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The aim of this master’s thesis was to conduct a carbon footprint assessment for the Rail-

Road Terminal (RRT) and its associated transport chain, and to evaluate its contribution to 

green logistics by applying a network design modelling approach through an intermodal rail–

road solution, using the Vantaa–Oulu route as a case study. 

The carbon footprint assessment was carried out in accordance with the GHG Protocol, ISO 

standards, and the GLEC Framework. 

The calculations were conducted using business records, estimates, and an employee 

surveys. It is important to note that this is the first time CO₂ emissions have been calculated 

for this logistics terminal; therefore, where emission factor databases were not available, 

global factors were used. In addition, benchmarking with other logistics terminals was 

carried out through desktop research to gain an overview of how other logistics companies 

measure their CO₂ emissions and which tools they use. This helped to ensure that the applied 

approach is aligned with industry practices. 

Due to data limitations, the carbon footprint assessment considered only the scope categories 

for which reliable data were available, as some categories were applicable to the RRT while 

others were not. The total carbon footprint of the RRT was 97.21 tonnes CO₂e. It was found 

that the largest source of emissions overall was purchased electricity (Scope 2.1) at 97.08 

tonnes CO₂e. 



Opportunities for emission reduction were identified for the RRT, including reducing energy 

consumption by switching to renewable energy sources. Furthermore, the research explores 

ways to improve sustainability by designing practical tools to simplify the carbon footprint 

assessment process. These tools support the collection of reliable, high-quality inventory 

data and provide an inventory quality management system for the RRT. Additionally, by 

implementing a green logistics strategy through network design and modal shift, and by 

comparing rail–road intermodal transport with road-only transport, as well as vehicle 

efficiency in road freight on the Oulu–Vantaa route, the results indicate that using the RRT 

terminal is not only more sustainable in terms of carbon footprint but also more cost-efficient 

than road-only transport. 

Further opportunities and research exist to apply and investigate this model across other 

intermodal transport operations in Finland through the RRT terminal. 
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SYMBOLS AND ABBREVIATIONS  

 

Symbols 

Ccomp. – Emission compensation cost (€/TEU) 

Cstep – Cost per operational step (€) 

Ctruck – Cost per truck transport leg (€) 

CH₄ – Methane 

CO₂ – Carbon dioxide 

CO₂e – Carbon dioxide equivalent 

Dday – Average commuting distance per day (km/day) 

EF – Emission factor (kgCO₂e/unit) 

EFmode – Emission factor per passenger-kilometre (kgCO₂e/(person·km)) 

EI – GHG emission intensity (kgCO₂e/tonne) 

Ecommuting – Total commuting emissions (kgCO₂e/year) 

Etotal – Total GHG emissions (kgCO₂e) 

H₂ – Hydrogen 

N₂O – Nitrous oxide 

Ndays – Number of working days per year (days/year) 

Nemployees – Number of employees commuting 

SF₆ – Sulphur hexafluoride 

T – Hub throughput (tonnes) 

 

 

 



Units 

kgCO₂e – Kilograms of carbon dioxide equivalent 

kWh – Kilowatt-hour 

Mt – Megatonnes 

ppb – Parts per billion 

ppm – Parts per million 

TEU – Twenty-foot equivalent unit 

tkm – Tonne-kilometre 

 

Abbreviations 

3PL – Third-party logistics provider 

AFOLU – Agriculture, Forestry, and Other Land Use 

BSI – British Standards Institution 

CCF – Corporate carbon footprint 

CFP – Carbon footprint of products 

CSR – Corporate social responsibility 

EEIO – Environmentally-extended input-output 

EIO – Economic input-output 

EPA – United States Environmental Protection Agency 

ETS – Emissions Trading System 

ETS2 – EU Emissions Trading System (Phase 2) 

EU – European Union 

GHG – Greenhouse gas 

GLEC – Global Logistics Emissions Council 



GWP – Global warming potential 

HFCs – Hydrofluorocarbons 

HOC – Hub Operation Category 

HVO – Hydrotreated vegetable oil 

ICCT – International Council on Clean Transportation 

IEA – International Energy Agency 

IPCC – Intergovernmental Panel on Climate Change 

IPPU – Industrial Processes and Product Use 

ISO – International Organization for Standardization 

ITF – International Transport Forum 

LCA – Life cycle assessment 

LCI – Life cycle inventory 

LCIA – Life cycle impact assessment 

OECD – Organisation for Economic Co-operation and Development 

PA – Process analysis 

PAS – Publicly Available Specification 

PFCs – Perfluorocarbons 

RRT – Rail and Road Terminal 

SFC – Smart Freight Centre 

TEN-T – Trans-European Transport Network 

TOC – Transport Operation Category 

TTW – Tank-to-wheel 

WBCSD – World Business Council for Sustainable Development 

WRI – World Resources Institute 



WTW – Well-to-wheel
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1  Introduction 

In the nineteenth century, during the Industrial Revolution, the use of coal as a fuel for the 

train was the beginning of economic growth and improving living standards. The twentieth 

century was the age of petroleum, when innovation in different fields such as extraction, 

refining and petrol engines entered the stage (Sillanpää and Ncibi, 2017). For one and a half 

centuries looking back to the history and petroleum legacy, the heavy reliance on petroleum 

and other fossil fuels caused many environmental disasters. The Intergovernmental Panel on 

Climate Change (IPCC, 2023) has discussed in the Sixth Assessment Report (AR6) that by 

the year 2100, an increase in global temperature in the range of 2.5°C–4.5° in the high 

scenario would cause forest death on a wide scale, which plays an important role in carbon 

sequestration and biodiversity. The ecosystems face damage and sea level rise that leads to 

severe flooding and loss of lands, which reflect on agriculture and infrastructure in other 

fields. Petroleum-derived fuels used in transportation are one of the main causes of global 

warming. Carbon dioxide (CO₂), methane (CH₄) and nitrous oxide (N₂O) are greenhouse 

gases which, besides perfluorocarbons (PFCs), hydrofluorocarbons (HFCs) and 

chlorofluorocarbons (CFCs), are causing global warming (Sillanpää and Ncibi, 2017).  

The International Energy Agency (2023) claimed emissions in the transportation section 

could have been increased if the implementation of low-carbon vehicles hadn’t accelerated; 

for instance, if all new electric cars were diesel or gasoline, global emissions last year would 

have been 13 Mt higher than now. Considering the substantial environmental impact of the 

transportation sector and the energy crisis pushing widespread adaptation of climate policies 

and mitigation processes, beside growing public awareness. (IPCC, 2023) Consequently, 

companies play an important role in mitigating GHG emissions that align with the Paris 

Agreement of limiting global warming of average global temperature to not cross 1.5°C from 

pre-industrial time (United Nations, 2023) and with the European Green Deal's goals for 

carbon neutrality by 2050 and a 55% decrease in GHG emissions by 2030 (The European 

Parliament and Council of the European Union, 2021; European Commission, 2022). It is 

also important to mention the European Green New Deal established the Corporate Social 

Responsibility (CSR) Directive to request companies disclose accurate and transparent 

statistics on essential CSR information (Federal Ministry of Labour and Social Affairs, 2022; 

Commission of the European Communities, 2021). 
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A requirement to achieve GHG emission reduction is the holistic assessment of a corporate 

carbon footprint (CCF). Organisations cannot manage what they don’t measure; hence, a 

growing number of organisations are evaluating their CCF to mitigate global warming. 

(Marlowe and Clarke, 2022). 

According to Davydenko et al. (2019), one of the main keys for a logistics company to view 

its emissions and the actions causing them is its carbon footprint. Furthermore, the reason 

for evaluating a CCF extends beyond computing global warming. For instance, organisations 

also perform carbon footprint analysis to find cost-saving potential, gain competitive 

advantages, enhance their brand, provide financial incentives adhering to stakeholders' 

reporting requirements and follow corporate social responsibility (CSR) trends (Tang and 

Demeritt, 2017). To achieve these goals through carbon footprint assessment, organisations 

have to monitor business processes and activities across their value chain to collect accurate 

information (Zvezdov, 2016). Referring to Rydén and Sandegård (2020), organisations are 

frequently unable to create a comprehensive CCF due to a lack of information systems for 

coherent data collection of GHG emissions quantification. 

The logistics sector is also not exempt from this transition. Therefore, the entire sector must 

consider sustainability in its operations. Logistics companies need to measure and calculate 

their CO₂ emissions in order to comply with reporting regulations, maintain a competitive 

advantage, and remain prepared for future climate-related regulations. There are various 

methods available for logistics companies to calculate and report their emissions; however, 

a global and unified method is not yet available. Additionally, the logistics sector requires 

standardised, accurate, comparable, and transparent approaches for emissions assessment. 

Although such standardisation is still developing, there are numerous state-supported 

standards, industry frameworks, and regional approaches for specific modes of 

transportation (Wild, 2021). 

According to the several authors, these difficulties for the comparability and accuracy of 

standards are grounded in a typical supply chain which involves multiple modes of 

transportation and multiple sections related to transhipping and warehousing and logistics 

terminals and hubs (Wild, 2021). McKinnon (2018) claimed that this situation with non-

comparable solutions has brought uncertainty for logistics managers. Even though there has 

been a lot of research about the logistics and sustainability, green supply chain management 

is not adapted completely and practically in the logistics sector, and the privileges of it have 
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been restricted; however, the goal of many organisations is to achieve net-zero emissions in 

the near future (Evangelista et al., 2017). 

