustainability. TBL offers a structure through which companies can organize and measure 

their sustainability goals. TBL does not prescribe specific indicators but functions as a 

flexible structure that companies can adapt to their own needs when defining sustainability 
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targets and measurement practices. These principles are made concrete through companies’ 

sustainability programmes and reporting practices.  

Sustainability programmes transform strategic sustainability objectives into operational 

actions. Sustainability reporting is also often structured according to the three dimensions of 

the TBL, allowing companies to report separately on economic, social, and environmental 

impacts. Reporting serves both as a development tool and as communication to stakeholders. 

Another central concept of the framework is sustainable procurement, which examines how 

different dimensions of sustainability influence technology choices. Traditional procurement 

criteria such as price, quality, and delivery reliability are increasingly complemented by 

environmental and social responsibility considerations. Procurement decisions are also 

supported by product sustainability assessment, which examines the life-cycle impacts of 

products using an evaluation framework. In this context, the forklift technologies under 

study are also briefly introduced to clarify the evaluation criteria and the context for their 

comparison. 

This framework illustrates how broad sustainability principles and strategic objectives are 

translated into practice through sustainability programmes, indicators, and procurement 

criteria. It helps to understand how different dimensions of sustainability affect technology 

choices and provides a clear structure for addressing the research questions and analyzing 

the results. 

1.6  Key concepts 

Sustainability refers to the long-term balance between environmental, social, and economic 

goals. It is based on the principle that present needs should be met without compromising 

the ability of future generations to meet their own. While sustainability can be understood 

as the capacity to maintain viability over time, in today's context it has evolved into a 

complex and value-laden concept, closely associated with environmental responsibility and 

societal progress. (Visser et al. 2010, 335). 
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Forklift is a powered vehicle used to lift and transport materials over short distances in 

industrial environments such as warehouses and manufacturing factories. Forklifts are 

available with various power sources, including diesel, gasoline, propane, electricity, and 

hydrogen fuel cells. In addition to their load-handling function, certain forklift types offer 

advantages like zero emissions, improved productivity, and more efficient use of warehouse 

space. (Harris & Rao 2009, 1) 

Corporate Social Responsibility (CSR) describes a company’s comprehensive 

responsibility for the environmental, social, and economic consequences of its actions. It 

reflects the growing expectation that businesses have obligations not only to their 

shareholders but also to broader societal stakeholders, such as employees, customers, 

communities, governments, and the natural environment. In this study, CSR refers to the 

voluntary integration of sustainability principles into core business practices and decision-

making. It forms the strategic foundation for how sustainability is embedded into corporate 

policies and procurement choices. (Visser et al. 2010, 111) 

Sustainable procurement is about integrating environmental, social and economic 

sustainability into procurement and supplier selection processes. In practice, this means that 

procurement decisions are not only based on price, quality and security of supply, but also 

take into account factors such as energy efficiency, carbon emissions, product recyclability, 

working conditions and human rights in the supply chain. It aims to maximise positive 

impacts throughout the life cycle of a product or service while minimising negative impacts. 

(Schmidt 2024, 156-157) 

Life Cycle Thinking (LCT) is a way of thinking that takes into account the environmental, 

economic and social impacts of a product throughout its life cycle. This means looking at 

impacts from raw material sourcing and energy production, through manufacturing and 

logistics, to product use and finally to disposal, recycling or end-of-life. (Schmidt 2024, 27-

28) 

Sustainability indicator is a qualitative or quantitative measure that assesses the 

environmental, economic and social impacts of a product or process. Indicators describe the 
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state or performance of a given phenomenon and are measured by performance indicators, 

which can be absolute or relative. Sustainability assessment requires carefully selected 

indicators and an integrated approach to ensure that different aspects of sustainability are 

considered in a balanced way (Shuaib et al. 2014, 492). 

1.7  Limitations 

This study is a qualitative case study focusing on the perspectives of a single Finnish wood 

products company in comparing sustainable forklift technologies. The research design 

provides in-depth contextual understanding but also involves certain limitations that should 

be acknowledged. 

The study is based on a limited number of expert interviews from one organization. Although 

the interviewees represent various areas of sustainability and provide a diverse perspective, 

the data does not cover external stakeholders such as suppliers, subcontractors, or end-users 

from other units. This limits the scope of insight, particularly regarding the broader supply 

chain and the industry as a whole. 

Also, the study does not include quantitative evaluation or technical measurements, as the 

focus was on sustainability as a criterion for technology selection. Therefore, the findings 

complement but do not replace a comprehensive economic analysis. For example, life cycle-

based emission estimates, energy consumption, or total cost calculations are outside the 

scope of the study, meaning that the comparison between technologies relies on qualitative 

assessments. This may affect the repeatability of the evaluation or its usability in numerical 

decision-making. 

Regarding hydrogen forklifts, the observations are predictive and based on perceptions of 

potential impacts, as the technology has not yet been implemented at the case company. This 

inevitably creates an asymmetry compared to diesel and electric forklifts, for which 

interviewees had more concrete experience. The assessment of hydrogen technology is 

therefore partly based on hypothetical assumptions and literature. 
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It is also important to note that the technologies considered are evolving rapidly. Changes in 

regulations, energy systems, and technical infrastructure may all influence which technology 

is the most practical or sustainable in the future. For this reason, the findings of this study 

mainly reflect the situation at the time of the research. 

1.8  Previous studies 

Previous research on the sustainability of forklift technologies was searched in scientific 

databases using keywords such as forklift sustainability, diesel forklift sustainability, electric 

forklift sustainability, hydrogen forklift sustainability, forklift LCT, and forklift LCA. Peer-

reviewed articles focusing on environmental impact, energy consumption, safety, and the 

comparison of different propulsion systems in an industrial context were selected for review. 

Earlier studies have particularly focused on assessing the negative impacts of diesel forklifts. 

Exhaust emissions have been identified as harmful to environmental quality and pose health 

risks, especially in enclosed working environments. Research on electric and hydrogen 

solutions emphasizes their potential for emission reduction and integration with renewable 

energy. Hydrogen fuel cell technologies have been examined from both technological and 

economic perspectives.  

From a safety perspective, studies have also addressed the risks related to electric forklift 

batteries, such as chemical hazards and unsafe operating conditions. While existing research 

offers valuable insights into environmental and technical impacts, the social dimension and 

practical applicability in industrial settings have received less attention. In particular, the 

link between forklift technology and broader sustainability goals has been addressed in a 

fragmented and often limited manner. A comprehensive assessment of how different forklift 

technologies support a company’s strategic sustainability objectives was not found. 

Moreover, studies comparing all three technologies within a consistent framework are rare. 

A multidimensional approach that integrates environmental, economic, and social 

perspectives is largely lacking. 



22 

 

From the perspective of procurement and management, earlier research has examined the 

adoption of cleaner technologies in logistics, but the connection between practical decision-

making and sustainability is often superficial. For example, social aspects of sustainability 

have been only marginally addressed, despite their significance in daily operations. 

Similarly, the relationship between forklift technologies and company-level sustainability 

goals, such as emission reductions or ESG reporting has remained fragmented in the 

literature. 

This thesis aims to fill this research gap by holistically assessing the sustainability of diesel, 

electric, and hydrogen forklifts in the practical operational and procurement context of the 

wood products industry, and by examining how these technologies relate to the company’s 

sustainability strategy. 

2  Sustainability in business 

Sustainability has become an essential part of modern business thinking, although its origins 

trace back to much earlier philosophical and economic debates (Linton et al. 2007, 107). 

Until the early 1990s, sustainability was often seen as a financial burden, and environmental 

or social initiatives were thought to conflict with profitability (Porter & Van der Linde 1995, 

97). However, later studies revealed a positive correlation between environmental and 

financial performance, which prompted businesses to reconsider their strategic priorities and 

the role of environmental issues in decision-making (Svensson & Wagner 2012, 545) 

One of the most commonly cited definitions of sustainable development originates from 

UN’s Brundtland Commission, which describes it as development that “meets the needs of 

the present without compromising the ability of future generations to meet their own needs” 

(Brundtland Comission 1987). Cavagnaro and Curiel (2023, 23) summarize the purpose of 

sustainability as improving the quality of life through three key pillars: responsible economic 

growth, social equity, and environmental protection. In line with this, sustainability is 

increasingly understood as an overarching concept that involves not only environmental 

protection but also ethics, development, and social justice (Robinson 2012, 12). 
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2.1  Corporate social responsibility 

As sustainability has become an established business priority, corporate social responsibility 

(CSR) has emerged as a key framework for putting sustainability into practice. CSR refers 

to a company’s responsibility for the positive and negative impacts of its operations on 

people, society, and the environment. While company operations are regulated by law, CSR 

is primarily a voluntary, socially motivated responsibility. (Vanhala et al. 2022, 22–24). As 

public awareness of global challenges has grown, companies have taken more active roles 

in supporting sustainable development (Linton et al. 2007, 1077). 

CSR should not be limited to individual projects or image management. True responsibility 

requires embedding sustainability into the company’s core strategy, daily practices, and 

organizational culture (Mangla 2019, 27). This shift reflects a broader economic transition 

toward low-carbon, resource-efficient business models. Companies that incorporate 

sustainability into their business decisions can achieve significant benefits. Improving 

energy efficiency reduces operational costs, and proactive measures help prepare for future 

environmental regulations, such as restrictions on carbon dioxide emissions. Sustainable 

solutions often also offer an attractive return on investment, making them economically 

viable in the long term. Additionally, integrating sustainability into business operations can 

strengthen a company’s reputation and competitive advantage, especially in markets where 

customers and stakeholders value environmental responsibility. (Yudelson 2010, 2)  

While CSR and sustainability are closely related, they serve different functions. CSR refers 

to the company’s means of taking responsibility, often through concrete voluntary actions. 

Sustainability represents the strategic goal, guiding long-term development in a broader 

societal and ecological context (Christensen et al. 2021, 1181). However, the voluntary 

nature of CSR also brings risks. Without binding rules or transparent evaluation 

mechanisms, CSR initiatives may become superficial or driven primarily by reputational 

gain—an issue often referred to as greenwashing (Torelli et al. 2020, 407–408). This 

underlines the need to critically assess whether corporate sustainability programmes truly 

contribute to broader environmental and social goals. 
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2.2  Three dimensions of sustainability 

Early sustainability research focused primarily on environmental issues, but later attention 

has shifted to the Triple Bottom Line (TBL) theory, which divides sustainability into 

economic, social, and environmental dimensions. These three perspectives are often viewed 

as separate objectives, although a better way to understand them is through the so-called 3P 

model, which consists of People, Profit, and Planet. The goal of the model is not to maximize 

each dimension individually but to find a balance between them so that the development of 

one does not occur at the expense of the others (Mangla 2019, 27). 

John Elkington first introduced this well-known Triple Bottom Line model of sustainability 

in 1997 in his article "Partnerships from Cannibals with Forks: The Triple Bottom Line of 

21st-Century Business" (Elkington, 1997). According to TBL theory, activities lie at the 

intersection of a company's social, environmental, and economic performance that not only 

have a positive impact on nature and society but also lead to financial benefits and the 

achievement of a competitive advantage (Carter & Rogers 2008, 364–365). 

However, applying the TBL framework can be difficult for companies because there is no 

universally agreed measurement method. On the other hand, this openness of metrics is also 

its strength, as it allows TBL to be adapted to the needs of different organizations. TBL has 

changed the way companies measure sustainability and, despite its challenges, has helped 

them evaluate the long-term impacts of their decisions (Slaper & Hall 2011, 4, 8). The 

following Figure 4. illustrates the interconnected dimensions of the TBL framework. 
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Figure 4. Triple Bottom Line (adapted from Wilson 2015) 

Economic sustainability refers to a company’s ability to operate profitably and responsibly 

over the long term. As Carroll (2016, 4) points out, financial stability is the foundation for 

achieving environmental and social goals. Key elements include employment, business 

continuity and the impact of operations on labour markets and ecosystems (Slaper & Hall 

2011, 5). It also includes the company's financial performance, market position, indirect 

economic impacts and procurement practices (Wilson 2015, 434) At the operational level, 

economic responsibility may involve restructuring procurement functions for greater 

sustainability, enhancing the skills and awareness of purchasing staff through training, or 

improving supply chain efficiency through supplier collaboration (Miemczyk et al. 2012, 

204). 

Environmental sustainability involves the sustainable use of natural resources. It includes 

assessing a company’s environmental risks, ensuring the sustainable and efficient use of raw 

materials and energy, and minimizing harmful emissions, such as by preventing 

environmental damage. A company is also obligated to compensate for and restore the 

environmental harm it has caused (Ilomäki et al. 2007, 10–11). Other key environmental 

considerations include air quality, electricity consumption, and the use of fossil fuels (Slaper 

& Hall 2011, 5). The use of natural resources can also affect the landscape and the quality 

of the environment, for example through dust and other emissions (Epstein et al. 2014, 13). 

Environmental benefits can be achieved, for example, by reducing air pollution and 

improving the quality of drinking water and living environments (Palalić 2024, 8). 
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Social sustainability refers to a company’s ethical commitment to contribute to the wellbeing 

of individuals and communities. Its goal is to enhance the well-being of employees, their 

families, surrounding communities, and broader society. (Castka & Balzarova 2008, 276). It 

involves areas such as equality, anti-discrimination, diversity, poverty reduction, education, 

child labour prevention, health, occupational safety, and ethical business practices (Mani et 

al. 2015, 1017-1018). It also encompasses working conditions, health impacts, and 

workplace risks such as noise and dust exposure (Epstein et al. 2014, 13). Social 

sustainability can be measured using indicators such as gender balance in the workforce, 

unemployment rates, education levels, average working hours, employee training hours, and 

charitable contributions (Slaper & Hall 2011, 5-6). 

2.3  Sustainability programmes 

Sustainability programme is a set of coordinated strategic measures through which 

companies commit to the principles of sustainability and actively promote sustainable 

development (Epstein et al. 2014, 2-3). According to Lee (2019, 227-228), sustainability 

programmes have become more common, especially in developed countries, due to the 

influence of environmental organizations, public opinion and regulatory developments. 

Companies use sustainability programmes to reduce their environmental impacts, 

communicate their sustainability efforts and develop cooperation with non-governmental 

organizations. The key objectives of sustainability programmes are to embed a culture of 

sustainability in the organization, to communicate sustainability plans externally, especially 

in partnership with stakeholders, and to build trust and acceptance. 

Developing a sustainability programme requires a strong commitment from management. 

Sustainability performance starts with the active involvement of management in defining 

and implementing the organization’s mission, vision and strategy. While management 

support is essential, commitment alone is not enough - sustainability must also drive the day-

to-day activities of the entire organization. In this way, sustainability becomes a core part of 

the company's values and not just a reaction to regulatory requirements. Successful 

implementation requires continuous commitment and reinforcement at all levels of the 

organization (Epstein et al. 2014, 74-75). 



27 

 

Although the implementation and evaluation of sustainability programmes is mostly not 

regulated by legislation, companies are facing increasing pressure from stakeholders such as 

investors, customers, suppliers, employees and non-governmental organizations to increase 

their accountability and transparency. This pressure relates in particular to the reduction of 

environmental impacts and their systematic reporting, for example in annual reports or 

sustainability reports. Public attention can arise either from sustainability failures or from 

positive steps forward (Lee 2019, 227-228; Trites 2024, 11). 

More and more organisations are setting concrete targets for their sustainability programmes 

and monitoring progress using various environmental indicators, such as energy 

consumption and GHG emissions. Additionally, companies may report emission intensity 

relative to turnover or headcount, and the amount of offset emissions. Broader assessments 

may also include supply chain emissions, business travel impacts and purchased goods and 

services (Trites 2024, 60–61). 

Companies’ sustainability programmes aim to respond to growing demands for 

responsibility and to ensure that sustainability is reflected in concrete business actions, not 

only in communication or reporting. However, implementation is not always 

straightforward. Business environments, customer expectations and available resources vary 

significantly, influencing which sustainability solutions are viable and impactful in each 

context. Therefore, programmes must be tailored to the company’s specific needs, goals and 

circumstances. This requires both top-level commitment and an operational understanding 

of how sustainability can be integrated into daily business practice. Only then can these 

programmes effectively guide action and create value for both the company and its 

stakeholders (Engert & Baumgartner 2016, 822–824). 

2.4  Sustainability reporting 

Sustainability reporting refers to the process through which a company measures, discloses, 

and communicates its activities related to corporate responsibility, particularly in terms of 

environmental, social, and governance (ESG) aspects. This information can be presented 

either as part of the company’s annual report or in a separate sustainability or corporate 
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responsibility report. The aim is to enhance transparency and demonstrate the company’s 

sustainability to stakeholders such as investors, customers, and authorities. Companies often 

use established reporting frameworks to guide the structure and content of their reports. In 

addition, some companies choose to have their reports externally assured by an auditor or 

another third-party expert to ensure reliability. (Christensen et al. 2021, 1181–1182) The aim 

is also to identify suggestions for improvement and guide decision-making towards more 

sustainable solutions. Well-designed sustainability metrics support both internal 

management and external stakeholder confidence and are a key component of modern 

sustainability programmes (Trites, 2024, 58-61). 

To ensure comparability and credibility, companies increasingly rely on established 

frameworks, such as the Global Reporting Initiative (GRI). GRI provides structured 

guidelines for identifying material ESG topics and converting sustainability efforts into 

measurable indicators. (Global Reporting Initiative 2023, 1–2). These frameworks help both 

internal performance monitoring and external communication, allowing stakeholders to 

assess the credibility of sustainability practices. (White 2015, 32–33).  

In the European context, sustainability reporting is increasingly becoming a legal 

requirement. For example, the EU's Corporate Sustainability Reporting Directive (CSRD) 

requires certain companies to publish structured and standardised sustainability information 

as part of their annual or sustainability reporting. The CSRD requires companies to conduct 

a double materiality assessment, identifying both the company's impacts on the environment 

and society and the economic impacts of sustainability risks on the company. The process 

of identifying material topics plays a central role in supporting organizations in determining 

which environmental, social, and economic impacts are most relevant to their operations. 