The aim of this research is to conduct a carbon footprint assessment of the Rail–Road 

Terminal (RRT) in Kouvola, Finland, and its associated transport chain and to evaluate its 

contribution to green logistics through an intermodal road–rail solution, using the Vantaa–

Oulu route as a case study. The thesis also proposes a framework for supply chain emissions 

data collection and reporting and identifies suitable tools for future emission calculations. It 

was identified that switching to an intermodal transportation option through RRT is cost-

saving and environmentally sustainable at the same time compared to direct road routes. 

1.1  Background and purpose 

The case company Kouvola RRT is a railroad terminal that connects road transport and 

railroad networks by utilizing a dry-port concept. It can accommodate trains exceeding one 

kilometre in length. Case study is not exempt from the above-mentioned drivers. Kouvola 

RRT faces challenges, not only due to the lack of a unified global method for calculating 

and reporting emissions, but also the need for standardized, accurate, and transparent 

approaches in an intermodal environment involving multiple actors. Therefore, measuring 

and assessing the corporate carbon footprint is essential to address stakeholder needs. This 

study presents the first carbon footprint assessment of the case company. Supply chain GHG 

emissions were estimated using an input–output method, while primary data were used for 

activity data and energy consumption. Secondary data, ratios, average values, and literature 

sources were used to fill data gaps or substitute for unavailable primary data.An accurate 

GHG emissions inventory requires a comprehensive analysis of terminal activities, 

operational processes, and energy consumption from a carbon footprint perspective. 

Therefore, the aim of this master’s thesis is to explore how the corporate carbon footprint 

can be assessed for the RRT, identify opportunities for emission reduction and emission 

management, and evaluate how this can contribute to the concept of green logistics. 
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1.2  Research questions 

In accordance with aforementioned background and purpose the research questions that this 

thesis will answer are: 

 

1. What is the carbon footprint of the RRT, and what are the opportunities for reducing 

carbon emissions? 

2. How can supply chain emissions data collection and reporting be structured to support 

future carbon footprint assessments and enable continuous tracking and analysis of 

emissions at the RRT? 

3. How do road, rail, and hydrogen-based transport scenarios differ in terms of 

environmental and economic performance in the Vantaa–Oulu case study? 

4. What is the sustainability impact of integrating the RRT Kouvola, as a dry port, into the 

green logistics chain? 

1.3  Conceptual framework  

 

Figure 1. Conceptual framework 
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The conceptual framework is presented in Figure 1. It illustrates how the Rail–Road 

terminal's carbon management, including the calculation and reporting of carbon emissions, 

contributes to the development of a green logistics system, driven by factors such as public 

regulations and policies, competitive advantage, reputation, and stakeholder value. 

1.4  Methodology 

This thesis follows a single-case study design, as the RRT terminal represents a specific 

operational context that requires in-depth analysis. The methodology consists of three 

components. The first is a carbon footprint assessment of the terminal, where emissions were 

categorised into Scope 1, 2 and 3 to determine the main sources of environmental impact 

and identify reduction opportunities. The second component is a benchmarking analysis of 

ten logistics terminals from different countries and operational scales to understand how 

emission reporting is handled across the industry. The third is a scenario analysis on the 

Vantaa–Oulu corridor comparing five transport options with different fuel technologies 

against direct diesel trucking. Detailed methodology and data sources for each component 

are presented in Chapter 3. 

1.5  Scope and limitations 

The quality and availability of data determine the limitations of carbon footprint calculations. 

This study presents the first carbon footprint assessment of the case company. Supply chain 

GHG emissions were estimated using an input–output method, while primary data were used 

for activity data and energy consumption. Secondary data, ratios, average values, and 

literature sources were used to fill data gaps or substitute for unavailable primary data, 

particularly in the analysis of different transport scenarios for the Vantaa–Oulu case study. 

Furthermore, the carbon footprint evaluation is limited to the reporting period for which 

GHG emissions were quantified. Additionally, purely financial transactions, such as taxes 

and salaries, are excluded from the scope of business activities in this research. Business 

activity data were collected through interviews with relevant staff and project managers. 



13 

 

 

The data analysis and reporting follow the guidelines of the Greenhouse Gas Protocol. In 

addition, ISO 14083 and the GLEC Framework were applied as specific guidance to enhance 

the quality of the GHG inventory data and to support the identification of opportunities for 

emission reduction and emission management. 

1.6  Structure of the thesis 

The structure of this thesis is divided into several sections. First, the theoretical part provides 

an overview of carbon footprint concepts, methods, and principles. This is followed by a 

chapter on decarbonization in the logistics sector, which includes the background of the 

sector, green logistics concepts, and related strategies, as well as the challenges associated 

with their implementation. 

The methodology section presents the research design, data collection, and data analysis 

methods. The empirical part consists of the carbon footprint calculations and reporting. 

Finally, the thesis concludes with a discussion of the findings, including observations 

gathered during the research, an overview of the results, the study’s contributions, and 

potential directions for future development. It also provides recommendations for 

standardization and suggestions for carbon footprint reduction in future work. 

 

2  Theoretical framework 

This chapter presents the theoretical background of the study by reviewing the key concepts, 

standards, and methodological approaches related to carbon footprint assessment and green 

logistics. 

2.1  Definitions 

This section briefly introduces the most definitions used in this thesis that are crucial for a 

wholesome understanding of the topic.  
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2.1.1  Greenhouse gases 

Greenhouse gases (GHG) include carbon dioxide (CO₂), methane (CH₄), nitrous oxide 

(N₂O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur hexafluoride (SF₆), 

chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), ozone (O₃), and water 

vapour (H₂O) (Zhang et al., 2008). The largest contributor to global warming is CO₂. 

Ramanathan and Feng (2009) explain that global warming refers to the trapping of solar 

radiation in the Earth’s atmosphere due to the presence of GHGs. These gases absorb 

infrared radiation that is emitted from the Earth's surface and re-radiate it back, eventually 

causing the Earth to warm. This process contributes to the long-term increase in global 

temperatures. According to Yue and Gao (2018), natural systems like forest fires, wetlands, 

oceans and volcanoes release significant quantities of greenhouse gases, contributing to 

global warming. However, human activities such as burning fossil fuels, deforestation and 

industrial processes are the dominant source of GHG emissions. These anthropogenic 

emissions account for approximately 55.46% of the total global GHG emissions. The global 

climate is undergoing significant century-scale changes, as evidenced by numerous 

observations. Previously, the IPCC's Fourth Assessment Report (2007) highlights a 0.74°C 

increase in average surface temperature from 1960 to 2005, with over 90% certainty that 

human activities have been the primary cause of rising temperatures since 1950. CO₂ levels, 

which were 280 ppm before the Industrial Revolution, had risen to 379 ppm by 2005, far 

exceeding natural factors in the past 650,000 years. Recently, the IPCC Sixth Assessment 

Report (2023) claimed that the atmospheric concentration of carbon dioxide has risen to 415 

parts per million (ppm); in addition, the methane (CH₄) level reached 1,896 parts per billion 

(ppb), and nitrous oxide (N₂O) concentrations are now 335 ppb, highlighting unprecedented 

levels of these greenhouse gases in at least the last 800,000 years, and as a result, global 

surface temperatures have increased by 1.1°C by 2011-2020 compared to 1850-1900. 

2.1.2  Carbon footprint 

To reduce carbon emissions and mitigate climate change, managing the carbon footprint of 

products across the supply chain is the action that businesses have to take (Carbon Trust, 

2006). Generally, the carbon footprint is an effective tool to assess, evaluate and report the 
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total amount of greenhouse gas generated directly and indirectly from the activities of an 

organisation during the lifecycle of products (Viiala, 2023). According to Pandey et al. 

(2010), the methodologies of carbon footprint calculation are still in progress, as it is a 

significant tool for managing greenhouse gases, indicating environmental impact and 

clarifying global warming. However, definitions and calculations of carbon footprints lead 

to inconsistencies in definition and calculations across studies; for instance, disagreement in 

the selection of the gases and the order of emissions that are covered in footprint calculations. 

The concept of a “carbon footprint” originated from the broader idea of an “ecological 

footprint", which was introduced by Wackernagel and Rees (1996). An ecological footprint 

aimed to measure the biologically productive land and water areas required to sustain a 

particular population’s consumption patterns. This idea states that the land area needed to 

absorb all the CO₂ produced by human activities during its lifetime. Later, as global warming 

became the prominent issue in the environmental impact, the term 'carbon footprint' began 

to be used as a tool to quantify greenhouse gas emissions. East (2008) has investigated the 

various definitions of carbon footprint which exist in scientific literature and publications. 

Due to a lack of a specific conceptual definition of a carbon footprint, various alternative 

terms have been developed, such as “greenhouse gas accounting", or the other term, “carbon 

accounting", has been identified to describe the environmental impact assessment. Despite 

all synonym terms and often conflicting definitions, two key issues are of great importance: 

units of measurement and scope of measurement (East, 2008).  

2.1.3  Global warming potential indicator 

As mentioned above, a rapid rise in global temperature is happening due to the inducement 

of GHGs by increasing human activities. However, not all GHGs contribute equally; their 

capacity to increase the temperature is different and highly depends on radiative forcing and 

their lifespan. By considering these two factors, the average warming it can cause, “global 

warming potential” (GWP), is measured relative to CO₂, hence the unit of GWP is expressed 

as CO₂ equivalent units. (Pandey et al., 2010) 

Table 1, adapted from the IPCC Sixth Assessment Report (2020), presents the global 

warming potential (GWP) of gases relative to CO₂, which is assigned a value of 1. For 
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example, 1 kg of sulphur hexafluoride (SF₆) has a GWP₁₀₀ of 24,300, meaning it is equivalent 

to 24,300 kg CO₂e over 100 years. 

Table 1. Global Warming Potential Values (GWP) relative to CO2 (IPCC, 2024) 

GWP value for 100-year time horizon  

Common chemical 

name or Industrial 

designation 

Chemical formula Fourth Assessment 

Report (AR4) 

Fifth Assessment 

Report (AR5) 

Sixth Assessment 

Report (AR6) 

Carbon dioxide CO2 1 1 1 

Methane – non-fossil CH4 25 28 27 

Methane – fossil CH4 N/A 30 29.8 

Nitrous oxide N2O 298 265 273 

Nitrogen trifluoride NF3 17,200 16,100 17,400 

Sulfur hexafluoride SF6 22,800 23,500 24,300 

 

The compact list of global warming potential factors of all kinds of gases can be found in 

the Greenhouse Gas Protocol.   

2.2  Standards and guidance for GHG accounting 

This section provides the literature review on carbon footprint methodologies and 

approaches in order to identify a suitable carbon footprint methodology for this thesis. 

Carbon footprint calculations are carried out by accounting for the direct and indirect 

greenhouse gas emissions in the life cycle of the product. This life cycle includes all the 

stages from its manufacture, from the beginning of raw material to final packaging, 

distribution, consumption and the last stage of disposal, in other terms. This analysis is also 

called a 'cradle-to-grave' analysis. To calculate the carbon footprint, GHGs emitted at each 

stage of the product's life cycle would be estimated by LCA, which is also technically called 

GHG accounting. There is guidance for GHG accounting. Here are common sources for 

standards and guidance:  

 

• The Greenhouse Gas (GHG) Protocol, developed by the World Resources Institute 

(WRI) and the World Business Council for Sustainable Development (WBCSD), 

provides two main standards: (1) the Product Life Cycle Accounting and Reporting 
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Standard, and (2) the Corporate Accounting and Reporting Standard, which includes 

guidelines for Value Chain (Scope 3) Accounting and Reporting. The GHG Protocol 

Corporate Accounting and Reporting Standard was revised in 2015 to include scope 

2 Guidance, which provides a comprehensive framework for measuring and 

reporting emissions from purchased or acquired electricity, steam , heat and cooling. 

These standards offer both sector-specific and general calculation tools, focusing on 

quantifying GHG reductions achieved through various mitigation strategies within 

its Project Protocol. This framework serves as the foundation for most GHG 

accounting guidelines, including ISO 14064 (Parts 1 and 2), as established by (WRI 

and WBCSD, 2004; 2005; 2015) 

• ISO 14064 (Parts 1 and 2) is an international standard that helps organizations define 

system boundaries, measure greenhouse gas (GHG) emissions, and manage their 

reduction or removal. It also offers guidelines for designing GHG mitigation projects, 

ensuring consistent and credible reporting (ISO, 2006a, 2006b). 

• The British Standards Institution (BSI) updated the Publicly Available Specification 

2050 (PAS 2050) in 2011. This version presents a standardized method for 

calculating the life cycle greenhouse gas (GHG) emissions of goods and services. 

Additionally, the update offers guidance assessing emissions of a product's life cycle, 

from procurement of raw material to disposal. (BSI, 2011) 

• Anthropogenic GHG emissions are divided into five categories by the IPCC (2006; 

2019) Guidelines for National Greenhouse Gas Inventories: Energy; Industrial 

Processes and Product Use (IPPU); Agriculture, Forestry, and Other Land Use 

(AFOLU); Waste; and General Guidance and Reporting. This guideline, which 

updated the earlier 1996 version, offers a comprehensive framework for countries to 

not only communicate their national GHG emissions but also add removal 

inventories. 

• Global Logistics Emissions Council (GLEC) is an industrial-led initiative focused on 

developing standardized methods to measure and report greenhouse gas emissions in 

the logistics and transportation sectors. The GLEC was founded by the Smart Freight 

Centre (SFC) to bring various stakeholders such as logistics companies, shippers and 

environmental organizations to create the approach to track and reduce emissions 
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across supply chains. The GLEC framework provides a clear methodology that 

covers all modes of transportation, as well as warehousing, transshipment and hub 

activities. The framework complies with international standards such as ISO 14083 

and the Greenhouse Gas Protocol. 

This methodology framework provides the ground for their partners and customers to 

implement actions of reducing greenhouse gas emissions and meet the Paris Climate 

Agreement (Smart Freight Centre, n.d.). 

 

• ISO 14083 is focused on quantifying and reporting greenhouse gas emissions along 

the value chain of transport and logistics operations. (Smart Freight Centre, n.d.) 

 

2.3  Carbon footprint approaches 

According to Pandey et al. (2010), the methodologies of carbon footprint calculation are still 

in progress. Cordero (2013) explained methodologies for measuring carbon footprint into 

three categories: 

• Territory or Country Carbon Footprint Methodologies, which are called input-output 

(EEIO) analyses for calculating a carbon footprint of a whole sector or industry and 

to create emission inventories. 

• Corporate carbon footprint methodologies, which assess the carbon footprint of the 

organisation by accounting for all direct and indirect activities across the 

organisation, such as energy consumption in the building, industrial processes and 

supply chains, and emissions from company-owned vehicles (fuel consumption) 

• Product carbon footprint, by using the lifecycle of a product or service (LCA). This 

includes emissions from raw material to usage and, ultimately disposal or recycling.  

  

As described by Pandey et al. (2010), each stage of the life cycle of any product or service 

is connected to other stages, and this chain might become too complex to be analysed. Hence, 
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to evaluate LCA for greenhouse gas emissions, two approaches, bottom-up or process 

analysis (PA) and top-down or input-output (EIO), have been presented, in which PA is 

defined as an approach where the emission sources are broken down into smaller sections 

for convenient calculations. However, Wiedmann and Minx (2007) claimed that selecting 

appropriate system boundaries for this approach is necessary to reduce the truncation error 

related to the underestimation of environmental impacts of excluded processes outside the 

chosen boundary; hence, this approach is mostly appropriate for small organisations and has 

a high accuracy of data quality. On the other hand, EIO analysis presents an approach based 

on input-output tables, which are economic records, and by linking each sector's economic 

activity with its typical emission, carbon footprint estimation can be carried out. In this 

approach, the whole economic system of the sector is considered a boundary, and the output 

comes at the expense of details. The most advantageous aspect of this approach is to give a 

quick estimate of carbon footprint and need to be modelled once; however, it has a lack of 

accuracy compared to the other approach. (Wiedmann and Minx, 2007) 

To tackle the drawbacks of both methods and robust the carbon footprint analysis, the hybrid 

method is presented, which is the result of combining both methods. The procedure is in a 

way that at the beginning, process analysis is implemented to break down the process and 

focus on major components and monitor direct energy inputs such as fuel or electricity at 

each stage. To capture indirect energy costs which are missed in process analysis, the input-

output approach is taken, and economic data is used as a leverage to model an average energy 

consumption across different sectors which account for smaller and indirect inputs such as 

energy of raw materials or support services. This method increases the efficiency and 

reliability of the estimate of the total energy of the carbon footprint for products, services or 

systems. (Bullard et al,. 1978) 

2.4  GHG accounting 

Assessment approaches differ based on an entity, which could be a firm, corporation 

enterprise or product or service. However, all approaches follow the structured framework 

that is suggested by  ISO 14067: 

1. Conducting inventory Analysis 
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2. Assessing environmental impact 

3. Analyzing and interpreting results 

4. Defining objectives and scopes 

2.4.1  Defining objectives and scopes 

The aim of defining the goal of conducting scope is to have a clear direction for the GHG 

accounting process, outlining the study’s purpose, audience and reporting the framework. 

The scope of the assessment should clearly define key elements such as system boundaries, 

functional units, and data requirements to ensure consistency and accuracy. ISO 14067 not 

only emphasize on detailing the product life cycles geographical and temporal dimensions, 

assumptions, and limitations to improve comparison and traceability, but also insist that at 

least 80 % of the system’s carbon footprint must be represented by the data and system 

boundary that are used in the study. (ISO, 2018) 

2.4.2  Inventory analysis 

According to ISO 14067, inventory of data involves compiling qualitative and quantitative 

data related to the system of study in each stage of the product's life cycle, known as the Life 

Cycle Inventory (LCI) as well. This step collects primary and secondary data, which consist 

of relevant direct and indirect emissions from energy, transportation, product use and other 

sources. The emissions inventory is divided into three sections, which are known as Scope 

1, Scope 2, and Scope 3 emissions. An overview of the scopes is shown in Figure 2 (GHG 

Protocol, 2011). The next sub-chapter will define direct and indirect emissions as set out in  

Scope 1, Scope 2, and Scope 3 by GHG Protocol. 

 



21 

 

 

 

Figure 2 . Overview of scopes (GHG Protocol, 2011). 