This process also provides a structured foundation for planning sustainability actions and for 

subsequent sustainability reporting. (Global Reporting Initiative 2023, 1-2). 

Sustainability reporting has evolved significantly in recent years, with a focus on clear, 

measurable indicators to assess the implementation of environmental responsibility. Well-

designed reporting increases transparency and provides tools for strategic management and 

stakeholder communication. Key indicators related to the United Nations' Sustainable 
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Development Goals (SDGs), such as emissions reduction, promotion of renewable energy, 

energy efficiency, material efficiency, circular economy or decent work, can be used as a 

reporting content framework and to target impacts (United Nations, 2025).  

Sustainability programmes and responsibility reporting form a complementary whole in a 

company's sustainability activities. Sustainability programmes define the strategic measures 

and objectives through which an organization aims to promote sustainability in practice. 

Sustainability reporting provides the means to measure, monitor and openly communicate 

these measures to stakeholders. Programmes are therefore at the heart of the action, while 

reporting ensures transparency, evaluability and the possibility for continuous improvement. 

3  Sustainable procurement 

This chapter presents the theoretical framework used to evaluate the sustainability of forklift 

technologies in procurement decisions. It begins by examining how sustainability can be 

integrated into procurement practices, product assessments, and life cycle thinking. The 

chapter then introduces the forklift technologies that serve as the context for this study, 

before moving on to sustainability indicators. Finally, it presents the multi-criteria evaluation 

matrix and links the theoretical framework to the research questions. 

Sustainable procurement is more than just ensuring compliance or controlling costs—it is a 

strategic approach that enables organisations to influence not only their own operations but 

also the entire supply chain. At its core, it involves the integration of environmental, social, 

and economic considerations into purchasing decisions and supply chain management. 

According to Walker and Brammer (2012, 257), sustainable procurement supports 

sustainable development by aligning procurement activities with broader sustainability 

objectives. This strategic approach extends to incorporating environmental, economic, and 

ethical criteria into supplier selection, procurement policies, and collaboration practices. 

(Waqar et al. 2025, 2). 
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Sustainable procurement has become an increasingly important practice as organizations 

strive to advance the SDGs. These goals provide a widely recognized framework for 

integrating sustainability principles into procurement and logistics operations. These 

principles are not only theoretical but are directly linked to global development objectives. 

Procurement plays a central role in supporting several of the SDGs, by serving as a strategic 

lever for influencing resource use and supplier selection. (Waqar et al. 2025, 1). 

The development of sustainable procurement requires human-centred and environmentally 

friendly approaches that go beyond traditional efficiency and profit-driven models. In 

practice, this involves systematic supplier evaluation based on clear and comprehensive 

criteria. Such evaluation frameworks enable a holistic assessment of suppliers from the 

perspective of various stakeholders. This allows companies to select partners that support 

their sustainability goals while also reducing environmental and social risks across the 

supply chain. Often, it is the practices of suppliers that pose the greatest sustainability 

challenges, especially when unsustainable methods are applied at various stages of 

production (Kumrawat & Unnikrishnan, 2025, 1–3). 

3.1  Integrating sustainability into procurement practices 

While the principles of sustainable procurement are well established, their integration into 

daily procurement practices presents practical challenges. Sustainability does not replace 

traditional procurement criteria such as price, quality and delivery reliability but rather 

complements them. Particularly in sectors like manufacturing, it is increasingly viewed as a 

strategic means of enhancing long-term competitiveness (Meehan & Bryde 2011, 95–96). 

Sustainable procurement practices can support an organization’s overall strategy and risk 

management. In practice, this means evaluating suppliers based on environmental impacts, 

product recyclability, energy efficiency, and social responsibility. It requires suppliers to 

offer sustainable solutions and commit to continuous improvement, with performance being 

monitored regularly (Khan et al. 2023, 2028-2029). 

Often, organizations' sustainability efforts focus particularly on environmental aspects, such 

as energy efficiency and emission reduction, while social and economic dimensions are 
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neglected. A key challenge is that sustainability objectives defined at strategic level are not 

always translated into practical procurement actions. New sustainability criteria may appear 

unclear or contradictory to traditional performance indicators. In such cases, procurement 

experts may interpret targets based on old approaches, which prevents real change (Meehan 

& Bryde 2011, 101-103). 

Organizational culture plays a central role in how sustainability goals are translated from 

strategy into actual procurement decisions. Culture shapes managerial and employee 

behaviour, values and decision-making and also attitudes toward change and sustainability 

criteria. To embed sustainability practices throughout the organization, structures that 

support learning, training and clear operational models are needed. Environmental goals 

should be reflected across all departments and functions. However, internal subcultures, such 

as those between procurement, production and sales, can slow down change if not supported 

by strong leadership and long-term change management (Fietz & Günther 2022, 35-36). 

Improving the procurement process requires that sustainability aspects are systematically 

integrated into the supplier assessment. Instead of just traditional criteria such as price and 

quality, organizations should also consider logistics-related sustainability indicators such as 

emission reduction, energy-efficient storage and the implementation of circular economy 

principles in suppliers' operations. By integrating sourcing decisions into a broader 

sustainable logistics strategy, significant improvements can be made in areas such as 

managing waste and emissions levels and improving resource efficiency, thereby supporting 

an organization’s sustainability goals (Waqar et al. 2025, 12). 

At the same time, effective collaboration between procurement and logistics functions 

becomes even more important. The development of common strategies, such as the use of 

low-emission transport modes, optimized packaging and incentives for responsible supply, 

lays the foundation for a more sustainable supply chain. In this way, sustainability can be 

embedded in the whole supply chain and procurement system structure, rather than being 

seen as a single measure (Waqar et al. 2025, 12). 
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In an industrial environment such as the wood products industry, where forklifts are a key 

part of internal logistics and production flow, it is important to make purchasing decisions 

that take into account both operational and sustainability aspects. Sustainability metrics and 

assessment tools provide a concrete way to compare different forklift technologies in terms 

of environmental impact, energy efficiency or usability, for example. They help buyers to 

identify the strengths and weaknesses of alternatives and guide them towards more 

sustainable solutions.  

3.2  Product sustainability assessment 

Assessing product sustainability is a key part of developing sustainable business practices. 

The role of both manufacturers and consumers in promoting responsible products has 

become more pronounced, and the development of ecologically and socially sustainable 

innovations is seen as an important way to support the goals of sustainable development. 

Corporate responsibility today also extends to the types of products companies bring to 

market and how those products impact the environment and society throughout their life 

cycle (Karman & Lipowski 2024, 1082-1083). 

Today, many organizations are no longer willing to develop innovations that do not consider 

environmental sustainability. Addressing product sustainability not only helps companies 

meet their responsibility obligations but also offers an opportunity for competitive 

advantage. The role of green innovation is seen as critical, especially among successful 

organizations. Developing sustainable products is therefore an essential part of strategic 

responsibility and can help differentiate a company from its competitors and increase 

customer trust (Fleith de Medeiros et al. 2022, 1–2). 

In addition to business benefits, sustainable products play a vital role on a societal level. 

Environmentally friendly innovations, whether entirely new or improved products, 

processes or practices, can reduce harmful environmental impacts and promote sustainable 

production across sectors (Fleith de Medeiros et al. 2022, 1–2). However, evaluating 

sustainability requires concrete metrics and methods that allow for a systematic assessment 

of a product's environmental, economic, and social effects across its entire life cycle. 
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3.2.1  Life cycle thinking 

Product sustainability is increasingly being considered from a Life Cycle Thinking (LCT) 

perspective. This approach covers the entire life cycle of a product, from the origin of raw 

materials and the environmental impact of production processes to its use characteristics and 

its final treatment, such as recycling or disposal. LCT also assesses product design solutions, 

opportunities for life cycle extension and the use of side streams - factors that directly affect 

resource efficiency and environmental impact (Schmidt 2024, 27-28). 

At the heart of LCT approach is the objective of understanding impacts holistically: to 

identify the stages of the life cycle where environmental or social impacts are greatest, and 

to target sustainability improvement measures at these points. LCT provides the basis for 

sustainability assessment and strategic decision-making, guiding product development and 

sourcing towards more sustainable solutions across the value chain. It includes several 

approaches depending on scope: cradle-to-gate focuses on manufacturing stages, cradle-to-

grave includes product use and disposal, while cradle-to-cradle aligns with circular economy 

principles. For vehicles and mobile equipment, specific models such as well-to-wheel are 

used (Schmidt 2024, 27–28). 

One of the most established quantitative methods is Life Cycle Assessment (LCA), which 

examines the environmental impacts of a product from raw material extraction to end-of-life 

(Shuaib et al. 2014, 493). While LCA is widely used, it focuses primarily on environmental 

aspects and does not provide a full sustainability evaluation. To address this limitation, 

complementary methods have been developed: Life Cycle Costing (LCC) covers economic 

costs across the life cycle, while Social Life Cycle Assessment (sLCA) addresses social and 

socio-economic impacts. Together, these approaches form the Life Cycle Sustainability 

Assessment (LCSA) framework, which integrates environmental, economic, and social 

assessments in line with the TBL principle (Dyllick & Rost 2017, 351). 

Evaluating sustainability based on the life cycle perspective requires selecting relevant 

indicators that cover the full range of potential impacts. While life cycle-based methods help 

identify key sustainability dimensions, the complexity of interdependencies between 
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indicators can make it difficult to construct a clear hierarchical system. In the context of 

product sustainability assessment, it is essential to identify and prioritize the most relevant 

indicators, as assessing all possible criteria comprehensively is rarely feasible in practice. 

(He et al. 2019, 238–239; Shuaib et al. 2014, 492). Focusing on the most relevant indicators 

from a product and context perspective can ensure that the assessment remains manageable 

and relevant for decision making. 

3.2.2  Qualitative and quantitative methods  

Sustainability assessment methods are generally divided into two main categories: 

qualitative and quantitative. Qualitative methods rely on expert judgment and are typically 

subjective in nature, whereas quantitative methods use computational and statistical tools to 

produce measurable and comparable results. Both approaches are relevant and often 

complementary, especially in complex assessments involving multiple sustainability 

dimensions (He et al. 2019, 238–239). 

Qualitative methods emphasize the qualitative characteristics of indicators rather than 

numerical measurement. A typical example is a qualitative checklist or scorecard that 

assesses sustainability through questions or criteria without requiring precise numerical 

values. Quantitative methods, in contrast, aim for a more objective assessment using 

numerical data and calculation models. One example is the weighted fuzzy logic approach, 

which allows for the systematic handling of complex and partially uncertain evaluation 

criteria (He et al. 2019, 249). 

Phillis and Kouikoglou (2009, 11-12) emphasize that sustainability is a multidimensional 

and partly vague concept that cannot be unambiguously described using mathematical 

functions. Sustainability consists of several interrelated and partly subjective variables, 

many of which are difficult to measure precisely. For this reason, qualitative methods based 

on expert knowledge and linguistic evaluation are not only justified but also widely accepted, 

especially when the aim is to build a comprehensive and context-sensitive assessment. 
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3.3  Overview of diesel, electric and hydrogen forklifts 

This chapter presents the three forklift technologies evaluated in this study: diesel, electric, 

and hydrogen forklifts. The technological background helps to understand the principles of 

operation, typical applications, and infrastructure requirements associated with each power 

source. This overview provides essential context for the next chapter, which introduces the 

indicators used to assess sustainability. 

Diesel forklifts are among the most common types of internal combustion engine-powered 

forklifts and still account for a significant share of the market (40%). They are suitable for 

both indoor and outdoor use, depending on ventilation and emission requirements. Similar 

combustion engine models can also run on other fuels, such as liquefied petroleum gas, 

petrol, or compressed natural gas, depending on local infrastructure and equipment 

compatibility (Toyota Forklift, 2018). They can use also alternative fuels such as biodiesel 

and renewable diesel (Linde Material Handling, 2022). Modern diesel engines often use 

emission control technologies, such as particulate filters, but they are not completely 

emission-free (Pang et al. 2021, 34–35). 

Electric forklifts operate using electric motors powered by an onboard rechargeable battery. 

Electricity is used for driving as well as for hydraulic functions such as lifting and tilting. 

Lead-acid and lithium-ion batteries are the most common battery types. Lead-acid batteries 

work through a chemical reaction between lead plates and sulfuric acid and remain widely 

used. They require an external charger and are prone to energy losses and performance 

degradation over long usage periods. Lithium-ion batteries operate by moving lithium and 

other metal cations between electrodes. They offer higher energy efficiency, fast charging, 

and consistent power output. They can also eliminate the need for dedicated charging rooms. 

Electric forklifts rely on externally generated electricity stored in the battery. The vehicle 

itself does not produce energy but stores and uses it later, making it an example of direct 

electrification (Hy-Tek, 2024). 

Hydrogen forklifts derive energy from a fuel cell in which hydrogen and oxygen react to 

generate electricity, heat, and water. Hydrogen serves as an energy carrier, with the energy 
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used to produce it (e.g., electricity) being generated elsewhere (LUT University 2023; 

Vetylaitos 2025). A hydrogen forklift is essentially an electric forklift where the traditional 

battery has been replaced by a fuel cell system. This system includes a hydrogen tank, fuel 

cell stack, a small lithium-ion battery, and a cooling unit. The lithium-ion battery balances 

power demands and stores braking energy (Toyota Material Handling 2025a). Hydrogen is 

typically produced either through steam reforming of fossil fuels or by electrolysis of water. 

In energy systems, hydrogen plays multiple roles: it serves as a fuel, a raw material, and a 

means of energy storage. Due to its low volumetric energy density, hydrogen storage 

requires specific solutions, and integration with other technologies, such as solar panels, 

batteries, and electrolyzers, may be necessary (LUT University 2023). 

This overview of technologies provides the necessary context for assessing their 

sustainability. The next chapter defines the criteria used to evaluate their environmental, 

economic, and social performance. 

3.4  Sustainability indicators 

Assessing the sustainability of products is a complex task, as general definitions of 

sustainability are often only indicative and do not provide unambiguous guidelines for 

evaluating individual products. Given the inherent complexity of products, sustainability 

needs to be assessed at multiple levels and using various indicators. Typically, this involves 

environmental, economic, and social dimensions, which together offer a comprehensive 

view of the overall impact of a product or activity (Shuaib et al. 2014, 492; He et al. 2019, 

238–239). However, there is not widely accepted and standardized indicator framework that 

comprehensively covers TBL dimensions in product-specific assessments. Although 

numerous alternative models have been proposed in the literature, no clear consensus has 

emerged on their application (Mesa et al. 2018, 1431). This underscores the need for 

integrated, comparable, and context-specific assessment tools to support sustainable product 

development. 

According to Jawahir et al. (2006, 5), product sustainability assessment can be structured 

around six key dimensions: environmental impact, resource use and economic efficiency, 
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manufacturability, technical functionality, social impact, and end-of-life performance, 

including recyclability and reusability. These dimensions provide a comprehensive basis for 

evaluating the sustainability of industrial products across their life cycle. 

The following subsections present each of these dimensions and the related key 

subcategories and indicators that can be used to conduct a systematic and transparent 

assessment of forklift technologies. The dimensions have been chosen because they are 

relevant and appropriate for the wood products industry. The choices are based on an 

assessment of the research data to determine which perspectives best support the objectives 

of the study and provide the most relevant information. The evaluation framework does not 

include all possible main and sub-categories but is limited to what is appropriate for 

answering the research questions and for practical implementation.  

3.4.1  Environmental impacts 

Environmental impacts cover the emissions and waste generated throughout a product’s life 

cycle and their effects on the environment. These include greenhouse gases, other air 

pollutants, hazardous substances, as well as solid and liquid wastes that require appropriate 

management (Mesa et al. 2018, 1431). In addition, other forms of emissions such as heat, 

noise, and light pollution are also considered (Shuaib et al. 2014, 497). 

From an environmental perspective, material use includes aspects such as the total amount 

of material in the product, material efficiency, the proportion of recycled materials, and the 

amount of harmful substances. The assessment also considers the use and recycling rate of 

packaging materials. High material efficiency and the use of recycled materials reduce the 

need for virgin raw materials and the environmental burden, while improving the durability 

of the product. At the same time, it is ensured that the materials used meet environmental 

and safety standards (Shuaib et al. 2014, 496; 500). 

Resource and land use refers to the consumption and management of water and other natural 

resources during the product’s life cycle. The assessment includes the amount of water used, 

the proportion of recycled water, the type and quantity of natural resources used, and their 
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compliance with regulatory and certification requirements. Additionally, the use of land for 

storage and infrastructure needs is considered (Shuaib et al. 2014, 496). 

The energy indicator covers energy efficiency, total energy consumption, use of renewable 

energy, and the mode of energy production. Since products consume significant amounts of 

energy during their life cycle, improving energy efficiency and utilizing renewable sources 

are key factors for sustainability. The assessment distinguishes between renewable energy 

sources (solar, hydro, wind) and non-renewable sources (coal, oil, nuclear, natural gas) 

(Shuaib et al. 2014, 496; He et al. 2019, 239). 

In the context of forklift technologies, the assessment of environmental impacts may concern 

various aspects such as the production method and use of different energy sources, 

operational emissions, material choices in battery and frame manufacturing, as well as 

infrastructure requirements like space for charging or refuelling stations. These factors may 

influence environmental performance in different ways depending on the selected 

technology and its specific application context. 

3.4.2  Resource use and economic efficiency 

The economic sustainability of a product is evaluated over its entire life cycle, from 

acquisition and use to maintenance, logistics, and end-of-life handling. In addition to direct 

costs, economic assessments also consider a product’s ability to retain value through 

reusability and recyclability (He et al. 2019, 239). Broader impacts such as operational 

efficiency, innovation, and competitiveness are also key strategic dimensions of economic 

performance (Mesa et al. 2018, 1431–1432). 

A more detailed evaluation includes life cycle cost components such as investment and 

infrastructure costs, operating expenses (e.g. labour, energy, maintenance), and end-of-life 

costs like dismantling or compliance. Quality-related losses, training needs, and warranty 

costs are also important factors. These indicators allow a more precise assessment of cost-

related burdens and opportunities over time (Shuaib et al. 2014, 496). 
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Sustainability can be strengthened by incorporating circular economy and resource 

efficiency principles into product design. While circularity often focuses on material flow, 

attention should also be paid to product functionality and structural complexity. Reusability, 

recyclability, and recoverability are especially important for prolonging material use and 

minimizing waste (Mesa et al. 2018, 1432). 

The resource indicator refers to how efficiently material and technical resources are used. 

This includes consumption rates, recovery potential, and operational reliability. Optimized 

use reduces waste, lowers costs, and increases uptime (He et al. 2019, 239). 

In forklift technologies, economic and resource efficiency can involve various factors, such 

as differences in total ownership costs influenced by replacement intervals of batteries or 

fuel cells, infrastructure requirements, and energy consumption. The use of modular 

components and recyclable frames can be relevant considerations, such as factors like 

equipment uptime and maintenance frequency. 

3.4.3  Manufacturability 

Manufacturability refers to the sustainability of a product’s manufacturing processes, 

including production, assembly, packaging, storage, and transportation. The goal of 

sustainable manufacturability is to produce the product efficiently while minimizing 

environmental impacts. This requires material efficiency and low-emission production 

methods (Shuaib et al. 2014, 494; He et al. 2019, 239). In addition, design solutions that 

support product longevity, maintainability, and adaptability enhance both environmental and 

economic sustainability (Mesa et al. 2018, 1431). 

Manufacturability is closely linked to modularity, where the product structure consists of 

independent modules that can be replaced or upgraded without disassembling the entire 

product. This facilitates maintenance, repairs, and updates, supports product longevity, and 

helps respond to changing customer needs. The effectiveness of modularity depends on how 

easily the components can be disassembled and reassembled (Mesa et al. 2018, 1434–1435). 
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Product family commonality and functional variety affect both cost-efficiency and customer 

satisfaction, and optimizing these aspects presents a design challenge. Sustainable 

manufacturing also involves careful material selection and process optimization, as these 

directly influence the sustainability of components (Mesa et al. 2018, 1434–1435). 

In the context of forklift technologies, aspects of manufacturability may be reflected in, for 

example, the use of low-emission techniques for battery production, modular battery systems 

that allow individual modules to be replaced, or frame designs that enable partial reuse across 

different forklift generations. 

The principles of the circular economy, such as reusability and recyclability, relate both to 

product manufacturing and the end of its life cycle. Manufacturability focuses on efficient 

use of materials and modularity, while end-of-life assessment considers the ease of 

disassembly and recycling of products. These aspects are therefore dealt with separately in 

the chapter on recyclability and reusability. 

3.4.4  Functionality and technical performance 

Functionality and technical performance refer to the core characteristics that influence how 

well a product fulfills its intended function. These include product specifications, ease of 

use, customizability, and the ability to perform tasks reliably and efficiently. Customizability 

allows the product to be adapted to different user needs, increasing its versatility, while ease 

of use enhances the user experience by reducing errors and training requirements. These 

features are central to developing sustainable products that are both practical and user-

friendly (Shuaib et al. 2014, 494). 

From a technical perspective, sustainability assessment considers attributes such as 

reliability, precision, and structural design. Reliability describes the product’s capacity to 

operate without faults over time, while precision reflects its ability to perform tasks 

accurately. These factors influence both operational continuity and the quality of output (He 

et al. 2019, 239). 
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Technical performance also involves energy and exergy efficiency, process control, start-up 

time, and scalability. Energy efficiency concerns the amount of energy required to complete 

a task, whereas exergy efficiency evaluates how well that energy is converted into useful 

work. Process control encompasses parameters like temperature, pressure, and flow rate, and 

is particularly important in advanced systems where automation and safety are required. 

Start-up time measures how quickly a device is ready for use after being powered on, and 

scalability refers to the technology’s adaptability across different applications or capacity 

ranges. These factors are essential for achieving high performance with minimal resource 

consumption and for supporting operational flexibility in varying conditions (Acar et al. 

2022, 577; 583–585). 

In forklift technology, technical and operational characteristics can be reflected in how 

different forklift types adapt to different production environments or uses, in the 

responsiveness and ease of use of the machines, and in the efficiency of energy conversion 

during charging or refuelling. The ability to scale the same technology to different load 

capacities or production environments also supports long-term functionality and availability. 

3.4.5  Social impacts 

Social impacts are a crucial part of assessing the sustainability of a product, encompassing 

its effects on human health, working conditions, training opportunities, and societal 

acceptance. The subcategories of social performance include general health and well-being, 

employment and training opportunities, and public acceptance (Acar et al. 2022, 584). 

Negative effects caused by the product or technology, such as noise, odors, temperature 

changes, or safety risks (e.g., explosions, leaks, or melting), can adversely affect human 

health and well-being. Occupational health and safety are therefore essential indicators in 

social assessments. Employment opportunities refer to the creation of new jobs, while 

training opportunities relate to acquiring new skills and adapting to changing labor markets 

(Acar et al. 2022, 584). 
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Public acceptance is a significant factor for the market entry and success of a technology. 

Technologies not accepted by society due to safety, environmental, or ethical concerns often 

face major challenges in the market (Acar et al. 2022, 584). Safety regulations and 

certifications are key elements of social responsibility during the product’s end-of-life phase, 

ensuring that the product’s impacts on society and the environment are minimized (Shuaib 

et al. 2014, 497). 

Social performance assessments also consider ergonomics, human safety, and occupational 

health. Exposure to harmful emissions can pose health risks and is evaluated through social 

indicators. Social indicators also include social relations of workers and communities, 

education, equality, and gender participation. The importance of social impacts is often less 

emphasized compared to environmental and economic dimensions, highlighting the need to 

further develop social sustainability assessments (Mesa et al. 2018, 1431). 

In the context of forklift technologies, social impacts may manifest through factors such as 

noise levels, driver ergonomics, safety features, training needs required by new powertrain 

technologies, and the broader workplace acceptance of new technologies. 

3.4.6  Recyclability and reusability 

Recyclability and reusability are related to the end-of-life of a product, with ease of 

disassembly, recyclability and reusability of materials and parts, and remanufacturability 

being key assessment criteria. It is also important that the end-of-life treatment of the product 

complies with current regulations and certification requirements (Shuaib et al. 2014, 497). 

Key factors include the ease of disassembly of the product and its components, rates of 

material recycling and reuse, and the potential for remanufacturing of the product or its parts. 

These aspects help evaluate how well the product supports circular economy principles, such 

as efficient use of materials, extending product life, and reducing environmental impacts 

(Mesa et al. 2021, 1440). 
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In the context of forklifts, recyclability and reusability can be reflected, for example, in how 

easily forklift components such as batteries or frame materials can be disassembled, 

recycled, or remanufactured. It is also important to ensure that the end-of-life treatment of 

forklifts complies with applicable regulations and certification requirements. 

3.5  Multi-criteria sustainability evaluation matrix 

This chapter presents a multi-criteria matrix of product sustainability that can be used to 

assess sustainability from a comprehensive range of perspectives. The matrix is compiled 

based on previous studies and aims to provide a comprehensive perspective for product-

specific sustainability assessment. The matrix consists of the six main categories presented 

earlier. Each main category includes sub-indicators that further specify the aspects of 

assessment.  

The evaluation matrix is not used as an empirical analysis tool but rather as a framework 

through which the research findings are structured and presented. It offers a conceptual 

structure that helps to understand the relevance of different sustainability aspects in the 

comparison of forklift technologies. This approach allows for the flexible integration of 

theoretical concepts and empirical observations.  

The evaluation matrix used in this study does not include a separate column for metrics. This 

decision reflects the nature of the empirical data: the assessment relied primarily on expert 

interviews and literature analysis, and for most indicators, accurate quantitative data was not 

available. While certain sustainability aspects, such as emissions, energy consumption, or 

product lifespan, could in principle be measured numerically, many others, such as 

modularity, ergonomics, employment impacts, or public acceptance are inherently 

qualitative and better suited for verbal evaluation.  

Moreover, the objective of this study was not to conduct precise quantitative measurements, 

but to identify and analyze the key sustainability-related factors across different forklift 

technologies. Therefore, the comparison was based on relative and verbal assessments, for 

example, by examining which technology generally has higher lifecycle emissions. This 
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qualitative approach was deemed appropriate, as it allowed the inclusion of broader 

contextual insights and reflected the complex, partly subjective nature of sustainability. The 

evaluation matrix is presented in a condensed format in Table 1, and its dimensions are 

reflected in the structure of the results and discussion sections. 

Table 1. Multi-Criteria Sustainability Evaluation Matrix (adapted from Shuaib et al. 2014; 

He et al. 2019; Mesa et al. 2018; Acar et al. 2022) 

Main Cluster Sub Cluster 
Environmental Impact Emissions and waste 

Material use and efficiency 
Environmental Resource and Land Use 
Energy sources and consumption 

Resource use and economic efficiency  Circular economy and resource efficiency 
Costs and profitability 
Resource use 

Manufacturability Production and assembly 
Packaging, storage and logistics 
Modularity & upgradability 

Technical Performance and 
Functionality 

Energy and exergy efficiency 
Product specifications and durability 
User-friendliness and customizability 
Technical reliability 
Process control and automation 
Start-up readiness 
Scalability 

Social Impact Occupational safety and health 
Ethical responsibility 
Employment and training opportunities 
Public acceptance and societal value 
Ergonomics 

Recyclability and Reusability Ease of disassembly 
Recyclability 
Reusability 
Remanufacturability 
Compliance 

3.6  The significance of the theoretical framework for the research questions 

The theoretical framework of this study provides a structured basis for assessing the 

sustainability of forklift technologies in the context of the wood products industry. Its 
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purpose is to support the main research question, which sustainability-related factors 

influence the choice of forklift technology, as well as the sub-questions, which address risks, 

opportunities, procurement practices, and the connection to the company’s strategic 

sustainability objectives. 

The theoretical section begins with an overview of the importance of sustainability in 

business and illustrates how sustainability have become central to business operations. This 

background helps to understand that choosing forklift technology is no longer only a 

technical or financial decision but part of a broader sustainability strategy. This has a direct 

link to the main research question (RQ1), as it explains why sustainability considerations are 

essential in technology choices. 

The discussion on CSR deepens the understanding of why strategic decisions – such as 

choosing forklift technology – relate to broader environmental and societal issues. This 

supports sub-question SQ4, which examines the role of technologies in achieving the 

company’s sustainability objectives. 

The TBL section provides a theoretical basis for a comprehensive assessment of economic, 

social and environmental sustainability. It supports the multi-criteria evaluation framework 

used in the empirical analysis, which supports the main question and sub-questions SQ1 and 

SQ2 by providing a holistic structure for comparing technologies. 

In addition, sustainability programmes and reporting describe how companies are putting 

their sustainability goals into practice and monitoring their progress. This places technology 

choices within the company's documented sustainability strategies and supports sub-

question SQ4. 

The section on sustainable procurement highlights how sustainability considerations are 

integrated into procurement decisions alongside traditional selection criteria such as cost and 

technical suitability. This is essential to sub-question SQ3, which explores the weight of 

sustainability in relation to other procurement criteria. The section also addresses the 
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organisational and cultural challenges of implementing sustainable procurement, which is 

often found to be challenging to implement in practice. 

In conclusion, the theoretical framework forms a coherent and multi-dimensional foundation 

for the study. It links general sustainability principles with practical procurement decisions 

and offers tools for the evaluation and comparison of technologies. The integration of CSR, 

TBL, sustainability programmes, procurement strategies, and product assessment models 

ensures that the empirical analysis aligns with both academic foundations and real-world 

application. Together, these elements enable thorough responses to the research questions 

and provide valuable insights to support the company’s technology decisions. 

4  Methodology and research process 

This chapter describes the research methods, data collection and analysis used in the study. 

In addition to describing the research process, the chapter concludes with an assessment of 

the reliability and validity of the study. 

4.1  Research methodology 

The study was conducted empirically and built upon a theoretical framework. A qualitative 

research strategy was applied, and the research was designed as a case study focusing on 

Koskisen Oyj, enabling an in-depth analysis of sustainability factors in forklift technology 

decisions. The stages of qualitative research include selecting the topic, conducting a 

literature review, defining the research problem, collecting and analyzing data, choosing the 

research strategy, and writing the research report (Tuomi & Sarajärvi 2018). 

In more detail, a case study is an empirical research strategy that enables the in-depth 

examination of a current phenomenon within its real-life context, especially when the 

boundary between the phenomenon and its environment is not clearly defined. One of its 

main strengths lies in its ability to generate detailed and context-specific understanding of a 

single case or a small number of cases. Case studies are particularly suitable when research 
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questions focus on how or why something happens, when the researcher has little control 

over events, and when the subject is a contemporary phenomenon. The goal is not statistical 

generalization but rather a deep understanding and holistic interpretation of the phenomenon, 

which also makes it a valuable approach for practical development work (Farquhar 2012, 5–

6). 

4.2  Data collection 

The empirical data was collected through individual semi-structured interviews based on 

pre-defined themes. The semi-structured interview is an appropriate method for gathering 

both qualitative insights and in-depth knowledge on key topics, as it provides flexibility to 

explore new ideas and perspectives that may emerge during the interview. The qualitative 

method allows for an in-depth understanding of phenomena and the production of 

interpretative knowledge on the topic under study (Vilkka 2025). The main aim of the 

interview is to obtain as much information as possible, so it is recommended that 

interviewees receive the interview questions in advance to familiarize themselves with the 

topic or themes (Tuomi & Sarajärvi 2018). 

The interview themes were derived from the theoretical framework of the study, reflecting 

what is already known about the topic (Tuomi & Sarajärvi 2018). In interview situations, 

themes often appear as a series of questions, and in a thematic interview, the main themes 

are extracted from the research question. The order in which the themes are discussed does 

not matter (Vilkka 2025). This method allowed for flexible adaptation of questions according 

to the interviewee’s role and expertise, enabling all key questions to be addressed while 

giving interviewees the opportunity to guide the discussion when necessary. 

When collecting data, consideration is given to how much data is needed to ensure scientific 

accuracy, generalizability, and representativeness. Generally, the number of interviews is 

limited by available time and financial resources. However, the decisive factor is not the 

quantity of data but the robustness and depth of the interpretations (Tuomi & Sarajärvi 2018). 

In total, seven interviews were conducted, each lasting approximately one hour. The time 

limit was set to ensure the interviews remained manageable for both the interviewer and 
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participants, especially since the interviews took place during the interviewees’ working 

hours. Interviewees were informed about the time limits beforehand to enable proper 

preparation. 

The interview questions were provided in advance to facilitate careful preparation and to 

improve the quality of responses. Interviews were scheduled well in advance, and 

participants were asked for their preferred times. The interviews were conducted virtually, 

which increased flexibility and made participation easier. Each interview was recorded with 

the consent of the interviewee to ensure accurate data collection. 

The interview themes were based on the evaluation matrix used in the study, which covers 

the key product-specific dimensions of sustainability. In addition, the themes included 

business-related perspectives, such as sustainability as a selection criterion for forklift 

purchases and its strategic link to the company’s sustainability programme. 

The interviewees represented a diverse group of experts within the organization, but not all 

topics were equally familiar to everyone. In particular, technical aspects such as 

manufacturability and recyclability were addressed somewhat superficially or uncertainly. 

Additionally, some interviewees noted that they had no hands-on experience with hydrogen 

forklifts. To supplement these themes, reliable literature and secondary sources were used 

to ensure the analysis covered all theoretically relevant sustainability dimensions and 

provided a balanced overall picture. 

The interview questions were prepared in a consistent format based on these pre-defined 

themes. Table 2 illustrates how the interview themes relate to the theoretical framework used 

in the study. 

  



49 

 

Table 2. Interview questions and their connection to the theoretical framework 

Research question Theme Interview question 

RQ1: What are the key sustainability 
factors influencing the selection of forklift 
technologies (diesel, electric, or 
hydrogen) in the wood products industry? 

Environmental Impact 
 
Resource Use and 
Economic Efficiency 
 
Manufacturability 
 
Technical Performance & 
Functionality 
 
Social Impact 
 
End-of-Life Phase 
(Recyclability and 
Reusability) 

1. How are the characteristics of the 
product to be purchased assessed 
from the following perspectives: 
– Environment 
– Resources and cost-efficiency 
– Manufacturability 
– Technical performance and 
functionality 
– Social impacts 
– End-of-life (reuse, recycling) 
 
 
 

SQ1:  What are the key sustainability-
related risks associated with diesel, 
electric, and hydrogen forklift 
technologies? 

Environmental Impact 
Social Impact 
Resource Use and 
Economic Efficiency 

2. What are the negative impacts of 
diesel, electric and hydrogen forklifts 
on the business? (people and 
environment) 
 
5. What are the economic risks 
associated with diesel, electric and 
hydrogen forklifts? 

SQ2: What sustainability-driven 
opportunities are offered by electric and 
hydrogen forklift technologies? 

Environmental Impact 
Social Impact 
Resource Use and 
Economic Efficiency 

3. What are the positive impacts of 
diesel, electric and hydrogen forklifts 
on the business? (people and 
environment) 
 
4. What are the economic 
opportunities of diesel, electric and 
hydrogen forklifts? 

SQ3:  How is sustainability considered in 
relation to other criteria in the 
procurement of forklift technology? 

Strategic link to 
sustainability objectives 

7. How do the factors link to the 
company's sustainability objectives? 

SQ4: How do diesel, electric, and 
hydrogen forklifts impact sustainability 
objectives? 

Sustainability as a 
selection criterion for 
forklift purchases 

6. How is sustainability valued in 
relation to other procurement 
factors? 
 

4.3  Interviewees 

It is important that the interviewees have substantial knowledge of the phenomenon under 

study or relevant experience (Tuomi & Sarajärvi 2018). The key participants were selected 

to best describe the phenomenon under study. From the case company, seven individuals 

were chosen for interviews based on their roles and expertise related to the key themes of 
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the study. These participants were selected because their insights and experience best 

represent the company’s practices and challenges from a sustainability perspective. This 

ensures that the research data provides a comprehensive and reliable understanding of the 

key phenomena within the case organization.  