 

2.4.2.1  Scope 1 emission definition 

Emissions that are directly produced by an entity are included in Scope 1. In other words, 

the entity is the owner of the source of these emissions. These emissions are produced by 

(World Resources Institute, 2004): 

• Assets such as buildings and vehicles  

• Stationary that directly generates electricity, heat or steam  on-site 

• Company-owned transport is used for moving goods 

• Facilities that manufacture chemical materials like cement 

• Leaks or unintended emissions from company-owned physical assets  

These emissions that are reported by the entity are categorised into four sections: 

Stationary combustion, fugitive emissions, mobile combustion, and process emissions. 
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2.4.2.2  Scope 2 emission definition 

Scope 2 emissions refer to indirect emissions resulting from the consumption of purchased 

or acquired electricity, steam, heat, or cooling. These emissions are generated outside the 

organization but occur as a result of its operational activities. Essentially, Scope 2 emissions 

are tied to the distribution and production of energy sources that the organization does not 

own or classify as its assets (Sotos, 2015). 

2.4.2.3  Scope 3 emission definition 

According to World Resources Institute and Carbon Trust (2013), Scope 3 contains all 

additional indirect emissions through the value chain of the entity. Figure 4 shows the 15 

distinct categories in Scope 3 and presents how Scope 3 is relevant to Scope 1 and Scope 2. 

These 15 categories in Scope 3 provide the systematic framework for an entity to assess, 

manage and decrease emissions across the entity's value chain. 

 

Figure 3. Overview of GHG Protocol scopes and emissions across the value chain (World 

Resources Institute and Carbon Trust, 2013) 

 

Scope 3 is divided into upstream and downstream sections with 15 different categories. 

Categories 1 to 8 are part of upstream activities, and 9 explains downstream activities. 

These categories are designed in the way of avoiding double-counting emissions and have 

a clear boundary. Figure 4 presents the description of all 15 categories of Scope 3. 
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Figure 4. Scope 3 categories (World Resources Institute and Carbon Trust, 2013) 

 

2.4.3  Impact assessment 

According to ISO 14067, the Life Cycle Impact Assessment (LCIA) phase is where the 

potential climate impact, damage to natural ecosystems and climate change are calculated 

by the metrics Global Warming Potential over a 100-year period. This stage helps diagnose 

indicators that can be used to track and monitor the impact on the current situation and future.  

2.4.4  Interpretation of results 

ISO 14067 clarified that the interpretation phase of a carbon footprint (CFP) study should 

comprise an evaluation that includes completeness, consistency, and how sensitive and 

uncertain the result might be. Furthermore, the development of recommendations, findings 

and limitations. Completeness means making sure the evaluation contains all relevant data 

for the study and clarification for any exclusions. Consistency refers to using methodologies 

that allow data to be comparable over time. 
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2.5  Activity data 

To calculate the GHG emissions of an entity, relevant activities that produce emissions 

across all processes are monitored. According to Viiala (2023), "activity data" represents a 

measurable quantity that generates GHG emissions. Examples of activity data include litres 

of fuel, kilograms of purchased materials, or expenditure in euros on specific products. 

Emission factors, which indicate how much CO₂ equivalent is produced per unit of activity 

(e.g., kgCO₂e per kilogram or per euro), are used to convert activity data into GHG emissions 

through an equation, further explained in the methodology section. 

As stated by the Dobers and Jarmer (2023), the quality of GHG emission reports depends on 

the quality of the data sources, which are divided into primary and secondary categories. 

Primary data refers to direct measurements or calculations based on direct assessments of 

value chain processes or activities. In the absence of primary data, all other data that does 

not meet these criteria is classified as secondary data. In practice, a company might take both 

data types for their assessments; however, the transparency of the document has to be clear 

if other measured data is used and which underlying assumptions are applied. (Dobers and 

Jarmer, 2023). 

According to the GHG Protocol, the quality of the data is more important than the large 

amount of data. Therefore, some companies might exclude their data due to the lack of 

accuracy and poor quality. However, the World Resources Institute and the World Business 

Council for Sustainable Development (2004) noted that when data is incomplete, these 

exclusions must be documented with clear justification to maintain transparency and data 

integrity in the report process; otherwise, the GHG report will lose its credibility and 

acceptance. To tackle this issue, the GHG Protocol offers companies to conduct a robust 

"data quality management system". 

2.6  Data quality management system 

 Data quality management system includes comprehensive procedures and data collection 

tools that are regularly maintained, updated, and enhanced to uphold high data quality 

standards. The inventory quality management system consists of the following seven steps: 
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1. “Establishing Inventory Quality Team” – Team that takes the responsibility of the 

management system and plan to continuously improve the management system 

and inventory quality. This team or manager should manage the collaboration 

between relevant business departments and entities such as consulting companies 

and research institutes. 

 

2. “Developing Quality Management Plan” – at this level the team has to plan the 

details and steps that need to put the management system into action, including 

inventory design planning and procedures for collecting data and reporting, which 

include inventory development processes. In this stage, guidance from ISO 

standards is necessary to ensure accuracy. 

 

3. “Performing Generic Quality Checks” – In this stage a specific checklist is filled 

for data-gathering purposes. This will make sure emission calculations are 

aligned with applicable methodologies. This might involve unit conversions, 

assumption verifications and recording. 

 

4. “Performing Source-Specific Quality Checks” – these checks gather information 

that could be helpful in estimating uncertainty quantitatively through reviewing 

how boundaries are applied, recalculating procedures, ensuring that accounting 

and principles are followed for each type of data source. Also checking the 

quality of input data for instance, verifying whether electricity consumption data 

is better to obtain from bills or meter readings. 

 

5. “Reviewing Final Inventory Estimates and Reports” - conduct a technical review 

of the final inventory for accuracy, followed by a managerial review for corporate 

approval. An external review is also recommended. 

 

6. “Institutionalizing Formal Feedback Loops” – in this step, the formal feedback is 

provided based on the outcomes from stage 5, along with all potential 

improvements and opportunities identified through the feedback process. 

Additionally, any errors should be corrected based on the feedback received. 
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7. “Reporting, Documenting, and Archiving” – to complete the inventory 

management systemin the last step of the loop, the procedures should be setup for 

reporting, documentation and archiving to specify what information should be 

recorded for internal use and how it will be stored and what information should 

be shared with external stakeholders. (WRI and WBCSD, 2004) 

 

 

Figure 5. Inventory quality management system. (WRI and WBCSD, 2004) 

 

A company’s quality management system should be seen as ongoing processes that evolve 

over time. The plan should be considered as a multi-year and long-term strategy for 

implementing the inventory and quality control issues from previous years and updated as 

opportunities for improvements in the evergreen environment. 

2.7  Reporting principles 

According to WRI and WBCSD (2004), companies' GHG accounting and reporting are 

evolving in practice. However, these practices are guided by five key principles (relevance, 

completeness, consistency, transparency, and accuracy). These principles help ensure that 

GHG reporting aligns with the structured approach of financial reporting standards and 

reliable reporting.  

 



27 

 

 

• “Relevance”: The principle of relevance indicates all relevant information that both 

internal and external users need for making decision include in report. The main 

part of relevance is the specification of an appropriate inventory boundary that 

shows the economic reality of the company’s business relationships. Furthermore, 

the character of the entity is the main issue for choosing inventory boundaries 

based on different factors such as organisational structures, which clarify the 

operational or financial type of control, operational boundaries, which show on-site 

and off-site activities and business concept, which clarify the industry sector, aim 

of information and users of information. 

 

• “Completeness”: this principle shows that all relevant emissions in Scope 1, Scope 

2 and Scope 3 are included in the company’s GHG inventory. 

 

• “Consistency”: this principle shows the importance of using a consistent approach, 

inventory boundary and calculation methodologies to provide the a comparable 

GHG data over time hence users of GHG information able to track the emissions 

trend. 

 

• “Transparency”: This principle clarifies the extent and clarity of information 

disclosure, ensuring that processes, assumptions, and limitations are documented in 

a neutral and understandable way. It supports clear reporting so that internal and 

external reviewers can verify it. 

 

• “Accuracy”: Data should be sufficient to enable users to make decisions with 

reasonable assurance. Therefore, emissions reports must be as close to the actual 

values as possible to minimize uncertainty. Accurate measurements increase 

credibility and support robust transparency." 

 

Further requirements include setting organizational boundaries and choosing one 

consolidation approach that needs to be taken. According to EPA (2024), there are 

three consolidation approaches for setting organization boundaries. The GHG protocol 

explains three consolidation approaches in Table 2. 
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Table 2, Consolidation Approaches for setting Organizational Boundaries (EPA, 2024) 

Consolidation Approach Description 

 

 

Equity Share 

GHG accounts based on the company’s ownership 

share in an operation. For instance, if the company 

owns 30 % of joint ventures, it will report 30 % of 

the emissions from that joint venture under this 

approach. 

 

 

Financial Control 

The organization reports GHG emissions from 

operations where it has financial control, it means it 

can direct the operations financial and operating 

policies, regardless of ownership percentage. 

 

 

Operational Control 

The organization reports 100 % of emissions from 

operations it directly controls. In this approach the 

company has the authority to implement operation 

policies and make decisions regarding emissions 

reduction.  

 

Additionally, EPA (2024) presented several types of entities and assets and how they 

are relevant in Scope 1 and Scope 2 inventory under the three different approaches. 