The interviewees included the supply chain director, technical procurement and warehousing 

manager, ESG manager, EHS manager, continuous improvement and internal logistics 

manager, internal logistics (forklift) team leader, and a logistics, safety, and quality manager 

from another business unit (sawmill) with extensive experience working with forklifts. The 

following Table 3 presents the interviewees and the duration of each interview. 

Table 3. Roles of interviewees and duration of interviews 

Role in the organization Duration of the interview 

ESG Manager 40 min 

EHS manager 50 min 

Continuous improvement and internal logistics manager 48 min 

Internal logistics (forklifts) team leader 53 min 

Supply chain director 52 min 

Technical procurement and warehousing manager 40 min 

Logistics, safety, quality manager 1 hour 8 min 

4.4  Data analysis 

Interview data can be analyzed using various methods. In this study, the data was analyzed 

using content analysis. The aim of content analysis is to produce a generalized and concise 

description of the phenomenon under study without losing the information contained in the 

unstructured data. The goal is to increase the information value of the data by creating clarity 

and meaning from fragmented data (Tuomi & Sarajärvi 2018). 

According to Tuomi and Sarajärvi (2018), the steps of content analysis include defining the 

unit of analysis, familiarizing with the data, condensing the data, grouping the data into 
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categories and themes, conceptualizing the data, and interpreting it. These steps are 

illustrated in Figure 5. 

 

Figure 5. Steps of content analysis (adapted from Tuomi & Sarajärvi 2018) 

Content analysis can be theoretical or data-driven. Deductive or theoretical analysis relies 

on theoretical assumptions confirmed by the data, i.e., the analysis is based on predefined 

themes derived from the research framework. In theoretical analysis, the data analysis is 

guided by an analytical framework based on previous knowledge, moving from the general 

to the specific (Tuomi & Sarajärvi 2018).  

The analytical framework of the study was formed by combining the results of the thematic 

interviews and the evaluation matrix used in the study. Additionally, two business-oriented 

perspectives were included: sustainability as a selection criterion for forklift purchases and 

the strategic link to the company’s broader sustainability objectives. Together, these 

dimensions provided a structured and comprehensive basis for evaluating the sustainability 

of forklift technologies. 

Coding was conducted using the classification method, considered the simplest form of 

conventional data structuring (Tuomi & Sarajärvi 2018). Classification was carried out 

deductively, meaning individual responses were categorized into general categories 

describing the topic, which were linked to theory-derived categories. The combination of the 

research method and interview structure worked well; interviewee responses were limited 

and selective but produced a rich dataset. The plan was to create new categories from 

responses outside the analysis framework if necessary. 

definition of 
the unit of 
analysis

familiarizing reducing grouping conceptualizing interpreting
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4.5  Validity and reliability 

Studies are assessed on the basis of their validity and reliability. Validity means that the 

study measures what it is intended to measure. Therefore, the validity of a study must be 

considered at the design stage. A study is valid when the theoretical and operational 

definitions are consistent, i.e. how the theories used in the study have been successfully 

transferred to the actual research situation. Reliability refers to the accuracy of the results, 

i.e. how reliable and reproducible the study is, regardless of the researcher. Together, these 

constitute the overall reliability of a study (Vilkka 2025). 

The most important criterion for the reliability of qualitative research is the researcher and 

their integrity. The criterion for evaluating qualitative research is the actions, decisions and 

choices made by the researcher, so that reliability must be assessed for each choice made - 

theory, method of analysis, grouping of data, classification, exploration, interpretation, 

results and conclusions. The researcher must be able to document how the views of the 

subjects have been classified and described in the way chosen (Vilkka 2025). 

However, the reliability of qualitative research has sometimes been questioned. This is 

because qualitative research cannot be subject to the same evaluation criteria as quantitative 

research. For example, the concepts of validity and reliability do not fit directly into an 

interpretative and contextual approach (Shenton 2004, 64; 73). 

The field of qualitative research has developed its own ways of assessing the quality of 

research. The four key criteria of trustworthiness proposed by Guba are credibility, 

transferability, dependability and confirmability. These provide an alternative way of 

looking at the trustworthiness of a study without relying on the measurement methods 

inherent in quantitative research. In many respects, the Guba model is similar to traditional 

concepts of evaluation: credibility replaces internal validity, transferability replaces external 

validity or generalizability, dependence replaces reliability and confirmability replaces 

objectivity (Shenton 2004, 63-64). The following Table 4 presents Guba's four criteria and 

Shenton's (2004) practical steps that a qualitative researcher can take to establish the 

reliability of their research according to these criteria. 
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Table 4. Criteria for ensuring the reliability of qualitative research (Adapted from Shenton 

2004, 73) 

Quality Criterion  Possible Actions  

Credibility 

• Use of accepted and appropriate qualitative research methods 
• Familiarization with the organizational culture of the participating setting 
• Selection of interviewees either randomly or purposively 
• Combining multiple methods, participants and settings to strengthen findings 
• Creating a confidential and trusting interview atmosphere to support honest 
answers 
• Iterative questioning and clarification during interviews 
• Examination of outlier or deviant cases 
• Debriefing sessions and peer feedback during the project 
• Reflective writing by the researcher 
• Open presentation of the researcher's background and experience 

Transferability 
• Use of previous research to support interpretation of findings 
• Providing contextual background and detailed description of the phenomenon 
• Clearly outlining the research setting to allow assessment of transferability 

Dependability • Applying overlapping or parallel methods in the research 
• Thorough documentation of methodology to allow for replication or evaluation 

Confirmability 

• Combining different types of data and perspectives to minimize researcher 
bias 
• Transparent presentation of assumptions and prior beliefs 
• Acknowledging limitations of the methods used 
• Clear and open description of the research process 
• Use of diagrams or flowcharts to illustrate the research process  

 

In this study, reliability is assessed on the basis of the four criteria mentioned. These 

dimensions are applied to demonstrate that the research process has been conducted in a 

careful, critical and transparent manner. Each criterion is supported by concrete actions and 

solutions, chosen in a way that is appropriate to the circumstances of the study and the 

practical implementation. The following sections describe in more detail how these 

principles were applied. 

Research Methods and Contextual Understanding: The study was guided by clearly 

defined research questions, which informed the choice of methods, the design of data 

collection, and the structure of the analysis. The study employed qualitative semi-structured 

interviews and theory-driven content analysis. These methods are well-established and 

suitable for exploring complex phenomena in their natural contexts. As the researcher works 

within the organization where the study was conducted, it was possible to gain a deep 
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understanding of the organizational culture, practices, and background prior to data 

collection. This enhanced the contextual sensitivity and relevance of the study. In addition, 

the employment relationship enabled data collection in a way that would not have been 

possible for an external researcher. Familiarity with the organization supported the 

identification of suitable interviewees, making the selected participant group appropriate for 

the study. 

Selection of Interviewees and Diversity of Data: Interviewees were selected purposively 

to represent different parts of the organization, both at strategic and operational levels. The 

group also included experts whose roles are directly related to sustainability, procurement, 

and logistics. This ensured that the phenomenon was examined from multiple perspectives. 

Triangulation was applied by combining interview data with literature and internal 

documents. 

Ensuring Trustworthy Interaction: The interviews were designed to be as confidential and 

open as possible. The questions were sent to the interviewees in advance, allowing time for 

preparation and reflection. During the interviews, key themes were revisited and clarified, 

when necessary, which contributed to the coherence and depth of the responses. 

Recognizing the Researcher’s Role and Reflexivity: The researcher’s dual role as both 

employee and investigator was acknowledged and taken into account throughout the 

research process. As the interviewees were aware of the researcher’s organizational role, this 

may have influenced what was shared and how. The researcher consciously sought to 

separate perspectives emerging from the work role from analytical interpretation and aimed 

to interpret the data as neutrally as possible. 

Description of Context and Phenomenon: To support transferability, the studied 

phenomenon and its context were described in detail. The study was conducted in a Finnish 

wood products industry organization and focused on sustainability-related considerations in 

forklift technology selection. The analysis considered the organization’s production 

processes, sustainability goals, and the practical operating environment. The definitions, 
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delimitations, and conceptual framework were also clearly presented to ensure transparency 

and comparability with prior research. 

Transparency and Consideration of Limitations: All phases of the research process, 

including the methods and analytical procedures, were described in detail to allow for critical 

evaluation. The researcher’s position as an internal actor may have influenced data collection 

and interpretation. Acknowledging and addressing this possible influence enhances the 

credibility of the research. 

The validity of the study was affected by the fact that not all themes received equally in-

depth responses. For example, hydrogen forklifts were unfamiliar to many interviewees, and 

they had no practical experience with their use or maintenance. Topics related to 

recyclability, end-of-life treatment, and the environmental impacts of raw material sourcing 

were also discussed only superficially, as they were not part of the interviewees' 

responsibilities. The depth of responses varied depending on the interviewees’ background 

and experience, which limited the empirical analysis in some areas of sustainability. To 

address this, the analysis was supplemented with literature. 

5  Results and findings 

This chapter presents the main findings of the study based on the analysis of the thematic 

interviews. The results are grounded in qualitative data collected through seven semi-

structured interviews, which were analysed using a theory-driven content analysis approach. 

The analysis was guided by the evaluation matrix, which consists of six key categories: 

environmental impact, resource use and economic efficiency, manufacturability, technical 

performance and functionality, social impact, and end-of-life phase. In addition to these, two 

supplementary themes emerged from the data: sustainability as part of procurement 

decisions and the strategic link to corporate sustainability objectives. 

The chapter is divided into two subchapters. First subchapter describes the analytical 

approach in more detail, explaining how the empirical data were processed and interpreted. 
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The second subchapter presents the main findings of the study. In order to form a 

comprehensive view, the findings are supplemented with previous scientific studies. This 

additional material was particularly useful in areas where interviewees lacked direct 

expertise or experience. The results are structured according to the six sustainability 

categories. Additionally, the analysis examines which factors are emphasized in 

procurement decisions and how the selection of forklift technologies is connected to broader 

corporate sustainability objectives.  

5.1  Analysis of the results 

The analysis process was carried out in three stages: preparation, reduction and grouping, 

conceptualisation and interpretation. In the preparatory phase, the unit of analysis was 

defined as a sentence, statement or idea relevant to the research questions. The data consisted 

of seven individual interviews, which were transcribed and reviewed several times in order 

to gain a comprehensive understanding of the content. The data was then coded according 

to predefined themes, which allowed for a structurally comparable analysis of the different 

forklift technologies. 

In the reduction phase, irrelevant expressions such as repetitions and filler words were 

removed, while essential statements reflecting the interviewees’ views on the sustainability 

of forklift technologies were extracted.  In the grouping phase, these simplified expressions 

were first organised into subcategories and then into broader themes, based on both the 

research questions and the sustainability-related categories. In the conceptualisation and 

interpretation phase, the results of the analysis were examined in relation to the research 

questions and the theoretical framework. This made it possible to form a comprehensive 

interpretation of how different technologies differ in terms of sustainability and how these 

aspects relate to corporate responsibility objectives and procurement decisions. 

During the analysis, it became clear that not all themes elicited equally detailed responses 

from the interviewees. In particular, technical categories such as manufacturability and 

recyclability were less familiar to many interviewees, which resulted in less extensive 

responses compared to themes such as environmental and economic aspects. To maintain a 
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comprehensive perspective and remain consistent with the theoretical framework, these 

categories were supplemented with relevant literature during the analysis process. The 

interviews also revealed that respondents' views varied depending on their professional roles. 

Sustainability experts, such as those working in ESG and EHS functions, emphasized the 

strategic importance of electric forklifts in achieving the company’s climate goals. 

5.2  Results 

This chapter presents the findings of the analysis of interview data and their interpretation, 

which are divided into eight sub-chapters. The results are presented as a whole, according to 

the research questions and the themes of the data. The results correspond to the themes and 

frameworks for responsible sourcing mentioned in the theoretical part.  

The first sub-section discusses the environmental impacts of forklift technologies. The 

second focuses on resource use and economic efficiency. The third sub-section examines 

manufacturability of forklifts. The fourth addresses technical performance, usability, and 

suitability for different working environments. The fifth explores social impacts, particularly 

occupational safety and ergonomics. The sixth focuses on recyclability and reusability, 

especially concerning batteries and components. The seventh sub-section considers how 

sustainability is weighed in relation to other procurement criteria. The eighth sub-section 

describes how the different sustainability dimensions are linked to the company’s broader 

strategic objectives.  

Each sub-section concludes with an illustrative comparison table that highlights the key 

features identified for each forklift technology under the respective theme. These tables 

provide a clear and concise overview of the most relevant findings. Finally, the results are 

summarised. 

5.2.1  Environmental impacts 

This chapter examines the environmental impacts of forklift technologies through following 

sustainability aspects: emissions and waste, material use and efficiency, environmental 
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resource use, and energy sources. These themes emerged clearly in the interviews and are 

addressed comprehensively for each technology. In contrast, land use and the physical 

consumption of natural resources were not discussed as independent themes in the data and 

were also not extensively covered in the literature.  

In terms of environmental impact of diesel forklifts, the interviewees were unanimous about 

their environmental impact. In particular, carbon dioxide and fine particulate emissions were 

mentioned, which degrade indoor air quality and increase the climate burden. Other concerns 

included oil spills and odours from diesel fuel.  The environmental impacts of oil 

procurement were also not raised in the interviews, but the literature suggests that the burden 

of fossil diesel goes well beyond the emissions during driving. Oil drilling, refining and 

distribution cause greenhouse gas emissions and serious local environmental risks such as 

soil and water pollution, oil spills and noise pollution. Also the literature has pointed out that 

oil production can have serious negative impacts on biodiversity. Oil spills and water and 

air pollution are commonly reported problems that can impair both the health of local 

communities and the functioning of natural ecosystems (Eugenio et al. 2024, 1–2, 15–16). 

It was clear from the interviews that electric forklifts were perceived as the most 

environmentally friendly option, especially in terms of in-use emissions. Interviewees 

stressed that forklifts do not produce direct emissions during operation, which makes them 

particularly suitable for indoor material handling tasks. This is particularly important in 

wood products factories, where forklifts are constantly used in enclosed and dusty areas. 

Interviewees also identified environmental challenges for electric forklifts related to the 

production of lithium-ion batteries. Several respondents pointed out that battery production 

is energy intensive, consumes rare resources and generates hazardous waste. Interviewees 

also identified environmental challenges for electric forklifts related to the production of 

lithium-ion batteries. Several respondents pointed out that battery production is energy 

intensive, consumes rare resources and generates hazardous waste. 

None of the interviewees had personal experience of using hydrogen forklifts, but they were 

familiar with the technology. In theory, hydrogen fuel cells were seen as very promising, 

especially from the point of view of zero emissions, as they are based on a chemical reaction 
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between hydrogen and oxygen, the only by-product of which is water vapour. This feature 

was seen as making hydrogen solutions an attractive alternative, especially for indoor use 

where air quality is an important factor. The interviews also highlighted the importance of 

the environmental sustainability of hydrogen production. Several respondents emphasized 

that in order for hydrogen solutions to be genuinely considered sustainable alternatives, the 

hydrogen used should be produced in an environmentally friendly manner, for example, by 

utilizing renewable energy sources. Otherwise, the climate benefits of hydrogen remain 

questionable. 

The previous literature also highlighted several environmental challenges related to the 

hydrogen production that extend beyond the zero-emission nature of hydrogen use. For 

example, water use in the electrolysis process has raised concerns. Water consumption can 

become a significant challenge, especially in regions where freshwater availability is limited 

or water resources are already under stress. The assessment of sustainable hydrogen 

production should holistically consider the suitability of various water sources such as 

freshwater, wastewater, and seawater, for production use. (Simoes et al. 2021, 1-2) 

Hydrogen solutions also face significant material-related sustainability challenges. For 

example, electrolysis equipment and fuel cells require critical raw materials such as nickel, 

platinum, and rare earth elements, whose prices are highly sensitive to market fluctuations. 

Rising raw material prices can therefore substantially increase the overall cost of hydrogen 

technologies and weaken their economic viability. In addition, the mining of materials such 

as platinum is both environmentally burdensome and geopolitically sensitive. (IEA, 2021a, 

41; 115). The overall sustainability of hydrogen solutions is thus strongly linked to material 

dependencies and the availability of green hydrogen. The following Table 5 outlines the 

main aspects of the environmental impact of diesel, electric and hydrogen fuel cell forklifts 

across four key areas.  
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Table 5. Environmental impacts 

5.2.2  Resource use and economic efficiency 

This chapter explores the resource use and economic efficiency of forklift technologies from 

a sustainability perspective. The assessment focuses on three main areas: circular economy 

and resource efficiency, total costs and profitability, and the consumption and dependency 

on energy and material resources. These dimensions provide a comprehensive view of how 

each technology supports sustainable resource management and economic performance. 

Diesel forklifts were generally seen in the interviews as reliable and cost-effective solutions, 

especially when no infrastructure changes are required. Their resource efficiency was 

considered strong in the short term, mainly due to their low purchase price and rapid 

deployment. However, several interviewees raised concerns about the dependence on fossil 

fuel suppliers and long-term fuel price volatility, which may weaken the predictability of 

operating costs. 

In the interviews, concerns were raised about rising fuel costs and increasing maintenance 

needs in the long term, which were seen as undermining the overall economic 

competitiveness of diesel forklifts. Furthermore, the fact that the environmental 

Environmental 
impacts 

Diesel Forklift Electric Forklift Hydrogen Forklift 

Emissions and 
waste 

- Carbon dioxide and fine 
particulate emissions degrade 
indoor air quality and increase 
climate burden  
- Oil spills and odors 

- No direct operational 
emissions, suitable for indoor use  
- Battery production is energy-
intensive and produces 
hazardous waste 

- Only water vapor emitted 
in use  
- Hydrogen production must 
be environmentally friendly 
for true benefits 

Material use  and 
efficiency 

- Use of fossil fuels  
- Environmental impacts of oil 
procurement not discussed in 
interviews 

- Lithium-ion battery production 
consumes rare resources and 
energy 

- Requires critical raw 
materials, with supply and 
environmental concerns 

Environmental 
Resource and 
Land Use 

- Not discussed extensively in 
interviews or literature 

- Not discussed extensively in 
interviews or literature 

- Water consumption in 
electrolysis is a concern, 
especially in water-scarce 
regions   

Energy sources 
and consumption 

- Dependent on fossil fuels  
- Oil drilling and refining cause 
significant environmental 
impacts 

- Electricity consumption 
depends on production method  
- Renewable electricity improves 
environmental impact 

- Hydrogen technology 
relies on renewable energy 
for sustainability, but 
environmental impacts vary 
by production 
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disadvantages of diesel use, such as emissions and pollution, are not directly reflected in 

financial costs was perceived as problematic. Regarding value retention and payback time, 

it was mentioned that diesel forklifts are still widely available. At the same time, however, 

it was noted that their demand is declining as more and more businesses switch to electronic 

alternatives. It was seen as having an impact on the availability and resale value of spare 

parts in the future. It can therefore be concluded that the residual value of diesel forklifts 

may decrease in the long term. 

Electric forklifts were highlighted in the interviews especially for their high initial 

investment costs. These arise from the construction of missing charging infrastructure, the 

purchase of spare batteries, and potential upgrades to electrical transformers. In wood 

products industry settings, these investment needs can be significant due to large fleet sizes 

and long operating cycles. On the other hand, operating and maintenance costs were seen as 

significantly lower than those of diesel or hydrogen solutions. Leasing and maintenance 

contracts were considered effective tools for balancing upfront investment costs and 

improving cost predictability.  

However, fluctuations in electricity prices on the energy market caused concern, especially 

in production environments with high electricity consumption. One interviewee noted that 

case company has its own solar power field, which enhances the long-term economic and 

environmental feasibility of electric forklifts. The ability to produce renewable electricity 

in-house was seen as a strategic asset that reduces dependency on volatile market electricity 

prices and improves energy efficiency in forklift operations. 

In addition to investment costs, the interviewees also raised indirect cost factors such as 

downtime related to charging breaks and the safety requirements of charging infrastructure. 

These were seen as limiting flexibility in production planning and space utilization. 

According to previous literature, electric forklifts can be highly energy-efficient if battery 

capacity is managed systematically through charging, maintenance, and cycle monitoring 

(Camille, 2023). This not only translates into lower maintenance and replacement costs but 

also into shorter downtimes, which are essential for industrial productivity. 
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Several respondents also emphasized the need for appropriate training for personnel in 

battery handling. Misuse or inadequate procedures in battery charging or replacement may 

cause equipment failure, downtime, or even fire hazards. Thus, safety-oriented resource 

management and training were seen as critical in supporting long-term operational 

efficiency. Although value retention was not directly discussed, technical risks, such as 

battery durability, fire safety, and related development challenges, could indirectly impact 

the residual value. However, the high purchase price may be offset by lower maintenance 

costs in multi-shift operations, making the payback period potentially reasonable. 

Hydrogen forklifts were assessed in the interviews as the most expensive option. High 

infrastructure costs and the limited availability of green hydrogen were seen as risks that 

could prevent achieving the desired economic benefits. The relatively early stage of the 

technology adds uncertainty and the potential for early-phase operational challenges. 

One interviewee suggested that cost-effectiveness could be improved if the investment were 

shared among several users or if hydrogen could be produced in-house. 

Advantages of hydrogen forklifts included short refuelling times and continuous energy 

availability, which reduce downtime and labour costs. These features were seen as 

particularly beneficial in industrial settings where constant availability of equipment is 

critical. 

There was no mention of secondary markets or value retention in the interviews, but 

underdeveloped technology, limited availability, and high investment costs were repeatedly 

noted. These findings suggest that the payback time for hydrogen solutions was perceived 

as long and the investment difficult to justify in the current situation. Several interviewees 

also emphasized that the profitability of hydrogen forklifts depends heavily on infrastructure, 

deployment scale, and potential future support mechanisms. The following Table 6 shows 

the main aspects of resource use and economic efficiency of diesel, electric and hydrogen 

forklifts in three key areas. 
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Table 6. Resource Use and Economic Efficiency  

Resource Use 
and Economic 
Efficiency  

Diesel Forklift Electric Forklift Hydrogen Forklift 

Circular 
economy and 
resource 
efficiency 

- Resource efficient in the 
short term due to low 
purchase price and rapid 
deployment  
- Dependent on fossil fuels, 
reducing sustainability 

- Energy efficient if battery 
capacity is well managed  
- Use of renewable 
electricity improves 
sustainability 

- Limited availability of green 
hydrogen restricts sustainability  
- Technology at an early 
development stage- Self-
produced hydrogen could 
improve resource efficiency 

Costs and 
profitability 

- Low initial costs and reliable 
in the short term  
- Rising fuel and maintenance 
costs long-term  
- Residual value likely to 
decline 

- Low initial costs and 
reliable in the short term  
- Rising fuel and 
maintenance costs long-
term  
- Residual value likely to 
decline 

- High infrastructure and 
investment costs  
- Profitability depends on 
infrastructure and support 
mechanisms  
- Long payback period 

Resource use 

- Dependent on fossil fuels 
and vulnerable to price 
fluctuations  
- Environmental costs not 
directly reflected 

- Dependent on electricity 
market price fluctuations  
- Own renewable energy 
production reduces risks 

- Hydrogen infrastructure and 
raw materials limit use  
- Short refuelling times improve 
operational efficiency 

5.2.3  Manufacturability 

This chapter examines the manufacturability of forklift technologies from the perspective of 

sustainable development. The assessment of manufacturability focuses on three areas: 

production and assembly, packaging, storage and logistics, and modularity and 

upgradability. These dimensions provide an overall picture of how easily and efficiently 

different technologies can be produced, implemented in industrial environments, and 

maintained over the long term. The analysis is based on interview data, and for hydrogen 

forklifts, the discussion is supplemented with insights from the literature, as practical 

experience remains limited. 

Diesel forklifts were generally seen as easy to integrate into existing production 

environments. No major logistical or spatial challenges were mentioned, as diesel 

technology relies on well-established infrastructure and does not require special charging or 

refueling areas within the production facility. Diesel systems were described as 

straightforward to install, use, and maintain, with no need for significant modifications to 
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existing spaces. However, the long-term availability of components and spare parts was 

briefly mentioned as a future concern due to the declining demand for diesel forklifts. 

Electric forklifts, by contrast, were associated with several spatial and logistical challenges. 

A recurring theme in the interviews was the significant space requirements for the charging 

infrastructure, which was already mentioned in the previous chapter, where safety 

requirements and space constraints related to the charging infrastructure were mentioned as 

indirect cost factors. Respondents noted that current production facilities often lack 

sufficient room to safely locate battery charging stations. In some cases, it was suggested 

that a completely separate hall would be necessary to accommodate the equipment. Dust and 

other safety concerns led to the perception that charging points posed a fire risk, increasing 

the need for technical and safety measures. In terms of modularity and upgradability, battery 

interchangeability was repeatedly emphasized as a key requirement for effective multi-shift 

operations. The ability to swap batteries and the potential to upgrade to newer battery 

technologies were seen as important for operational flexibility and extending equipment life. 

Hydrogen forklifts were mostly discussed in relation to the incompleteness of the current 

infrastructure. All interviewees emphasized that the availability of green hydrogen remains 

limited and that the necessary supply chains are not yet in place. Some interviewees reflected 

on the possibility of establishing in-house hydrogen production in the future to ensure better 

supply security. From a manufacturing perspective, hydrogen technology was seen as more 

complex and less mature compared to electric and diesel alternatives. One concern raised 

was the reliance on critical raw materials, which are essential for both electric and hydrogen 

systems. Interviewees also noted that geopolitical tensions and rising global demand may 

jeopardize the availability of these materials, potentially disrupting production and affecting 

supply chain stability. 

There was no mention in the interviews of fuel cells being built in a modular way, nor does 

the literature suggest that the technology is yet at that level. It can therefore be assumed that 

hydrogen solutions are currently not very flexible in terms of maintenance or component 

replacement, which may limit their long-term use in industrial environments.  
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Packaging, storage and logistics issues were also not very much discussed in the interviews 

in relation to hydrogen solutions. Nevertheless, the literature and the general situation 

suggest that the safe storage and handling of hydrogen equipment requires special solutions 

and procedures, which have not yet been standardized. In particular, sustainability issues 

related to hydrogen production, storage and distribution have not yet been comprehensively 

assessed (Simoes et al. 2021, 1-2). This may pose challenges, for example in supply chain 

design, and increase the risks of deployment. The following Table 7 shows the main aspects 

of manufacturability in forklift technologies. 

Table 7. Manufacturability 

 
Manufacturability Diesel Forklift Electric Forklift Hydrogen Forklift 

Production and 
assembly 

- Easy to integrate into 
existing facilities  
- No significant spatial 
modifications or 
infrastructure needed 

- Requires significant 
investment in charging 
infrastructure  
- May need a separate hall  
- Increased fire safety 
requirements 

- Technologically complex 
and less mature  
- Dependent on critical raw 
materials  
- Potential for in-house 
production in future 

Packaging, storage and 
logistics 

- No special 
requirements  
- Utilizes existing fuel 
distribution 
infrastructure 

- Placement of charging 
stations challenging in 
dusty or tight spaces  
- Requires dedicated and 
safe storage areas 

- Requires special solutions 
for safe hydrogen storage and 
handling  
- Standards still under 
development 

Modularity and 
upgradability 

- Established 
components, but 
modularity not 
emphasized 

- Battery interchangeability 
essential for multi-shift use  
- Potential for upgrading 
battery technologies 

- Modularity not mentioned  
- Fuel cell systems not yet 
flexible in terms of 
maintenance or component 
replacement 

5.2.4  Technical performance and functionality 

This chapter compares the technical performance and functionality forklift technologies 

from a sustainability perspective. The key aspects examined include energy efficiency, 

durability and service life, user-friendliness, technical reliability, start-up readiness, and 

customizability. The role of process control and automation is not noted, as it did not emerge 

in the interviews or literature. Similarly, exergy efficiency was not discussed, even though 

features such as the long runtime of hydrogen forklifts and the low in-use energy demand of 

electric forklifts indicate good operational efficiency.  
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Diesel forklifts were, almost without exception, seen in the interviews as a reliable and high-

performance option, particularly well-suited for heavy-duty environments. They were 

considered a safe and practical choice for uneven surfaces and varying weather conditions. 

One of their key advantages was seen to be easy and quick refuelling, which enables fast 

shift changes without downtime. Interviewees emphasized their consistent availability and 

minimal preparation needs before operation, making them especially suitable for time-

critical tasks and high-load production settings. 

Electric forklifts were particularly valued for their quiet operation, low vibration, and 

minimal maintenance requirements. The technology was described as modern and 

ergonomic. One of the major advantages of electric forklifts, according to interviewees, was 

their modularity, which allows customization based on specific operational needs. However, 

several concerns were raised regarding battery durability in cold environments, limitations 

in infrastructure placement, and the risk of downtime if battery management is not handled 

systematically. 

Battery life and charge cycles were highlighted as key challenges, particularly in multi-shift 

operations. Without well-managed battery rotation and maintenance, interviewees noted that 

battery performance may decline, replacement needs increase, and unplanned downtime may 

occur. Additionally, the need to pre-charge batteries before a shift was seen as a potential 

source of delay, unlike diesel forklifts which are ready to use immediately after refuelling. 

Hydrogen forklifts were perceived by several interviewees as combining the best of both 

diesel and electric technologies. In particular, their quick refuelling and long operating time 

were seen as major advantages, enabling continuous operation without the need for battery 

changes or long charging breaks. The usability of hydrogen forklifts was often compared to 

diesel in terms of shift flexibility and readiness. The short refuelling time was considered a 

significant strength, allowing seamless shift transitions and efficient start-up. 

Despite these advantages, interviewees also expressed uncertainties. Concerns were raised 

about safety aspects related to hydrogen equipment, the demands of the operating 

environment, and the need for specific training. While the technology was considered 
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theoretically promising, the lack of real-life experience and infrastructure was seen as a 

barrier. 

Technology upgradability and system interoperability were not directly addressed in the 

interviews. However, there were indirect indications of system flexibility, particularly for 

electric forklifts. For example, the ability to interchange battery packs and the evolving 

development of charging infrastructure were mentioned as practical advantages. Although 

not explicitly framed as “upgradability,” some interviewees believed that future 

improvements in battery technology could be implemented in existing forklifts, thus 

extending their service life. Interoperability between different systems or brands was not 

raised as a concern. 

Although technical performance was broadly discussed in the interviews, energy efficiency 

was not directly addressed as a distinct evaluation criterion. However, certain features, such 

as the long runtime of hydrogen forklifts and the low in-use energy demand of electric 

forklifts, suggest that both technologies can support efficient energy use when appropriately 

managed. Diesel forklifts, while operationally efficient in high-load situations, were not 

discussed in terms of energy consumption or fuel economy. These observations indicate that 

while energy efficiency is embedded in operational practices, it may not yet be consciously 

used as a comparative performance factor in decision-making. Exergy efficiency was not 

either brought up in the interviews and remains unaddressed in the practical context of 

forklift selection. 

Similarly, process control and automation did not emerge as relevant themes in the interview 

data or supporting literature. All forklift types were discussed primarily in terms of manual 

use and operational functionality, without reference to automation features, control 

interfaces, or integration with digital production systems. This suggests that forklift 

technologies are still largely perceived as standalone equipment rather than as part of more 

advanced or automated industrial ecosystems. The following Table 8 shows the main aspects 

of technical performance and functionality in technologies. 
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Table 8. Technical Performance and Functionality 

Technical 
Performance and 
Functionality 

Diesel Forklift Electric Forklift Hydrogen Forklift 

Energy and exergy 
efficiency 

- Operationally 
efficient under heavy 
load 
- Energy efficiency not 
emphasized 

- Low in-use energy 
consumption 
- Good efficiency if 
managed systematically 
- Exergy not discussed 

- Long runtime 
- Energy efficient 
- Exergy not discussed 

Product 
specifications and 
durability 

- Reliable and durable 
- Suitable for heavy-
duty conditions 

- Modular 
- Battery durability and 
charge cycles are 
challenges, especially in 
cold environments 

- Long-lasting 
- Technology still developing 

User-friendliness 
and customizability 

- Easy and quick 
refuelling 
- Practical on uneven 
surfaces 

- Quiet, low vibration, 
ergonomic 
- Modular and 
customizable 

- Combines best of diesel 
and electric 
- Zero emissions 
- Fast refuelling 

Technical reliability 
- Reliable 
- Ready to use without 
preparation 

- Challenges in battery 
management 
- Risk of downtime if not 
managed well 

- Promising but lacks real-
life experience 
- Safety and training 
concerns 

Process control and 
automation 

- Not discussed 
- Mainly manual 
operation 

- Not discussed 
- Mainly manual operation 

- Not discussed 
- Mainly manual operation 

Start-up readiness 
- Immediate use after 
refuelling 
- Minimal preparation 

- Requires pre-charging 
- Possible delays 

- Fast refuelling 
- Quick start-up 

5.2.5  Social impacts 

This chapter presents the results of research on the social impacts of forklift technologies. It 

focuses on how diesel, electric, and hydrogen forklifts influence occupational safety and 

health, ergonomics, training needs, and social acceptance. Ethical responsibility aspects are 

also discussed, particularly in relation to fossil and battery production, although these topics 

were not extensively addressed in all interviews. The chapter also considers the impact of 

interface usability, silent operation, and safety requirements on employee experiences, 

workplace safety, and corporate responsibility. Ergonomic considerations were especially 

emphasized for electric forklifts, while hydrogen solutions were not discussed in that respect. 

For diesel forklifts, the interviews repeatedly highlighted concerns regarding indoor air 

quality and its effects on worker well-being. Logistics professionals reported symptoms of 
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exhaust fumes, unpleasant odours and breathing difficulties. These problems were perceived 

as detrimental to both comfort and long-term health, especially in enclosed environments 

such as wood products factories. Diesel technology was also associated with broader social 

and ethical concerns related to fossil fuel production and its effects on communities and 

ecosystems. Although ethical acceptance was not explicitly addressed, some comments 

indicated a growing misalignment between diesel use and corporate sustainability goals. 

The usability and familiarity of diesel forklifts were considered advantages. The controls 

were described as simple and required little training. However, ergonomic issues were not 

emphasized, and diesel forklifts were not seen as particularly comfortable. Engine vibrations 

and noise were mentioned as factors that could lead to fatigue and stress, especially in multi-

shift operations. 

Electric forklifts were viewed far more positively in terms of safety and ergonomics. Their 

quiet operation, low vibration, and zero emissions were perceived to enhance both physical 

and psychological working conditions. At the same time, the quietness was seen as a 

potential safety risk, as forklifts could approach unnoticed. Safety experts proposed acoustic 

or visual alerts to prevent accidents. Beyond ergonomics, interviewees highlighted the 

modularity and user interfaces of electric forklifts: the ability to customize configurations 

was appreciated, but variations between manufacturers and insufficient training were seen 

to increase the risk of operator errors. 

Interviewees emphasized the importance of training, particularly for battery handling and 

maintenance. Proper onboarding was seen as essential for deploying new technologies. From 

the employees’ perspective, comfort and user-friendliness made work more enjoyable and 

reduced stress. One interviewee noted that operators may drive forklifts up to 48 hours a 

week, further highlighting the importance of comfort and intuitive controls. 

In addition, the location of charging stations was identified as a practical problem for 

workers.  

In addition to safety, the interviews highlighted the importance of convenience and 

accessibility: centrally located charging stations made it easier to connect the forklift to the 



70 

 

grid during natural breaks, such as lunch, which reduced downtime and stress. This contrasts 

with the diesel model, where forklifts can be parked almost anywhere, offering more 

flexibility. The transition to electric vehicles was therefore seen as requiring changes to daily 

routines and the layout of the premises, which may affect perceived independence and ease 

of work. If not well designed, charging logistics can create new sources of inefficiency or 

frustration. 