Percentage of emissions included in the boundary. 
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Table 3. Percent of Scope 1 and 2 Emissions for Entities or Assets included Each 

Consolidation Approach (EPA, 2024) 

Entity or Asset Equity Share Financial Control Operational Control 

Fully owned asset 100% ownership Report 100% emissions Report 100% 

emissions 

Subsidiary/Group 

company/Franchise 

Report proportional share Report 100% if 

controlled; otherwise 

0% 

Report 100% if 

controlled; otherwise 

0% 

Joint venture or 

partnership 

Report based on equity share Report based on equity 

share 

Report 100% if 

controlled; otherwise 

0% 

Affiliate or associated 

company 

Report based on equity share Report 100% if 

controlled; otherwise 

0% 

Not included 

Finance or capital leased 

assets 

Report 100% Report 100% Report 100% 

Operating lease Not  included Not included Report 100% if 

controlled; otherwise 

0% 

 

  

EPA (2024) explained that in practice, the difference of these 3 approaches is about 

leased facilities or vehicles under an operating lease. With operating leases, these assets 

are excluded from the inventory under the equity share and financial approaches, but 

they are included under the operational control approach. 

 

EPA (2024) stated that the operational control approach is the most widely used since it 

aligns with an organisation's comprehensive range of assets in a GHG inventory. 

Additionally, organisations with complex ownership structures may prefer an equity share 

approach to better match stakeholder interests. Alternatively, an organisation may select a 

financial control approach to align its GHG reporting with assets included in its financial 

report. For instance, in this approach, if the company outsourced the transportation operation 

to the third-logistics provider (3PL), the emissions from the 3PL would be considered in the 

report since the company financially controls and directs the logistics provider, even though 

the company doesn’t directly manage the daily logistics operation. In contrast with the 

operational approach, since the company doesn’t operate its logistics, it would not include 
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the emission from the 3PL provider in its inventory. In this thesis the writer decides to 

consider financial approaches since they give a more comprehensive view of the company's 

carbon footprint and develop more effective emissions reduction strategies to adopt greener 

practices. 

2.8  GHG emission in logistics and transportation sector 

According to the recent report of the International Energy Agency (2023), global CO₂ 

emissions in different sectors belong to the power, industry, transportation and building 

sectors, respectively; however, at the global level, CO₂ emissions in the power and 

transportation sectors grew by 261 Mt and 254 Mt, respectively, despite offsetting 

reductions in the industry and building sectors. The International Energy Agency (2023) 

claimed emissions in the transportation section could have been increased if the 

implementation of low-carbon vehicles hadn’t accelerated; for instance, if all new electric 

cars were diesel or gasoline, global emissions last year would have been 13 Mt higher than 

now. However, researchers estimate that around one-third of the CO₂ released into the 

atmosphere annually is from vehicle exhaust (Sillanpää and Ncibi, 2017). 

According to the International Transportation Forum (2021), the demand for freight 

transportation is expected to approximately triple by 2050; even under its most optimistic 

vision, the demand will double to exceed 270,000 billion tkm for all transportation modes 

or 350,000 billion tkm at the peak point. On the other hand, logistics activities and freight 

transportation, which caused 8 to 10 % of global greenhouse gas emissions, are set to 

increase by 42 % but need to get close to net zero by 2025 to meet the climate target of the 

United Nations Paris Agreement. Hence, it is important to improve the efficiency of freight 

transport and reduce transport emissions. (Smart Freight Centre, 2023) 

As the transportation industry is one of the biggest contributors to environmental 

degradation, as a result it impacts the field of logistics as well, hence leading logistics 

toward “greenness” brings more opportunities towards environmental friendliness 

(Rodrigue, Slack and Comtois, 2008). In the transport sector, global freight activity is 

predicted to grow by approximately 2.5% annually between 2000 and 2030, while 

passenger transport demand is expected to increase by around 1.6% per year (World 
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Business Council for Sustainable Development, 2004). Figure 6 illustrates each mode of 

transport's contribution to logistics emissions in different levels. 

 

Figure 6.  Each mode of transport participates in logistics emissions, to varying degrees (ITF 

and OECD, 2021) 

2.9  Green logistics 

According to Bouchery et al. (2017), logistics include the business operation that plans, 

controls and implements the flow of goods with the related information in this process 

between the origin and destination points to achieve customer demand. The whole process 

will be done through managing transportation, warehouse and inventory decisions across the 

business and, if possible, the entire supply chain. Nowadays the logistics industry has 

experienced the sustainable transition from a traditional way to a green practice ground. 

Previously, the aim of the logistics decisions was constrained to minimizing the cost and 

maximising the profitability or accomplishing customer service goals. As times go by, 

increasing the awareness of society about a “green planet” and sustainable lifestyle beside 

government policies and agendas regarding those issues, companies have added sustainable 

goals to their business aims as a social commitment and responsibility and are being more 

interested in mitigating the social and environmental impact of their products and operations 

(McKinnon et al., 2010). Therefore, transportation providers put effort into reducing 
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greenhouse gas emissions from their vehicles, and warehouse departments have to 

implement the strategies that lead to decreased waste and energy consumption of the 

operations from non-renewable sources. To nutshell, green logistics is the systematic 

measurement and analysis that mitigates the environmental impact of logistics activities 

through different strategies. (Bouchery et al., 2017) 

 

2.10  Challenges in implementing green logistics 

There are general issues in implementing green logistics, such as a lack of data on the freight 

transportation system and a serious dearth of freight statistics. Especially at the international 

level, data deficiencies are more significant. The lack of data impedes macro-level analysis 

and the monitoring of progress in the carbon intensity of freight operations. However, at the 

company level, much progress is being made in monitoring carbon emissions. Many 

businesses are auditing CO₂ emissions from their own activities, and the public disclosure 

of this data may provide a valuable and precise new source of information on the carbon 

intensity of freight transport and logistics, especially in cross-border movements. 

(McKinnon, 2008) 

Another challenge is related to the economic impact of freight decarbonization measures, in 

a way that, although many freight decarbonization measures improve both environmental 

and economic performance by reducing fuel consumption, some strategies involve 

additional costs or operational trade-offs. For example, decarbonization of the warehousing 

network may reduce transport emissions but increase inventory and warehousing costs. 

Reducing these economic trade-offs represents an important barrier to the implementation 

of green logistics strategies and may require government incentives and regulations to 

encourage adoption (McKinnon, 2008). 

A further concern is that carbon emissions calculations applied to the freight sector should 

be coordinated with other strategies. For instance, in some cases, sourcing from distant 

suppliers with more energy-efficient production processes may result in lower overall 

emissions despite longer transport distances. Therefore, life-cycle analysis is used to 

evaluate these environmental trade-offs (McKinnon, 2008). 
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2.11  Public policy measures 

Public policy has a significant role in reducing CO₂ emissions from freight transportation by 

affecting key freight parameters. These measures include taxation, emission trading 

schemes, and advisory programmes, which encourage modal shift from road to rail or water, 

improve vehicle utilisation, reschedule deliveries, and promote the use of vehicles with 

lower carbon emissions (McKinnon, 2007b). Internalisation of external costs, participation 

in emission trading systems, and advisory programmes are among the most prominent 

measures that guide companies towards more sustainable logistics practices (McKinnon et 

al., 2010). 

Figure 7 illustrates that policies such as infrastructure investment, road pricing, vehicle 

regulations, and land-use planning can affect factors including modal shift, vehicle 

utilisation, routing, and fuel efficiency. By modifying these factors, governments are 

indirectly able to reduce the carbon intensity of freight transport (McKinnon, 2008).  
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Figure 7. Taxation policy and advice affected all freight parameters (McKinnon, 2008). 
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2.11.1  External costs 

External costs related to freight transport include congestion, air pollution, infrastructure 

degradation, accidents, and fossil fuel depletion, which are widely known as “externalities” 

(Rotinen, 2022). To address these externalities, logistics companies must internalise their 

external costs and improve their sustainability goals. A strategic plan is needed to balance 

economic, social, and environmental objectives (Cadena and Magro, 2015). McKinnon 

(2008) claimed that many studies have calculated the amount of tax each transport mode 

should pay to fully cover marginal social costs, which would promote a shift to cleaner 

modes. 

2.11.2  Emission trading programmes 

The emission trading programme includes carbon trading schemes that help reduce CO₂ 

emissions by setting limits and creating financial incentives. The EU Emissions Trading 

System has already been extended to aviation, including air freight, and could be expanded 

to road freight. In such cases, companies may either join the system or pay an additional CO₂ 

tax. These emissions can be monitored through fuel purchases, and in outsourced transport, 

the responsibility for emissions must be agreed upon between the shipper and the customer. 

(McKinnon, 2008) 

2.11.3  Advisory and awareness programs 

Here are government advisory programmes, such as the UK’s Freight Best Practice 

initiative, which provide guidance to reduce fuel consumption and CO₂ emissions in order 

to achieve environmental and cost savings (refer to   www.freightbestpractice.org.uk). There 

are similar initiatives followed by the Netherlands and the EU, aiming to reduce overall 

freight demand and promote more sustainable logistics practices through projects such as 

the “Transport Avoidance Project” and the European Commission’s Marco Polo II 

programme (McKinnon, 2008). 

http://www.freightbestpractice.org.uk/
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2.12  Green logistics strategies 

As mentioned previously, the aim of green logistics is to mitigate the environmental impact 

of logistics operations. In this regard, it is necessary to explain the five main logistics 

variables that collectively determine the environmental impact of logistics, as identified by 

Blanco and Sheffi (2024): 

 

• Distance: how far freight is transported and where loading and unloading take place  

• Mode: the transport mode used  

• Equipment: the type of vehicle and the fuel it uses  

• Load: how much cargo is carried and how efficiently space is utilized  

• Operations: how well transport activities are managed in terms of driver behavior 

and planning  

 

Each of these variables can be considered a key lever in the design of a sustainable 

logistics system. 