Electric forklifts were also associated with responsibility and sustainability. While societal 

acceptance was not explicitly mentioned, several comments suggested that adopting electric 

technologies improved public image and signalled corporate responsibility. 

With hydrogen forklifts, safety was the central theme. Concerns focused on the 

flammability of hydrogen and the specific requirements for safe refuelling. Interviewees 

stressed the need for structural safety and ventilation systems, especially in confined areas. 

Although none of the respondents had practical experience, hydrogen was understood to 

introduce unique risks that required proper management. 

The interviews also emphasized training needs for hydrogen forklifts. Employees would 

require guidance on safe refuelling and operational safety procedures. The lack of hands-on 

experience created uncertainty and was seen as a barrier to deployment. As with electric 

forklifts, user-centered design and technical training were seen as essential for successful 

adoption. 

From a societal perspective, hydrogen forklifts were viewed as promising yet uncertain. The 

technology was largely unfamiliar to the public, and concerns were raised about 

infrastructure, expertise, and regulation. Transparent communication, stakeholder 

involvement, and trust-building were considered important for gaining future acceptance. 

Although material-related challenges linked to electric batteries and hydrogen fuel cells, 

such as the use of rare materials, were discussed earlier in the environmental section, their 

ethical dimensions were not highlighted in the interviews. Issues like the responsible 

sourcing of raw materials or workers’ rights in global supply chains did not feature 
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prominently, suggesting that ethical responsibility has not yet become a core evaluation 

criterion in corporate forklift technology decisions, despite its importance in academic and 

public discourse. The following Table 9 shows the main aspects of social impacts in forklift 

technologies. 

Table 9. Social impacts 

Social Impact  Diesel Forklift Electric Forklift Hydrogen Forklift 

Occupational 
safety & health 

-Poor air quality 
-Emissions cause 
respiratory symptoms 
-Odour and exhaust noted 
-Minimal noise safety risk 

-Zero local emissions 
-Low noise and vibration  
-Quietness may pose accident 
risk if unnoticed 

-Requires safety training -
Hydrogen flammability poses 
unique risks 
-Confined space use needs 
extra precautions 

Ethical 
responsibility 

-Fossil fuel production 
linked to negative social and 
environmental justice 
impacts 

-Battery production raises 
ethical issues, not deeply 
discussed 

-Ethical aspects not deeply 
addressed 
-Focus on safety and 
sustainability rather than 
sourcing 

Employment and 
training 
opportunities 

-Minimal training required 
due to long-established 
technology 
-No mention of new skill 
requirements 

-Requires training for battery 
handling and maintenance 
-Deployment of new interfaces 
seen as challenging 

-Training necessary for 
refuelling and safe handling 
-Potential for new technical 
roles 

Public 
acceptance and 
societal value 

-Declining acceptance due 
to environmental concerns 
-Not aligned with modern 
corporate sustainability 
goals 

-Generally seen as aligned with 
sustainability expectations 
-Positively perceived by 
stakeholders 

-Still unknown to public 
-Low adoption limits visibility 
-Seen as futuristic but 
uncertain 

Ergonomics 
-Higher vibration and noise 
-Less focus on ergonomic 
design 

-High ergonomic value: quiet, 
low vibration, smooth operation 
improves comfort and reduces 
stress 

-Similar to diesel in operation 
-Usability good but safety 
concerns affect perceived 
comfort 

5.2.6  Recyclability and reusability 

This chapter examines the recyclability and reusability of forklift technologies from a 

sustainability perspective. The key areas of focus include the ease of disassembly, the 

recyclability of components, the potential for reuse and remanufacturing, as well as the 

existing or emerging regulatory practices. The interview data is complemented by literature-

based analysis, particularly for technologies where practical experience is still limited, such 

as hydrogen fuel cells. 
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Diesel forklifts. Interviewees explained that decommissioned forklifts at case company are 

not usually scrapped immediately but are instead reassigned to less demanding applications. 

Interviewees told that suppliers have reported that these forklifts often find new use among 

customers with lower mileage or lighter usage needs. This use extends the forklift's service 

life and reduces material waste. Several interviewees viewed reuse as a natural and cost-

effective part of the fleet lifecycle. When full reuse is no longer possible, usable parts are 

often salvaged and used as spare parts before scrapping. 

The responsible management of tires, lubricants and oils, which can pose significant 

environmental and safety risks at the end of their life cycle, was also raised in the context of 

diesel forklifts. One interviewee summarized it by saying: “Diesels circulate – they’re 

recycled, refurbished, used for parts, and finally scrapped.” This shows that, despite the 

environmental challenges of diesel technology, its established infrastructure and familiarity 

support relatively efficient end-of-life management through reuse and material recovery. 

Electric forklifts. A particular concern that emerged in the interviews was the end-of-life 

phase of electric forklift batteries. Both sustainability and operational professionals 

expressed uncertainty about the effectiveness of battery recycling and how it affects the 

overall sustainability of electric forklifts. The rapid evolution of battery technologies was 

seen as a challenge, as different battery types contain varying material compositions, and 

recycling processes are not yet standardized. 

Although “design for disassembly” was not mentioned explicitly in the interviews, it remains 

a relevant topic in terms of sustainability and manufacturing. This design principle refers to 

structuring products in ways that allow for easy disassembly, reuse, maintenance, or 

recycling of parts and materials at end-of-life. The absence of this term in interviews may 

indicate that end users are not yet familiar with such approaches or that suppliers have not 

clearly implemented or communicated them.  

Hydrogen forklifts. Recyclability aspects of hydrogen fuel cells did not come up in the 

interviews, most likely due to the technology’s novelty and limited experience. However, 

the literature indicates that fuel cells contain valuable precious metals and fluorinated 
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ionomer membranes, whose responsible end-of-life management is a key sustainability 

issue. While recovery of precious metals is advancing, reuse of ionomer membranes still 

requires investments and further technological progress. Improving recycling efficiency is 

seen as critical for enhancing the long-term sustainability of hydrogen fuel cell systems and 

supporting their integration into circular economy models (Yingnakorn et al. 2025, 1–2). 

As with electric forklifts, design for disassembly principles were not brought up in relation 

to hydrogen solutions, nor were functional take-back systems discussed. These gaps 

highlight that end-of-life management for hydrogen forklifts is still in need of development. 

The following Table 10 shows the main aspects of end-of-life stage in forklift technologies. 

Table 10. End-of-life aspects 

End-of-Life Diesel Forklift Electric Forklift Hydrogen Forklift 

Ease of Disassembly 

– Not explicitly mentioned, 
but established 
infrastructure enables 
reuse and parts recovery 
– Disassembly is 
considered feasible within 
current practices 

– "Design for disassembly" 
not mentioned 
– No clear indication of 
systematic implementation 
by manufacturers 

– Not discussed in interviews 
– No evidence of established 
disassembly practices or 
system-level design 
considerations 

Recyclability 

– Components like tires, 
lubricants, and oils are 
responsibly managed at 
end-of-life 
– Material recovery 
considered relatively 
efficient 

– Battery recycling raised 
concerns 
– Processes vary by battery 
type and are not yet 
standardized 

– Precious metals recovery 
progressing 
– Membrane reuse still 
requires technological and 
financial development 

Reusability 

– Units are commonly 
reassigned to lighter-duty 
use 
– Usable parts often 
salvaged before final 
scrapping 

– Similar second-life 
practices as diesel forklifts 
– Batteries and other 
components reused in less 
critical roles 

-No reuse cases reported 
– Literature highlights 
potential reuse of valuable 
components 

Remanufacturability 

– Refurbishment and use of 
spare parts is common 
– Reuse seen as natural part 
of fleet lifecycle  

– Rapid battery 
development poses 
challenges for 
remanufacturing 
– No standardized 
refurbishment processes 
evident 

– No current practical 
examples 
– Requires further 
technological development 
and infrastructure 

Compliance 

– No specific regulatory 
issues raised 
– Existing practices support 
responsible end-of-life 
handling 

– Lack of standardized 
recycling procedures seen 
as a gap 
– Regulatory influence 
unclear 

– No mention of regulatory 
frameworks or take-back 
systems 
– Circular economy 
integration still developing 
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5.2.7  Sustainability in relation to other procurement factors 

This chapter examines how sustainability factors are considered in forklift technology 

procurement decisions in relation to other selection criteria such as cost, usability, delivery 

reliability, and operator experience. 

While sustainability is becoming increasingly important in procurement, interview data 

suggested that it does not yet serve as a decisive criterion in forklift purchasing decisions. 

Traditionally, technical performance, cost-efficiency, and operational reliability have 

dominated the evaluation process. Although the case company has set clear emission 

reduction targets and integrated sustainability into its strategy, no formal assessment model 

or scoring system is currently used to evaluate procurement options based on sustainability. 

Interviewees noted that sustainability considerations are indirectly reflected in choices such 

as selecting local suppliers, evaluating supply chain responsibility, and incorporating 

environmental objectives into broader investment planning. However, a lack of a 

standardized comparison tool for integrating economic, technical, and environmental factors 

was seen as a barrier to more sustainable decision-making.  

One interviewee summarized the current practice: “We don’t have any scoring system, but… 

we’ve collected forklift drivers’ opinions, compared prices, and assessed what each supplier 

is able to offer.” Another added: “It would be good to compare price per hour and 

lifecycle—what is their average service life. Battery sustainability needs to be looked into 

more deeply.” These statements reflect an awareness LCC principles, although it is not yet 

systematically applied. 

Although sustainability rarely determines the final selection, its role is evidently growing. 

Interviewees pointed out that some recent tenders have already included sustainability 

criteria to assess suppliers on the basis of sustainability considerations. In addition, the 

company is paying increasing attention to supplier responsibility by conducting audits, 

requiring Code of Conduct commitments, and evaluating raw material traceability.  

Sustainability was also linked to lifecycle thinking and reuse. For diesel forklifts, efficient 
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maintenance and parts reuse were seen as strengths, while battery and fuel cell technologies 

raised concerns over recyclability and lifespan.  

Although cost-efficiency still outweighs other criteria in most decisions, several 

interviewees expressed the company's willingness to invest more in technologies that 

improve safety, ergonomics, or environmental friendliness. At a practical level, leasing 

models were seen as a flexible solution that allows for fleet renewal while keeping costs 

under control. In addition, user comfort and functionality emerged as key factors in 

procurement decisions, highlighting that sustainable technology must also meet the everyday 

needs of end users. 

5.2.8  The role of procurement in sustainability objectives 

This chapter examines how corporate responsibility and sustainability objectives, such as 

emission reductions and internal climate strategies, guide the selection and use of forklift 

technologies. 

Interviews revealed that the company operates both owned and leased forklifts, which affects 

how emissions are reported under different Scope categories. Scope 1 emissions cover direct 

emissions from owned vehicles such as diesel forklifts. Scope 2 includes indirect emissions 

resulting from electricity generation, which is why emissions from owned electric forklifts 

are classified here, depending on the electricity source. Scope 3 covers indirect emissions 

related, for example, to the energy consumption of leased forklifts when the company does 

not have direct control over energy use (World Resources Institute and World Business 

Council for Sustainable Development 2004, 27). The interviews emphasized the role of the 

leasing model as a flexible solution for fleet renewal, supporting emission reductions and 

improving resource efficiency. 

According to the interviews, the case company is strongly committed to its climate goals. It 

aims to create a concrete climate roadmap guiding climate actions and includes targets such 

as a 50% reduction in Scope 1 and 2 emissions and a 20% reduction in Scope 3 emissions 

by 2027. The roadmap helps identify key measures across sectors, supports change 
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management, and ensures collaboration among different actors. (Sarvaala et al. 2021) 

Interviewees noted that forklift choices play a significant role in implementing this roadmap, 

as they directly affect emissions, especially through fuel and energy source selection. 

Although forklift emissions represent a relatively small share of the company’s total 

emissions, they serve as a concrete way to demonstrate climate action and align daily 

operations with strategic objectives. 

The benefits of the leasing model were also highlighted from the perspective of resource 

efficiency. Under leasing agreements, responsibility for the end-of-life forklifts shifts to the 

supplier, who refurbishes the machines and recovers any still-serviceable parts for spare part 

inventories or other uses. Furthermore, optimized charging schedules extend the operational 

life of forklifts and batteries and reduce downtime, promoting circular economy goals and 

sustainable resource use. 

From the perspective of social sustainability, the interviews emphasized the impact of 

forklifts on employee well-being. Ergonomics, noise levels, air quality, and usability were 

highlighted as significant factors affecting physical strain and safety in the work 

environment. The ergonomic improvements of new technologies support user comfort and 

align with the company’s social responsibility goals. 

The communicative significance of renewing the forklift fleet was also raised in the 

interviews. Fleet renewal serves as a concrete demonstration of the company’s commitment 

to responsibility to employees, customers, and investors. The importance of ESG ratings and 

sustainability performance in financial markets was emphasized, and responsibility opens 

access to new financing opportunities such as green transition grants and responsible 

investment funds. Interviewees stressed that sustainability reporting is more than a 

regulatory obligation; it is a means to demonstrate transparency and responsibility. The 

credibility of reporting relies on openness and honesty. 
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5.2.9  Summary of main results 

Interviews revealed that electric forklifts are considered the most environmentally friendly 

option because they produce no emissions and are well suited for indoor use, which also 

improves occupational safety and employee well-being. Diesel forklifts, on the other hand, 

were perceived as reliable with an extensive maintenance network, but their high emissions 

and poor suitability for indoor environments are clear disadvantages. Hydrogen forklifts 

were seen as a promising long-term option, combining zero emissions and quick refuelling, 

but the technology still requires significant investments in infrastructure and skill 

development. 

The case company’s sustainability programme supports the transition to low-emission 

technologies, and forklift choices have a direct impact on emission reductions. The leasing 

model enables flexible fleet renewal and improves resource efficiency. From a social 

sustainability perspective, electric and hydrogen forklifts improve the work environment for 

employees in terms of ergonomics, noise levels, and air quality compared to diesel forklifts. 

In summary, electric forklifts currently represent the most sustainable overall solution, 

especially for indoor operations. Diesel remains relevant due to its availability and 

reliability, particularly for outdoor use, but its environmental drawbacks limit its long-term 

potential. Hydrogen represents a promising future direction, though it will require significant 

technological and organizational development before widespread industrial adoption. 

A summary table of the main features of each technology across different dimensions is 

presented in Appendix 3. 

6  Discussion  

This chapter examines the key findings of the study in relation to the theoretical background 

and research framework. The aim is to interpret how the empirical results based on interview 

data relate to existing knowledge about the sustainability of forklift technologies. 
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Additionally, the chapter compiles the sustainability-related risks, opportunities, and 

decision-making factors identified from the interviews, which together provide a 

comprehensive understanding of the factors influencing the selection of forklift technologies 

in wood products industry. 

Sections answer the research questions by going through them one by one, starting with the 

sub-questions and concluding with a summary of the key findings related to the main 

research question.  

6.1  Sustainability-related risks  

Diesel, electric and hydrogen forklifts each have their own specific risks, related to 

technology, energy source and operating environment. The first sub-question was: What are 

the key sustainability-related risks associated with diesel, electric, and hydrogen 

forklift technologies? In the following subsections, the risks are divided into environmental, 

economic and social risks for each technology. 

6.1.1  Environmental risks 

According to the study, diesel forklifts have a significant environmental impact that 

hampers the company's ability to meet its climate and emission reduction targets. Their in-

use emissions do not support efforts to combat climate change or improve the working 

environment under the sustainability agenda. In addition to operational emissions, the 

literature highlights broader environmental harms related to diesel production, such as oil 

spills and contamination of water and air that negatively affect local ecosystems and 

communities. These concerns are also reinforced by a comprehensive life cycle assessment, 

which shows that the majority of greenhouse gas emissions from diesel vehicles occur during 

the fuel production and use phases (Eugenio et al. 2024, 2-3). These findings underline the 

broader sustainability challenges associated with diesel-powered forklift operations. 

The most significant environmental risks associated with electric forklifts relate to battery 

technologies, particularly the production of lithium-ion batteries. Battery manufacturing is 
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highly energy-intensive and depends on critical raw materials such as lithium, cobalt, and 

nickel, the extraction of which causes considerable environmental damage and raises ethical 

concerns. Halkes et al. (2024, 1–2) emphasize that lithium mining consumes large volumes 

of freshwater, often in regions already experiencing water scarcity, posing threats to local 

ecosystems and communities. Additionally, the mining and processing of these materials 

degrade land use and affect wastewater quality. Therefore, while electric forklifts produce 

zero emissions during use, their early life cycle stages involve notable environmental risks. 

These risks can only be mitigated through a shift to renewable production energy and the 

advancement of material recycling. This supports the finding in the study that the absence 

of emissions during use does not alone ensure the overall sustainability of electric forklifts. 

Battery end-of-life issues further compound environmental risks. Neumann et al. (2022, 1-

26) explain that only parts of lithium-ion batteries can be recovered economically with 

current technologies. Complex material compositions, flammability concerns, and strict 

transport requirements make battery recycling technically challenging and resource-

intensive. These findings indicate a pressing need for more effective and sustainable battery 

recycling solutions. Moreover, battery chemicals also introduce hazardous waste risks, both 

during forklift operation and at end-of-life, which require careful maintenance practices to 

avoid environmental contamination and fire hazards. 

The main environmental risks associated with hydrogen forklifts arise from the hydrogen 

production process. While the forklifts themselves are emission-free during use, most 

hydrogen is still produced from fossil-based sources such as natural gas, leading to 

considerable carbon dioxide emissions. Only hydrogen produced using renewable 

electricity, so-called green hydrogen, can be considered a truly carbon-neutral alternative. 

Alghool et al. (2025, 958) emphasize that the environmental sustainability of green hydrogen 

can only be reliably evaluated through a full life-cycle analysis that accounts for all stages 

of hydrogen production, storage, and distribution. In addition, Simoes et al. (2021, 1–2) point 

out that electrolysis-based hydrogen production requires large amounts of clean water, which 

is especially problematic in regions already experiencing water scarcity. Therefore, the 

environmental friendliness of hydrogen is not guaranteed but depends on the production 

method and local resource conditions. The equipment needed for hydrogen production, such 
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as electrolyzers and fuel cells, also relies on rare materials, the extraction and processing of 

which can exert pressure on the environment (IEA, 2021a, 15; 28) 

6.1.2  Ecomomic risks 

Diesel forklift technology involves several economic risks that may weaken its long-term 

attractiveness. One of the main concerns raised in the interviews was the unpredictability of 

fuel prices, which complicates budgeting and increases operational cost uncertainty. Diesel's 

dependence on global oil markets exposes it to significant price volatility, which can make 

financial planning challenging in industrial environments where cost predictability is 

essential. This is supported by the study by Gohari et al. (2018, 1-7), which analyzed the 

impact of fuel price increases on the operating costs of different freight transport modes. 

According to the study, fuel price fluctuations significantly affect the operating costs of 

diesel-fueled vehicles, increasing cost variability and complicating budgeting. The report by 

the European Comission, also confirms the price volatility of diesel and the associated 

economic risks. According to the report, fuel prices have been heavily influenced by 

geopolitical crises such as the war in Ukraine. Although the EU banned the import of Russian 

oil products in 2023, prices remained volatile due to global supply chain disruptions and the 

costs of alternative sources. (European Comission, 2024) This highlights diesel’s 

dependence on external market factors and its poor predictability from the perspective of 

industrial cost planning. 

The economic sustainability of electric forklifts appears as a multi-phase process, with the 

most significant economic risk being high initial investment costs. These costs are not 

limited to the purchase of the forklifts themselves but also include the construction of 

charging infrastructure, acquisition of spare batteries, and potential upgrades to the electrical 

system. The study showed that, especially in industrial environments with large forklift fleets 

and continuous use, these initial investments can be substantial. This observation supports 

previous studies that highlight the importance of infrastructure and maintenance in the 

economic competitiveness of electric forklifts through lifecycle cost analyses. For example, 

the study by Jiao et al. (2021, 1-5) states that although the initial investment costs of lithium-

ion batteries are higher than those of lead-acid batteries, their lower maintenance costs and 
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longer lifespan lead to lower total costs over the long term. The study also emphasizes the 

role of charging infrastructure and spare batteries as significant components of the 

investment costs, supporting the importance of comprehensive lifecycle cost analysis in 

industrial settings.  

The study highlighted the perspective that the uptake of hydrogen forklift technology is 

still limited by a lack of infrastructure, high initial investment costs and uncertainty about 

long-term benefits. Jeje et al. (2024, 656–657) emphasize that the development of the 

hydrogen economy requires close collaboration between research, industry, and the public 

sector. Without targeted support mechanisms like funding programs and international 

standardization the uncertainty surrounding the technology remains high. 

The study identified several economic uncertainties related to the implementation of 

hydrogen, with the most critical issues concerning hydrogen availability, distribution, and 

storage. These were considered major challenges particularly in industrial environments, 

which require large amounts of energy and already operate at a high investment level. The 

widespread adoption of hydrogen solutions demands substantial investments in 

infrastructure, distribution networks, and technological systems, which makes 

implementation risky. These aspects suggest that infrastructure-related risks are one of the 

key reasons why hydrogen forklifts have not yet become widespread on an industrial scale. 

This view is also supported by Sivill et al. (2022, 211-212), which highlights that hydrogen 

production and distribution require significant investments and technical solutions that are 

not yet widely available. This is especially evident in production environments, where 

broader adoption of hydrogen solutions calls for further technological development and a 

clearer regulatory framework. While the current situation presents several limitations, 

multiple studies suggest that in the future, hydrogen technologies could be integrated into 

industrial processes, particularly through localized hydrogen production. 

In addition, the study shows that the economic viability of hydrogen solutions is particularly 

sensitive to fluctuations in the price and availability of critical raw materials. Fuel cells and 

electrolysis systems depend on various rare metals, whose volatile market prices can 

undermine the economic competitiveness of the technology. This observation is also 
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supported by an earlier publication: according to the IEA (2021a, 15; 28), material 

dependency poses a significant risk to the development of the hydrogen economy. 

Furthermore, the broader adoption of the technology requires functional and well-

established supply chain solutions, as well as reliable access to green energy - particularly 

hydrogen produced with renewable electricity (Singh et al. 2024, 1393; Alghool 2025, 958) 

Based on these considerations, it is clear that material dependency and the method of 

hydrogen production are key factors in evaluating the sustainability and economic feasibility 

of hydrogen fuel cell technology. 

6.1.3  Social risks 

According to the study, the use of diesel forklifts involves significant social risks that are 

often overlooked in procurement decisions. The risks to employee health are particularly 

notable. As already mentioned in the section on environmental risks, diesel forklift exhaust 

emissions can cause respiratory symptoms, allergies, and other long-term health effects, 

especially for those working indoors. This study's findings are also supported by a 

comprehensive study by Jiang et al. (2025, 5-8), which examined the long-term effects of 

occupational exposure to diesel engine exhaust. The research found that chronic exposure to 

exhaust emissions significantly altered the airway bacteriome, which was associated with 

reduced lung function and a potentially increased risk of respiratory illnesses. The research 

stresses that working environments with poor ventilation and prolonged exposure, such as 

wood products factories, can pose a significant health risk to workers. 

According to the study, diesel forklifts can also impair the quality of the work environment 

through noise and vibration. These impacts may affect employee well-being and reduce 

occupational safety, particularly in multi-shift operations. At the same time, as social 

acceptance and the importance of environmental responsibility continue to grow, the use of 

diesel forklifts may harm the company’s reputation among employees, customers, and other 

stakeholders. Consequently, continuing the use of diesel technology may pose not only 

internal challenges related to employee well-being but also external risks to the company’s 

social license to operate and its attractiveness as a responsible employer and partner. 
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Although diesel technology is still widely used due to its reliability and existing 

infrastructure, its reliance on fossil fuels is associated with broader societal challenges. 

Studies have shown that oil production can cause harm to local communities, especially in 

regions where the oil industry plays a major economic role. Eugenio et al. (2024, 15–16) 

describe how oil production has been linked to health problems, social instability, and 

cultural changes. While this mainly concerns crude oil production, it helps to understand the 

potential indirect social impacts of diesel technology as well. Previous research supports the 

view that fossil fuel-based technologies may involve social risks. 

The study identified several social risks related to electric forklifts, particularly concerning 

usability and workflow efficiency in shift work. Long charging times can reduce forklift 

availability unless spare batteries or efficient batteries swapping systems are in place. This 

was seen as a challenge especially in environments where forklifts are used in multiple shifts. 

Furthermore, battery maintenance and employee usage practices were noted to significantly 

influence equipment reliability. In conclusion, the successful deployment of electric forklifts 

requires not only the technical infrastructure but also good practices, training and work 

organization to fully realize their potential as a sustainable alternative. 

The spatial requirements of charging areas emerged as another key concern. Charging 

stations take up valuable space and can disrupt material flows if not properly positioned. The 

study also pointed out increased accident risks and physical strain caused by poorly designed 

charging environments. For instance, when charging stations are located far from work areas, 

flexibility may decrease, and employee satisfaction may suffer. Therefore, the design and 

functionality of charging infrastructure clearly impact working conditions and employee 

well-being. This is also supported by Heinonen (2022), whose study focused on designing 

and implementing a complaint charging station for an electric forklift in an industrial 

production setting. The study highlighted the importance of appropriate placement, clear 

identification, and sufficient working space to ensure both safety and smooth operations. It 

was noted that poor spatial planning could interfere with material flows and contribute to 

physical strain, illustrating how the design and usability of charging infrastructure can 

influence working conditions and employee comfort. 
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The study found that the introduction of hydrogen forklifts involves several social risks, 

particularly related to worker safety. One key concern identified was hydrogen’s high 

flammability and the risk of self-ignition, which necessitate carefully designed work 

environments and protective measures. The study also emphasized that hydrogen’s low 

ignition energy makes it easily ignitable, for example, by static electricity, which can lead to 

self-ignition without any external spark source. This observation is supported by Al Douri 

et al. (2023, 19345), who state that hydrogen’s low ignition energy, wide flammable 

concentration range in air, and potential for overpressure and fireball hazards require special 

precautions in hydrogen handling and facility design.  

The safe operation of hydrogen forklifts involves strict requirements for hydrogen storage, 

transportation, and refueling, which increases the technical complexity of the work 

environment and places new skill demands on personnel. Due to hydrogen’s high 

flammability, workers require specialized training to ensure safe working practices, which 

also increases their responsibility and workload. Tunç and Solmaz (2025, 858) emphasize 

that the high ignition risk of hydrogen requires not only strict safety protocols but also 

continuous skill development, thorough driver training and compliance with maintenance 

and regulations. Although their study focuses primarily on hydrogen transport by trucks, the 

findings can be applied to forklifts as well. Furthermore, the role of operators is significant, 

as their training and actions directly affect the safety and risk management of the hydrogen 

transport chain. Thus, operators are key actors in both operational safety and the prevention 

of workplace risks.  

6.2  Sustainability-driven opportunities 

Electric and hydrogen technologies offer a wide range of sustainability opportunities. These 

technologies are not only alternatives to conventional diesel, but also enable a holistic shift 

towards more responsible and resource-efficient operations especially in an industrial 

environment with high material flows and continuous use. The second sub-question was: 

What sustainability-driven opportunities are offered by electric and hydrogen forklift 

technologies? 
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6.2.1  Zero emissions and indoor air quality 

The study found that both electric and hydrogen forklifts eliminate operational emissions, 

significantly improving air quality in enclosed working environments. This was considered 

particularly important in wood products factories, where emissions from diesel forklifts have 

traditionally degraded indoor air quality and increased health risks. According to the 

interviews, this has a direct impact on occupational safety and the perceived well-being of 

employees. Previous research supports this observation. Fuc et al. (2016, 1444–1446) 

showed that electric forklifts emit significantly fewer harmful compounds compared to 

diesel forklifts. Singh et al. (2024, 1393) confirms this by stating that hydrogen fuel cells do 

not produce harmful air pollutants such as CO₂ or NOₓ during use. 

In addition, the interview results highlighted the practical advantages of hydrogen forklifts: 

they offer long operating hours and fast refuelling, comparable to diesel forklifts but without 

emissions. This was seen as especially beneficial in three-shift operations, where downtime 

can lead to significant costs and disrupt production flow. This view is also supported by the 

IEA (2021b, 124-126), which describes fuel cells as particularly well-suited for transport 

and long-duration applications. This is due to their high energy density, stable performance, 

and fast refuelling capabilities, which enable more efficient fleet utilization in large 

industrial environments. In such operational settings, hydrogen forklifts offer a combination 

of performance efficiency and environmental sustainability. 

6.2.2  Lifecycle emissions and smart energy use 

The study emphasized that forklift technologies powered by renewable electricity or green 

hydrogen can significantly reduce lifecycle emissions. For electric forklifts, the ability to 

optimize charging according to dynamic electricity pricing and renewable energy 

availability was highlighted, for instance, charging at night or outside peak grid loads. This 

type of energy management supports both cost-efficiency and environmental goals. This 

finding is supported by earlier literature. Camille (2023) notes that electric forklifts convert 

energy into motion with minimal losses, especially when battery use and charging processes 

are optimized. Additionally, electric forklift charging can be integrated into smart grids that 
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take advantage of price fluctuations and the variability of renewable energy production. Le 

et al. (2024, 800–801) and Singh et al. (2024, 1393) further point out that the lifecycle 

sustainability of hydrogen fuel cells depends heavily on how the hydrogen is produced - 

green hydrogen leads to low total emissions, whereas fossil-based hydrogen has the opposite 

effect. 

6.2.3  Lifecycle management and regulation 

The study also emphasized the importance of responsible lifecycle management as part of 

sustainable forklift procurement. The study revealed that component reuse, recycling, and 

documented handling are seen as essential for ESG reporting and sustainability 

communication. An example of systematic recycling comes from Toyota Material Handling, 

where spare parts, filters, and waste oils are sorted directly in field service vehicles and 

collected during logistics runs. This system saves time, reduces fuel consumption, and 

lowers emissions (Toyota Material Handling, 2025b). 

The EU’s battery regulation supports this development by providing a structural framework 

to improve the sustainability of electric forklifts. According to the regulation, industrial 

batteries must meet requirements related to a digital battery passport, traceability of material 

origin, and recyclability (European Parliament, 2023; EU Regulation 2023/1542). Although 

this study did not explore battery technology development in depth, Nasajpour-Esfahani et 

al. (2024, 15) suggest that the performance of lithium-ion batteries can be significantly 

improved with nanomaterials and new electrolytes. This supports resource efficiency and 

enables the practical implementation of a sustainable closed-loop system. 

6.3  The role of sustainability in forklift procurement decisions 

The third sub-question was How is sustainability considered in relation to other criteria 

in the procurement of forklift technology? The analysis sought to determine whether 

sustainability is genuinely integrated as a key decision-making criterion or whether it is 

treated in practice as a secondary consideration. 
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The study shows that although sustainability is strongly integrated into case company’s 

strategic agenda, it has not yet become a systematic or decisive selection criterion in forklift 

procurement. Decision-making is still primarily guided by technical performance, cost-

efficiency, and practical functionality. Sustainability is mostly reflected indirectly, such as 

through the preference for suppliers considered responsible, but it is not yet evaluated 

through standardized or multi-criteria frameworks. In particular, the practical application of 

life cycle cost analysis remains inconsistent, and comprehensive assessments of different 

technologies have not yet been institutionalized. 

These findings support the challenge highlighted in the theoretical framework, which 

emphasizes that sustainable procurement principles often fail to translate into practice 

without clear evaluation tools, managerial support, and internal organizational change 

(Meehan & Bryde 2011; Fietz & Günther 2022). As discussed in theory, sustainability 

should not replace traditional procurement criteria but complement them. According to the 

study, it is this lack of balance that prevents sustainable development from being fully taken 

into account in procurement decisions. 

Some aspects of sustainability are already visible in procurement processes, such as supplier 

responsibility assessments and traceability of materials, indicating that the foundation for 

responsible procurement exists. However, the study also identified a clear emphasis on 

environmental aspects, such as emissions and energy efficiency, while social and economic 

sustainability dimensions currently receive less attention. This aligns with the observation 

made in the theoretical section that sustainability is often approached in a one-sided manner 

(Meehan & Bryde 2011). 

Moreover, the findings suggest that the organization’s current practices and structures do not 

yet fully support the integration of sustainability into procurement decisions. This underlines 

the need to develop clear evaluation models, harmonised procedures and inter-departmental 

cooperation in order to implement sustainability objectives at operational level. The 

recommendations in the theoretical framework, including life cycle assessment tools, 

systematic supplier accountability practices and leadership change, provide a useful 

direction for such developments. 
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6.4  Impact on sustainability objectives 

The last sub-question was: How do diesel, electric, and hydrogen forklifts impact 

sustainability objectives? 

Based on the study, it appears that case company’s decisions regarding forklift technologies 

are aligned with the company’s sustainability programme. The climate roadmap, emission 

reduction targets, and priorities related to circular economy and employee well-being are 

reflected in the use of leasing models, energy-efficient solutions, and the evaluation of new 

technologies. This supports the view presented in the theoretical framework that 

sustainability programmes should be reflected in concrete operational decisions, not just at 

the strategic level (Epstein et al. 2014; Lee 2019). 

The company’s programme emphasizes reductions in Scope 1–3 emissions, resource 

efficiency, and social sustainability. These themes were also visible in the research findings: 

electric and hydrogen forklifts, with their zero-emission operation, support the company’s 

Scope 1–2 emission reduction goals, while leasing arrangements promote circular economy 

practices by transferring end-of-life responsibility to the supplier. In addition, charging 

optimization and the reuse of spare parts contribute to better resource efficiency. 

Ergonomics, noise levels, and indoor air quality were also found to have a direct impact on 

the working environment, which aligns with the company’s occupational well-being goals. 

The research also highlighted the symbolic role of forklift renewal. Technology choices are 

not only internal improvements but also serve as a visible signal of corporate responsibility 

to customers, investors, and employees. This observation reflects the theoretical perspective 

on sustainability reporting as a communication tool that demonstrates credibility and 

transparency (Christensen et al. 2021; GRI 2023). In this context, forklift investments can 

reinforce ESG ratings and open access to green financing opportunities. 

On the other hand, it is worth reflecting on how comprehensively the life cycle impacts of 

different technologies are assessed. While electric forklifts clearly support many 

sustainability goals, issues such as battery production and recyclability may not yet be fully 
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considered. Similarly, although hydrogen solutions show strong long-term potential, their 

deployment depends on further infrastructure development. Thus, achieving the goals of the 

sustainability programme requires more systematic and long-term evaluation practices. 

When comparing the impact of different forklift technologies on the achievement of 

sustainability objectives, the differences become clear. In particular, diesel forklifts hamper 

progress in reducing emissions and achieving the working environment objectives. Electric 

forklifts, on the other hand, make a strong contribution to both environmental and social 

sustainability, especially indoors. Hydrogen powered forklifts offer promising long-term 

potential, especially for multi-shift work, but their deployment will require further technical 

development and investment. Electric and hydrogen solutions are therefore more in line with 

case company's sustainability agenda, while the continued use of diesel forklifts is driven by 

operational requirements rather than strategic compatibility with the company's 

sustainability objectives. 

6.5  Key sustainability-related factors 

This chapter answers the main research question: What are the key sustainability factors 

influencing the selection of forklift technologies (diesel, electric, or hydrogen) in the 

wood products industry? 

The study assessed forklift technologies across their full life cycle, from raw material 

sourcing and manufacturing to use, maintenance, recycling, and end-of-life treatment. The 

evaluation matrix applied was broad and covered multiple dimensions of sustainability. 