Stank and Golds (2000) claim that in the logistics and transportation sector, business 

decisions are made at three levels: strategic, tactical, and operational. Strategic decisions 

are typically reviewed every three to five years, tactical decisions are made within 

approximately six months to two years, while operational decisions are made on a daily or 

weekly basis. Each of these decision levels presents opportunities to reduce the 

environmental impacts of logistics by adjusting one or more of the five green logistics 

variables. 

Blanco and Sheffi (2024) examine modelling approaches such as network design and vehicle 

routing. These approaches are used in logistics decision-making and can be applied across 

all levels - strategic, tactical, and operational. 
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2.12.1  Network design 

Network design has a direct influence on distance reduction and modal shift. It includes 

decisions related to the location of warehouses, the location of manufacturing facilities, as 

well as the flow of products through the network between suppliers and customers. 

Emissions can be calculated based on transport modes and travel distances, enabling 

companies to evaluate trade-offs between costs and CO₂ emissions by incorporating 

environmental costs and emission factors into their network models (Blanco and Sheffi, 

2024). 

In this regard, McKinnon (2008) states that carbon intensity varies across transport modes, 

with road and air freight generally producing higher emissions than rail and water-based 

transport. Shifting freight to lower-carbon modes can significantly reduce emissions; 

however, the extent of these savings depends on factors such as energy efficiency, fuel 

type, vehicle utilization, and emissions from intermodal operations. 

 

2.12.2  Vehicle routing 

According to Blanco and Sheffi (2024), vehicle routing and scheduling are crucial factors 

in freight transport emissions. While traditional routing models focus on minimising cost 

or distance, pollution-routing models incorporate environmental factors such as speed, 

load, and vehicle technology. By optimising these variables, fuel consumption and CO₂ 

emissions can be significantly reduced. 

Subsequently, road freight fuel efficiency can be improved through better technology, 

maintenance, and driver behaviour. Additionally, the carbon intensity of freight transport 

depends heavily on the type of energy source used (McKinnon, 2008). Therefore, biofuels, 

especially biodiesel, have been promoted as a decarbonisation strategy. Concawe et al. 

(2006) report a well-to-wheel reduction in greenhouse gas emissions of around 53% when 

standard low-sulphur diesel is replaced with biodiesel. 
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3  Methodology 

Research methodology explains how the research is conducted to generate new insight. 

This section discusses the study design and the research methods used to accomplish the 

aim of this thesis. 

According to Zainal (2007), through the case study method, the data could be investigated 

closely within a particular context. other term, the researcher explores and investigates the 

deep contextual analysis of a small number of events or conditions and their relationships 

to study contemporary real-life phenomena. Additionally, when the boundaries between 

the phenomenon and its context are not easy to distinguish, by focusing on a small number 

of cases or a single case, a better comprehensive view of the subject can be provided. 

According to the research aim and the issue in question, researchers can conduct either 

single-case or multiple-case design. However, the single-case design is adopted where 

there are no other cases for replication.There are advantages of the case study method, such 

as implementing both quantitative and qualitative approaches, which enable the researcher 

to analyse broadly.  Furthermore, case studies not only provide detailed qualitative 

information which helps to explore real-life situations but also explain the complexities of 

these situations, which may not be able to be captured through experiments or surveys. 

And the last and most significant is that in case studies, the examination of the data is 

mostly conducted within the context of its use. (Zainal, 2007) 

Yin (1984) stated three categories of case studies: exploratory, descriptive and explanatory 

case studies, respectively. The exploratory case studies are conducted to investigate any 

phenomenon through questions that raise the interest of the researcher to guide and refine 

research efforts in a way to erase ambiguous situations or discover ideas that may be a 

potential opportunity for business. The descriptive case studies describe the characteristics 

of people, objectives and people inside the organisation by presenting a clear scenario of a 

given situation or a theoretical framework and who, what, when, where, and how 

questions. The aim of this type of research is to examine a certain scope of the case study. 

The third category, explanatory category case studies, analyse data to discover certain 

phenomena within the provided data. Moreover, the explanatory category also aligns with 

casual studies whose aim is identifying cause-effect relationships. (Yin, 1984) 
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Given that this master's thesis is about RRT railroad terminal and its operations, a single-

case study design has been chosen to conduct this research. Furthermore, this thesis 

implements a multi-faceted methodological approach to assess and improve the carbon 

footprint of the RRT Terminal in Kouvola and its related operations. The methodology is 

structured around three components: 

1. The primary methodology considered a descriptive single-case study focused on 

calculating the carbon footprint of the RRT terminal based on the literature review 

framework under which the case company operation and environmental 

performance are examined by the GHG Protocol and emissions are categorised into 

Scope 1, 2, and 3. This approach provides an in-depth analysis of the terminal’s 

current environmental impact and opportunities for future improvement by both 

empirical and theoretical emphasis.  

 

2. In addition to the primary case study, the thesis includes a benchmarking analysis 

with an exploratory element, comparing the approaches to CO₂ emissions reduction 

at 10 different terminals worldwide. This comparative analysis is conducted to 

explore opportunities and explore innovative practices such as renewable energy 

integration that can enhance the sustainability of RRT. 

In this part, explanatory research is conducted as a comparative scenario analysis to quantify 

the benefits of using the RRT Terminal in terms of cost savings and CO₂ reductions. The 

analysis explores the potential of alternative fuel technologies in transportation between 

Vantaa and Oulu by comparing direct truck routes with multimodal routes involving the 

RRT Terminal. Different truck fuel options, including diesel, biodiesel, electric, and 

hydrogen, are analyzed in terms of cost and CO₂ emissions, highlighting the advantages of 

RRT utilization and the role of alternative fuel choices. 

3.1  Case study 

According to the City of Kouvola (2024), RRT stands for “Rail and Road Terminal.” 

Kouvola RRT is an intermodal terminal located in the Tehola logistics area of Kouvola, 

which significantly improves the efficiency of freight train handling. Furthermore, the 

terminal is capable of handling trains exceeding one kilometre in length. Due to its 
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strategic location at the intersection of major road and railway networks, modal shifts 

between transport modes can be performed efficiently. 

A key distinguishing feature of Kouvola RRT is that it is the only rail and road terminal in 

Finland that is part of the Trans-European Transport Network (TEN-T). TEN-T is an 

initiative of the European Commission (2024) aimed at developing a cohesive, efficient, 

and multimodal transport infrastructure across Europe. The network connects metropolitan 

areas, inland and maritime ports, airports, and terminals through road, rail, inland 

waterways, and short-sea shipping routes. Its main objectives include improving 

connectivity across Europe, fostering trade and economic growth, and promoting 

sustainability by encouraging greener transport modes that reduce greenhouse gas (GHG) 

emissions. 

 

 

Figure 8. Rail and Road Terminal Kouvola RRT (City of Kouvola, 2024) 

It should be noted that Railgate Finland Oy acts as the management company for Kouvola 

RRT and is a subsidiary of Kouvola Innovation Oy. Kouvola Innovation Oy, also known as 

Kinno, is a non-profit development company owned by the City of Kouvola, with the aim 

of enhancing regional vitality (Kouvola Innovation, 2023). 
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3.2  Benchmarking and other logistics terminals 

The RRT carbon footprint assessment was conducted using the calculation methods in 

guidance documents such as GLEC and GHG Protocol. These calculations were embedded 

in Excel to calculate the carbon footprint of RRT. 

Since it was the first time that a carbon footprint assessment has been conducted for the 

RRT terminal and, as discussed in chapter 2, Wild (2021) identified that a global and 

unified method for emissions reporting in the logistics sector is not yet available, and 

McKinnon (2018) noted that this situation with non-comparable solutions has brought 

uncertainty for logistics managers. Furthermore, Rydén and Sandegård (2020) observed 

that organisations are frequently unable to create comprehensive corporate carbon 

footprints due to the lack of information systems for coherent data collection. To 

empirically verify these claims and to validate the methodology selected for the RRT 

carbon footprint assessment, a benchmarking analysis of ten logistics terminals and hubs 

was conducted through desktop research. The companies were selected to represent a range 

of operational scales, geographic regions, and organisational types within the intermodal 

logistics sector. The results are presented in Table 4 and Appendix 1. 