However, this chapter presents a focused analysis of those key sustainability factors that 

were identified as most critical in the operating environment of the wood products industry, 

where continuous internal logistics and around-the-clock operations highlight specific 

performance and sustainability requirements for forklift technologies. The content, 

importance and differences between technologies of each sustainability factor are discussed 

in detail in the preceding chapters. According to the study, the key sustainability factors in 

wood products industry context are: 
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1. Operational emissions 

2. Energy efficiency and resource use 

3. Responsible manufacturing 

4. Infrastructure availability and usability 

5. Recyclability and reusability 

6. Social impacts, well-being and technology acceptance 

 

Operational emissions emerged as the most critical evaluation factor specifically in the 

operating environment of the wood products industry. In production facilities, forklifts are 

used indoors around the clock, meaning that air quality and particulate emissions directly 

affect worker safety and occupational well-being. 

Energy efficiency and resource use are especially important in continuous three-shift 

operations, which are typically required in panel production. As forklift fleets are in near-

constant use, even small differences in energy consumption and maintenance needs 

significantly influence operational costs. 

Responsible manufacturing relates to the materials used in forklift production and their 

origin. Wood products companies committed to sustainability programmes and certifications 

also pay attention to the ethical aspects and traceability of their equipment supply chains. 

Infrastructure availability and usability are critical to maintaining uninterrupted 

production. In the internal logistics of wood products manufacturing, there is no room for 

delays or downtime due to forklift charging, refuelling, or maintenance. The placement of 

charging stations, the speed of service, and overall equipment availability directly affects the 

continuity of material flows. 

Recyclability and end-of-life solutions are emphasized particularly in companies that 

monitor material efficiency and pursue circular economy practices. Long-term investments 
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in equipment by wood technology companies require that the reuse and recycling of forklift 

components be clearly defined and practically feasible. 

Social impacts, such as employee well-being and technology acceptance, are especially 

relevant in indoor shift work. In wood products manufacturing facilities, employees are 

exposed to the effects of forklifts for many hours a day. 

In conclusion, the empirical findings of the study confirm the applicability of the theoretical 

framework. The evaluation matrix provided a functional and structurally clear framework 

for assessing forklift technologies. This multidimensional framework enabled a balanced 

comparison of alternative technologies and helped identify the most critical sustainability 

factors specifically within the operating environment of the wood products industry. 

6.5.1  Visualization of the key sustainability-related factors 

This chapter focuses on key sustainability factors that were selected from the broader set of 

sustainability dimensions defined in the theoretical framework. These factors were identified 

as the most relevant to the operating environment of the wood products industry based on 

interview data and analysis. These key factors, introduced in the previous chapter, were: (1) 

operational emissions, (2) energy efficiency and resource use, (3) responsible 

manufacturing, (4) infrastructure availability and usability, (5) recyclability and reusability, 

and (6) social impacts, such as employee well-being and technology acceptance. 

Based on these factors, the aim was to form a comprehensive understanding of how each of 

the forklift technologies performs across different areas of sustainability. 

To support the comparison of forklift technologies, the assessment was conducted using a 

numerical scale from 1 to 5. This method enabled the structuring of qualitative interview and 

literature data into measurable scores, which were presented in tables and radar charts. Equal 

weight was assigned to each sustainability dimension to ensure consistency in evaluation. 

On the scale, 1 indicated weak and 5 excellent performance. A score of 2 suggested poor 

performance, 3 indicated average performance, and 4 represented good performance. 
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Electric forklifts performed well in energy efficiency and resource use due to low operating 

costs and high efficiency. Their social impacts were moderate: zero emissions and better air 

quality improved working conditions, but issues such as charging ergonomics and downtime 

reduced their overall score. Recyclability was rated slightly below top marks due to 

challenges in battery end-of-life handling and aspects related to battery manufacturing also 

lowered the score for manufacturing sustainability. Diesel forklifts received low scores in 

environmental and social aspects due to emissions, noise, and vibration, but performed 

strongly in manufacturability and availability thanks to their mature infrastructure and wide 

service network. Their responsible manufacturing rating was moderate, reflecting the gap 

between established production and current sustainability standards. Hydrogen forklifts 

showed long-term promise in reducing emissions and supporting workplace safety, but their 

scores were reduced by challenges in infrastructure, energy efficiency, and green hydrogen 

production. In addition, the lack of established recycling systems and the limited reusability 

of fuel cell components further weakened their overall sustainability performance. The 

results are summarized in Table 11. Comparative sustainability evaluation of forklift 

technologies, and visualized in Figure 6. Comparison of forklift technologies based on six 

key sustainability factors. 

Table 11. Comparative sustainability evaluation of forklift technologies 

Key-factor Diesel Forklift Electric Forklift Hydrogen Forklift 

Operational emissions 1 4 3 

Energy efficiency and resource 
use 

2 4 2 

Responsible manufacturing 3 3 2 

Infrastructure availability and 
usability 

4 4 2 

Recyclability and reusability 2 4 2 

Social impacts  2 3 2 

 



93 

 

 

Figure 6. Comparison of forklift technologies based on six key sustainability factors. 

The visualization supports a holistic assessment by combining quantitative and qualitative 

data into a single, easily interpretable graphical format. At the same time, it serves as a 

practical tool for analyzing how forklift technologies contribute to achieving sustainability-

related goals. The visualization helps quickly identify to what extent each technology aligns 

with different dimensions of sustainability. For example, the strong performance of an 

electric forklift in different aspects is shown in the diagram as a broad and balanced shape. 

It shows that electric forklifts can provide comprehensive support for sustainability 

objectives, particularly where the case company is working to reduce emissions, improve 

workplace conditions and adhere to more stringent sustainability principles. 

The visualization also helps address how sustainability is considered in relation to other 

selection criteria when procuring forklift technology. In companies, forklift procurement 

decisions are often based on multiple factors, and environmentally alone does not determine 

the final choice. While environmental responsibility and emission reduction have become 

increasingly important, practical considerations such as delivery reliability and total cost still 

weigh heavily in decision-making. In this context, the visualization makes it easier to 

compare the strengths and weaknesses of different forklift types. It provides a clear, at-a-

glance overview of which areas a technology performs well in and where improvement is 
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needed. This kind of presentation makes it easier to understand the trade-offs between the 

options. Therefore, visualization not only supports comparing technologies from a 

sustainability perspective, but also helps to understand how sustainability relates to other 

decision-making criteria. Based on the results, the case company can make a more balanced 

decision that takes into account both sustainability goals and practical operational needs. 

7  Conclusions 

This study demonstrates that although diesel forklifts still have their place, they no longer 

meet the requirements of the global sustainability transition and therefore cannot be 

considered solutions aligned with companies' sustainability goals. At present, electric 

forklifts appear to be the most practical and mature option for achieving short- to medium-

term sustainability targets, whereas hydrogen solutions clearly represent a future-oriented 

technology whose significance may grow, particularly in long-term strategic planning. 

The choice of forklift technology is not about identifying a single “best” option, but about 

how well each technology supports an organization’s strategic objectives, operating 

environment, and capacity for change. Thus, the technological decision is part of a broader 

strategic process, where responsible procurement entails evaluating the bigger picture and 

considering long-term impacts. The findings also reinforce earlier research suggesting that 

the challenges of sustainable procurement are closely linked to an organization’s change 

management capabilities, and that the choice of technology is not only a technical or 

financial decision, but a strategic one. 

The study further highlights that sustainability assessment is closely tied to the operating 

environment of the wood products industry, where forklifts are used continuously indoors in 

three-shift operations. In such settings, specific sustainability dimensions such as emissions, 

resource efficiency, and infrastructure availability are emphasized. The results also underline 

that the adoption of sustainable technologies requires more than just technical readiness: it 

demands an organizational culture, internal capabilities, and clearly defined procurement 
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practices. Sustainability is not an isolated policy goal, but a part of operational decision-

making. 

The sustainability framework applied in this study proved to be a practical and adaptable 

tool that can also be used in other industrial applications. The findings complement the still 

limited body of research on the responsible procurement of forklift technologies and 

demonstrate that sustainability cannot be assessed separately from its organizational and 

operational context. 

For companies aiming to build a responsible and climate-conscious profile, hydrogen 

forklifts may offer a competitive advantage in the future, provided that their implementation 

is approached gradually and realistically. More broadly, the results of this study reflect the 

industry-wide transition toward low-emission and comprehensively sustainable 

technological solutions, in which environmental performance and organizational readiness 

for change are central. 

7.1  Theoretical and practical implications 

The theoretical value of this study lies in reinforcing the existing notion that the 

sustainability of technologies cannot be evaluated solely based on technical or environmental 

characteristics. Sustainability is always shaped by the context in which the technology is 

used and for what purpose. The evaluation matrix helped structure the analysis and can be 

applied to similar contexts where a comprehensive evaluation of environmental impact, 

technical performance, and social aspects is needed. The framework was particularly useful 

in identifying the most relevant sustainability factors from the perspective of the wood 

products industry. This supports the view that evaluation tools should be flexible and 

adaptable to the needs of different sectors. 

By examining technologies from both sustainability and practical application perspectives, 

this study contributes to previous research in two ways. It highlights the importance of social 

and organizational aspects, which often receive less attention in sustainability research on 

technology. It also combines theoretical frameworks with a structured evaluation matrix, 
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making otherwise abstract sustainability principles more applicable to real-life procurement 

decisions. 

From a practical standpoint, this study offers organizations a clear framework for comparing 

different technologies based on shared sustainability dimensions. This can support decision-

making in projects, where environmental targets must be balanced with technical and 

financial constraints. The study also helps clarify how sustainability can be integrated into 

everyday decision-making so that it becomes a natural part of operations. At the same time, 

the work illustrates what kinds of skills and mindset shifts are needed within an organization 

to implement sustainable choices in practice. 

7.2  Recommendations  

Based on the findings of this study, it is recommended that organizations develop 

comprehensive, systematic, and consistent sustainable procurement practices to guide 

purchasing decisions. Such practices should not rely solely on the judgment of individual 

decision-makers, but instead provide a structured framework for assessing the suitability of 

different procurement options in relation to the company’s strategic objectives and 

sustainability program. 

As part of this process, a multi-criteria evaluation matrix can be applied to ensure that 

environmental, economic, social aspects are considered in a balanced manner. In support of 

this evaluation, tools such as LCC or the Total Cost of Ownership (TCO) model may be used 

to broaden the assessment beyond the initial purchase price to include full life-cycle costs. 

TCO takes into account factors such as energy consumption, maintenance, downtime risks, 

insurance, and administrative costs. This ensures that decision-making is based on long-term 

economic sustainability rather than short-term savings. (Jones et al. 2020, 3–4)  

In the case of new and still emerging technologies, such as hydrogen solutions, it is 

particularly important to strengthen risk-based decision-making. Investments or 

technological transitions should be accompanied by systematic assessments of technical, 

financial, and organizational risks. A risk-based approach also allows for a more realistic 
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and anticipatory evaluation of uncertainties related to infrastructure availability, operational 

safety, and skill requirements. In this context, scenario-based models can be used to 

proactively assess risks and support more informed decision-making even when the 

technology is still in the development phase. 

The successful implementation of sustainable procurement practices also requires 

commitment and the ability of individuals at all levels of the organization to apply 

sustainability criteria in practice. This necessitates a shift in organizational culture, in which 

sustainability is seen as a shared goal rather than an external requirement. It is particularly 

important that procurement, production, and logistics personnel recognize the relevance of 

sustainability in their own work. This does not only involve environmental considerations, 

but also understanding aspects such as social sustainability, safety, ergonomics, and 

workflow efficiency as part of holistic responsibility. In order to translate sustainability goals 

from strategy into practice, clear internal guidelines and roles must be established. When 

sustainability becomes integrated into everyday decision-making, it no longer requires 

separate emphasis, but it becomes a natural part of the organization’s operations. 

7.3  Future research 

This study addressed a practical research gap by examining how the sustainability of three 

different forklift technologies is evaluated side by side in industrial procurement decisions. 

Previous literature has often focused on individual technologies or approached sustainability 

at a general level, so the case study–based approach of this work provides new insights into 

real-life decision-making situations. In addition, the study adds value through its qualitative 

analysis, which also incorporates social aspects into the evaluation. This approach expands 

on existing literature, where the analysis has often been limited to environmental or cost-

related factors. 

A particular strength of this study is its examination of internal organizational decision-

making and change management. The study highlights how the evaluation of technological 

solutions is connected to organizational culture, the implementation of sustainability 

strategies, and the role of individual actors in promoting sustainability. This combines 
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technological and organizational research perspectives in a way that has been addressed only 

to a limited extent in earlier studies. 

At the same time, the study’s scope naturally excludes certain areas that would benefit from 

further exploration. While tools such as LCA, TCO, and LCC have already been 

recommended in earlier section as part of practical decision-making frameworks, their role 

also merits further academic investigation. These methods were not incorporated into the 

empirical analysis of this study, but future research could deepen the comparison between 

technologies by applying such quantitative tools. This would enable more detailed insights 

into environmental and economic performance across the entire product lifecycle. 

Second, the study focused solely on the internal organizational perspective and did not 

examine the views of customers, end-users, or other supply chain stakeholders. The impact 

of forklift technologies on customer experience, delivery reliability, or brand value could 

provide valuable additional information for strategic decision-making. The perspective of 

supplier markets was also outside the scope of this research. 

While the study refers to the impact of regulation and market trends on the attractiveness of 

technologies, it does not systematically analyse the impact of, for example, the EU battery 

regulation, green transition measures or hydrogen subsidy policies. Neither does it address 

policy forecasts or the impact of regulatory developments on long-term strategic 

investments. A more detailed analysis of the regulatory and market environment could 

complement the understanding of how policy developments will affect the future 

deployment of technological solutions.  
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Appendices 

Appendix 1. Koskisen sustainability programme. (Koskisen 2025) 

 

  

 

  

 

  

 



 
 

 

  

 

  

 

  

 

  



 
 

 

Appendix 2. Interview questions 

 

1. How are the characteristics of the product to be purchased assessed from the 

following perspectives: 

– Environment 

– Resources and cost-efficiency 

– Manufacturability 

– Technical performance and functionality 

– Social impacts 

– End-of-life (reuse, recycling) 

2. What are the negative impacts of diesel, electric and hydrogen forklifts on the 

business? (people and environment) 

3. What are the positive impacts of diesel, electric and hydrogen forklifts on the 

business? (people and environment) 

4. What are the economic opportunities of diesel, electric and hydrogen forklifts? 

5. What are the economic risks associated with diesel, electric and hydrogen 

forklifts? 

6. How is sustainability valued in relation to other procurement factors? 

7. How do the factors link to the company's sustainability objectives? 

  



 
 

 

Appendix 3. The summary of main results 

 

Table 12. Main results 

Dimension Diesel Forklifts Electric Forklifts Hydrogen Forklifts 

Environmental 
Impact 

-High emissions 
-Poor indoor air quality 
-Significant 
occupational health 
risks  
-High fossil fuel use and 
carbon footprint 
-Noise pollution 
-Limited recyclability -
beyond parts reuse 

-Zero direct emissions  
-Overall lower emissions  
-Improves indoor air quality 
-Quiet operation 
-Electricity consumption varies 
depending on the network 
-Battery disposal and recycling 
challenges 
-Battery recycling developing 
-Modular battery replacement 

-Emission-free in use but 
environmental impact depends on 
hydrogen production method 
-Hydrogen production is energy-
intensive 
-Sustainability depends on 
renewable energy sourcing 
-Fuel cell recycling technologies 
emerging but currently limited 

Resource Use and 
Economic 
Efficiency 

-Low initial cost, but 
high fuel and 
maintenance costs 
-Existing fuel supply 
infrastructure 
-Low energy efficiency 
due to combustion 
losses 

-High upfront investment 
-Low operating and 
maintenance costs 
-Requires charging 
infrastructure 
-High energy efficiency 

-High infrastructure and vehicle 
costs 
-Hydrogen production, storage and 
refueling infrastructure required  
-Energy efficiency depends on 
hydrogen production and fuel cell 
technology 

Manufacturability 
and Availability 

-Established global 
manufacturing and 
maintenance network 
-Spare parts readily 
available 
-Fully compatible with 
existing logistics 
systems 

-Growing manufacturing sector 
-Evolving charging 
infrastructure 
-Spare parts available but 
battery tech evolving 
-Requires planning for charging 

-Limited manufacturing scale 
-Supply chain and infrastructure 
under development 
-Specialized components requiring 
skilled maintenance 
-Requires new infrastructure and 
training 

Technical 
Performance and 
Usability 

-Proven reliable 
-Robust for heavy 
outdoor use 
-Noisy and vibrational 
-Standard operator 
training 
-Suitable for rugged 
environments 

-Reliable indoors 
-Limitations in cold or rough 
terrain  
-Quiet 
-Ergonomic 
-Modular 
-Familiar to operators 
-Possible battery management 
issues 

-Promising durability and 
continuous use potential 
-Long operation times 
-Fast refueling 
-Quiet operation but safety 
concerns 
-Requires specific training 

Social Impact 

-Harmful emissions and 
noise worsen work 
environment 
-Moderate comfort 
-Well-understood by 
operators 
-Negative community 
perception due to 
emissions 

-Emission-free 
-Quiet 
-Improves worker well-being 
-High comfort 
-Increasingly familiar 
technology 
-Positive reputation as green 
technology 

-Emission-free 
-Safety concerns with hydrogen 
handling 
-Potential comfort benefits 
-Requires specialized training 
-Emerging positive image 
depending on technology maturity 

Recyclability and 
Reusability 

-Common parts reuse 
-Metal recycling 
established 
-Hazardous waste from 
fuels 
-Limited general 
recyclability 

-Battery recycling under 
development 
-Modular batteries facilitate 
reuse and replacement 
-Recycling methods evolving 

-Fuel cell recycling technology 
emerging 
-Modular fuel cells and tanks under 
development 
-Recycling currently limited 

 



 
 

 

Appendix 4. AI Declaration 

Artificial intelligence was utilized in this thesis both for exploring the background of the 

topic and for refining the language. ChatGPT was used to support brainstorming, outlining 

the thesis structure, and checking spelling. The final structure and content decisions were 

shaped and refined by the author. 

 