 

Table 4. Scope 1, 2, and 3 emissions sources by category and detail from analysed 

companies per sustainability report and other carbon methodology reports on company 

website (Hupac Group, 2023; Hupac Group, 2020; EcoTransIT World Initiative, 2024; DP 

World, 2023a; DP World, 2023b; DP World, 2023c; Sustainability Magazine, 2024; MSC 

Mediterranean Shipping Company, 2023; Argus Media, 2023; Clean Cargo Working 

Group, 2024; Prologis, Inc., 2024a; Prologis, Inc., 2024b; EuroTerminal Emmen-

Coevorden-Hardenberg B.V., 2024; Hamburger Hafen und Logistik AG, 2024; HHLA, 

2024a; HHLA, 2024b; Krul, 2015; Nijhof-Wassink, 2024; COSCO Shipping Ports 

Limited, 2024; Splash247, 2022; DHL Group, 2024a; DHL Group, 2024b; DHL Group, 

2023; VR Group, 2024; Finder.fi, 2024; OpenCO2.net, 2024). 
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# Region Country Company Type 
Revenue 

(M€) 
Staff Hubs Methodology Scope 1 Scope 2 Scope 3 Offset 

1 Europe Switzerland Hupac Private 667 700 12 EcoTransIT 1.3 2.1 
3.3, 3.4, 3.6, 3.8, 

3.9, 3.10 
N/A 

2 Global UAE DP World Private 18,250 108,000 60 Pledge.io 1.1, 1.2, 1.3 2.1, 2.3 
3.1, 3.2, 3.3, 3.4, 

3.5, 3.6, 3.7, 3.8, 

3.9, 3.10 
Yes 

3 Europe Portugal 
Medway (MSC 

Group) 
Private N/A 400 7 

Manual Calculation 

(Multiple Vendors) 
1.1, 1.3 2.1, 2.3 

3.1, 3.3, 3.4, 3.5, 

3.6, 3.8, 3.9 
N/A 

4 Global USA Prologis Public 7,250 2,574 3,319 Private Information 1.1, 1.2 2.1, 2.2 
3.1, 3.2, 3.3, 3.4, 

3.5, 3.6, 3.8, 3.9 
Yes 

5 Europe Netherlands EuroTerminal Private N/A N/A 1 N/A -  2.1 -  N/A 

6 Europe Germany 
Hamburger 

Hafen und 

Logistik 
Public 1,446 987 10 

TÜV Nord - DIN ISO 

14064-3:2000 / EU 

Taxonomy 
1.1, 1.2, 1.3 2.1, 2.2 3.1, 3.3, 3.5 Yes 

7 Europe Netherlands 
Combi Terminal 

Twente 
Private 5 29 3 N/A - - - N/A 

8 Global Hong Kong 
COSCO Shipping 

Ports 
Public 689 17,000 37 Private Information 1.1, 1.3 2.1, 2.3 

3.1, 3.3, 3.4, 3.6, 

3.8, 3.9, 3.10 
Yes 

9 Global Germany 
DHL Global 

Forwarding 

(DHL Group) 
Public 19,305 47,000 200 

Aligned with ISO 14083 

and the GLEC 

Framework 
1.1, 1.2, 1.3 2.1, 2.2 

3.1, 3.2, 3.3, 3.4, 

3.5, 3.6, 3.7, 3.8, 

3.9, 3.10 
Yes 

10 Europe Finland 
Searail Oy (VR-

Group Oy) 
Private 2 17 1 GHG Protocol - Private 1.3 2.1, 2.3 

3.1, 3.3, 3.4, 3.6, 

3.8, 3.9 
N/A 

Scopes: Green cells = reported scope categories. Scope 1: 1.1 Stationary, 1.2 Processing, 

1.3 Mobility, 1.4 Fugitive. Scope 2: 2.1 Electricity, 2.2 Steam, 2.3 Heating, 2.4 Cooling. 

Scope 3: 3.1–3.15 per GHG Protocol categories. 

 

The benchmarking revealed three key findings. Firstly, there is no unified industry 

standard for carbon footprint reporting among logistics terminals - companies use many 

different tools from commercial platforms (EcoTransIT, Pledge.io) to proprietary 

calculation systems, and several do not disclose their methodology at all. This is 

confirming the standardization gap identified earlier (Wild, 2021; McKinnon, 2018). Still, 

despite the wide variety of methods used by different terminal operators, certain 

similarities are found. All terminals report Scope 1 mobile combustion and Scope 2 
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electricity, while Scope 3 coverage varies based on company size and data maturity. The 

methodology adopted for the RRT (GHG Protocol, ISO 14083, GLEC Framework v3) 

aligns with the strictest approach identified in the benchmark, matching DHL Global 

Forwarding's framework. The scope categories selected for the RRT (2.1, 3.7) reflect those 

most commonly reported result by other single-terminal operations. 

 

3.3  RRT terminal and inventory data for carbon footprint assessment 

This chapter discusses the inventory data for assessing RRT carbon footprint. Activity data 

that was collected through the questionnaire that was sent to the RRT manager for each 

scope is described. The questionnaire can be reached in Appendix 2. 

The most significant GHG emission sources were identified and considered in Table 5. 

Table 5. GHG emission sources identified for RRT terminal  

Scope 1 - 

Scope 2 Purchased electricity combustion  

Scope 3 3.7 Employee commuting  

 

3.3.1  Scope 1 inventory data 

As mentioned in chapter 2, Scope 1 inventory data includes direct emissions from fuel 

combustion in company-owned or operated vehicles. In the case of the RRT terminal, which 

operates under a landlord-model, no direct operational activities involving fuel combustion 

are undertaken by RRT itself. All such activities are performed by tenants or third-party 

operators. Consequently, the RRT terminal does not have any direct emission sources, and 

its Scope 1 emissions are therefore considered to be zero. 
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3.3.2  Scope 2 inventory data 

Scope 2 inventory data represents indirect emissions arising from the consumption of 

purchased energy, including electricity, heating, cooling, and steam. According to the 

questionnaire results, electricity consumption is the only applicable energy source for the 

RRT terminal. The required activity data was collected from electricity bills and used as 

the basis for estimating Scope 2 emissions. 

There are two methods that can be calculated from Scope 2 activities that are summarized 

in Table 6. 

 

Table 6. Methods for estimating emissions from energy consumption in accordance with 

the Technical Guidance for Calculating Scope 3 Emissions (World Resources Institute, 

2015) 

Location -based The calculation is based on average 

emission factors from the electricity grid of 

the specific geographic location 

Market-based Specific contractual instruments have been 

used for emission factors in calculation of 

emission. In this approach, emission 

factors are determined using supplier-

specific data (e.g., certified 100% 

renewable electricity), rather than relying 

on the average emission factors of the local 

electricity grid. 

   

Calculation used to calculate CO2 emissions for energy consumption is as follows: 

C𝑂2𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = ∑ (𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 (𝑘𝑊ℎ) 𝑥 𝑒𝑛𝑒𝑟𝑔𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐸𝐹 (𝑘𝑔𝐶𝑂2𝑒 )) 

Emission factors used for this calculation were obtained from the electricity provider KSS 

Energia Oy. 
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3.3.3  Scope 3 inventory data 

The categories chosen for Scope 3 emissions of RRT were selected based on availability of 

data and an acceptable quality level for assessment. As mentioned above, Scope 3 categories 

that are recognised for RRT are 3.7 (Employee commuting).  

Category 3.7 employee commuting calculates emissions from employee commuting 

between their homes and the workplace, including transport modes such as private 

vehicles, public transportation, and zero-emission options like walking and cycling (World 

Resources Institute, 2013). There are three methods that can be calculated from employee 

commuting that are summarised in Table 7. 

Table 7. Emissions from employee commuting are calculated in accordance with the 

Technical Guidance for Calculating Scope 3 Emissions  (World Resources Institute 2013). 

Fuel-based method Calculation using fuel consumption and 

emission factor specific to the type of the 

fuel used 

Distance-based method Emissions are calculated based on the 

commuting distance, the mode of 

transportation used, and the corresponding 

emission factors for each transport mode. 

Average-data method Emissions are calculated using average 

commuting data 

 

Based on the data that was available to be collected, the chosen method for this calculation 

was the average-data method. 

Using guidance from the Technical Guidance for Calculating Scope 3 Emissions, the 

calculation used to calculate CO₂e emissions for the average-data method of employee 

commuting is as follows : 
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𝑬𝐜𝐨𝐦𝐦𝐮𝐭𝐢𝐧𝐠= 𝑫𝐝𝐚𝐲× 𝑵𝐝𝐚𝐲𝐬×𝑵𝐞𝐦𝐩𝐥𝐨𝐲𝐞𝐞𝐬 × 𝑬𝑭𝐦𝐨𝐝𝐞 

 

Where: 

 

𝑬𝐜𝐨𝐦𝐦𝐮𝐭𝐢𝐧𝐠= Total annual emissions from employee commuting [𝒌𝒈𝑪𝑶𝟐𝒆/𝒚𝒆𝒂𝒓] 

𝑫𝐝𝐚𝐲= Average commuting distance per employee per day [𝒌𝒎/𝒅𝒂𝒚] 

𝑵𝐝𝐚𝐲𝐬= Number of working days per year [𝒅𝒂𝒚𝒔/𝒚𝒆𝒂𝒓] 

𝑵𝐞𝐦𝐩𝐥𝐨𝐲𝐞𝐞𝐬= Number of employees commuting  

𝑬𝑭𝐦𝐨𝐝𝐞= Emission factor per passenger-kilometer for the selected transport mode 

[𝒌𝒈𝑪𝑶𝟐𝒆/(𝒑𝒆𝒓𝒔𝒐𝒏 ⋅ 𝒌𝒎)] 

 

3.4  Application and impact of RRT into green logistics: network design, modal 

shift and comparing vehicle efficiency 

This section examines the role of the Rail–Road Terminal (RRT) in supporting green 

logistics strategies through network design, modal shift, and vehicle efficiency 

improvements through alternative fuel scenarios for road transport. The analysis is based on 

the scenario modelling approach using the Vantaa-Oulu transport corridor, supported by 

quantitative calculation embedded in Excel, Appendix 3. 

3.4.1  Network design and modal shift strategy 

As mentioned in chapter 2, network design plays an important role in reducing the 

environmental impact of logistics operations by considering transport distance, model 

selection and flow structure. In this study, network design is applied as a strategic decision-

making tool to evaluate how the contribution of the Kouvola RRT terminal can improve both 

environmental and economic performance. 
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The baseline scenario represented a direct road transport route between Vantaa and Oulu 

using conventional trucking. In contrast, the alternative scenario introduces an intermodal 

transport solution, where freight is transported: 

 a)  By truck from Vantaa to Kouvola RRT 

 b)  Transferred to rail for the main transport leg 

 c)  And then delivered by truck from the rail terminal to Oulu 

3.4.2  Fuel efficiency 

In addition to network design, the study evaluates the impact of different vehicle 

technologies and fuel types on emissions and cost performance. 

The Excel model includes multiple fuel and vehicle scenarios for road transport, such as: 

• conventional diesel trucks  

• biodiesel alternatives  

• electric trucks  

• hydrogen-based vehicles  

Each fuel type is associated with different: 

• emission factors (well-to-wheel or tank-to-wheel)  

• energy efficiency levels  

• operational costs  

By comparing these alternatives, the analysis captures the effect of equipment and energy 

source, which are key variables in green logistics. 

The results demonstrate how: 

• low-carbon fuels can significantly reduce emissions  

• however, their cost performance varies depending on technology maturity and 

infrastructure 
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3.4.3  GHG calculation 

The calculation has done by guideline of the GLEC framework. Each scenario evaluated 

using activity-based emissions that implemented in Excel. The model incorporates: 

• transport distance (km)  

• vehicle type and load assumptions  

• fuel type and energy consumption  

• emission factors (kgCO₂e per unit of activity)  

• cost parameters (fuel cost, transport cost per km) 

 

 

The emissions for each scenario were calculated using the general formula: 

𝑪𝑶𝟐𝒆 = 𝑨𝒄𝒕𝒊𝒗𝒊𝒕𝒚 𝑫𝒂𝒕𝒂 × 𝑬𝒎𝒊𝒔𝒔𝒊𝒐𝒏 𝑭𝒂𝒄𝒕𝒐𝒓 

Where: 

▪ Activity data includes distance travelled, fuel consumption, or energy 

use  

▪ Emission factors are selected based on fuel type and transport mode 

 

The results allow for a direct comparison between scenarios in terms of: 

 

▪ total CO₂ emissions  

▪ emissions per transport unit  

▪ cost efficiency 
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4  Empirical analysis 

This chapter presents the results obtained from calculations developed in accordance with 

the methodology described in Chapter 3. It is of significance to note that many different 

companies and stakeholders use different methodologies to calculate CO₂ emissions and 

their effects on the business. However, a key differentiator in the industry is also the 

transparency of these methodologies, as they bring trust and reliability even when different 

approaches might be used in different scenarios. This chapter shows the competitive 

advantage of RRT and its methodologies compared to other similar companies, and the 

tangible economical and environmental benefits that were found in the quantitative results. 

 

4.1  Case study 

The case study´s objective was to analyse two different routes from Vantaa to Oulu in the 

context of freight transportation. This study adopts a deductive, quantitative research 

approach using a single case study strategy. Established emission calculation frameworks 

are applied to the Kouvola RRT terminal, and a scenario-based model is used to evaluate 

intermodal transport alternatives. 

The baseline freight unit used across all scenarios is one 20-foot container (1 TEU) with a 

cargo weight of 11 tonnes. The direct road route between Hakkila (Vantaa) and Kempele 

(Oulu) covers 579 km with an estimated driving time of 6.5 hours. The intermodal alternative 

routes the freight from Hakkila to Kouvola RRT by truck (133 km), transfers it to rail for the 

main haul to Oulu (628 km), and completes the last-mile delivery by truck from Oulu to 

Kempele (16 km). The scenarios for analysis were split into the following groups and 

modelled in Excel with data obtained from public sources, interviews, and data provided by 

Kouvola RRT. 

 

Analysis 1: RRT Hub Scopes (Inventory Data). To obtain proper variables, Kouvola RRT 

was analysed for emission scopes to gain a proper understanding of the hub’s CO₂ emission 
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and cost structures while benchmarking against other notable hubs across the world. This 

was useful to also compare the reliability of RRT’s current calculation methodologies to its 

competitors – primarily in markets with the same legislation, but secondarily in international 

markets, as logistics is a heavily international economic activity. 

 

Analysis 2: Transportation Route Analysis on Route Hakkila–Oulu. Comparing fuels and 

routes for emissions and costs across five scenarios: 

• Direct truck transportation with diesel 

• RRT-enabled truck / rail transport with diesel, 

• RRT-enabled truck / rail transport with HVO diesel 

• RRT-enabled truck / rail transport with electricity, 

• RRT-enabled truck / rail transport with hydrogen. 

4.2  Benchmarking and other logistics terminals 

To validate the methodology selected for the RRT carbon footprint assessment and to 

position Kouvola RRT within the broader industry landscape, a benchmarking analysis of 

ten logistics terminals and hubs was done utilizing desktop research. The companies were 

selected to represent different operational sizes, geographic regions, and organisational types 

within the intermodal logistics sector. Table 8 presents the structure used to compare the 

benchmarked companies against the RRT terminal. 
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Table 8. Benchmarking classification of analysed logistics terminals and hubs. 

# Company Country Type 
Revenue 

(M€) 
Staff Hubs Offset Methodology 

1 Hupac Switzerland Private 667 700 12 N/A EcoTransIT 

2 DP World UAE Private 18 250 
108 

000 
60 Yes Pledge.io 

3 
Medway 

(MSC) 
Portugal Private N/A 400 7 N/A Manual Calc. 

4 Prologis USA Public 7 250 2 574 3 319 Yes Private 

5 EuroTerminal Netherlands Private N/A N/A 1 N/A N/A 

6 HHLA Germany Public 1 446 987 10 Yes 
TÜV Nord / 

ISO 14064 

7 

Combi 

Terminal 

Twente 

Netherlands Private 5 29 3 N/A N/A 

8 

COSCO 

Shipping 

Ports 

Hong Kong Public 689 17 000 37 Yes Private 

9 
DHL Global 

Forwarding 
Germany Public 19 305 47 000 200 Yes 

ISO 14083 / 

GLEC 

10 
Searail Oy 

(VR) 
Finland Private 2 17 1 N/A GHG Protocol 

 

When the ten terminals were mapped against each other, it became apparent that carbon 

reporting in this industry lacks any form of standardisation. RRT chose to build its 

assessment on the GHG Protocol, ISO 14083 and GLEC Framework v3 – a combination 

that, after comparing all ten companies, turned out to be on par with DHL Global 

Forwarding's approach, which was the most comprehensive one identified. Scope 1 and 

Scope 2 categories such as mobile combustion and purchased electricity were present across 
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all analysed companies; however, Scope 3 reporting showed significant variation and was 

largely dependent on the organisations' data collection capabilities. The differences in 

geography, ownership structures and business models among the benchmarked terminals 

further explain why reporting practices differ to such an extent – privately held operators 

with smaller-scale operations frequently lack the necessary resources or incentive to disclose 

their emission calculation methods, while publicly listed companies generally adopt certified 

third-party frameworks. 

Following the identification of these qualities from the benchmarking, the emission scopes 

applicable to the RRT terminal were broken down on a quantitative level. Table 9 presents 

the GHG emission sources identified for the RRT terminal and indicates which scopes were 

applicable. 

Table 9. GHG emission sources identified for Kouvola RRT terminal. 

Scope Description Status Amount (kgCO₂e) 

1.3 Mobility Varies - 

2.1 Purchased Electricity Applicable 97 079.89 

3.7 Employee Commuting Applicable 129.84 

 TOTAL  97 209.73 

 

 

As  can be seen, only Scope 2.1 (purchased electricity) and Scope 3.7 (employee commuting) 

were confirmed as applicable emission sources for the RRT terminal. Scope 1 (mobility) 

was marked with “Varies” because while the RRT terminal operates under a landlord model 

and does not directly operate mobile combustion equipment, the reach stackers used by 

tenants at the terminal could potentially fall under Scope 1 if a different organisational 

boundary were applied and RRT owned, operated or fuelled the machinery.  

Once those scopes were identified, the total GHG emissions and GHG emission intensity 

based on RRT-provided data could be calculated. The emission intensity was calculated in 
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accordance with the GHG Protocol Corporate Standard (World Resources Institute, 2004) 

and the GLEC Framework v3 (Smart Freight Centre, 2023) as follows: 

𝑬𝑰 =  
𝑬𝒕𝒐𝒕𝒂𝒍

𝑻
 

Where EI is the GHG emission intensity (kgCO₂e/tonne), Etotal is the total GHG emissions 

(kgCO₂e), and T is the selected hub throughput (tonnes). Applied to the RRT terminal: 

𝑬𝑰 =  
𝟗𝟕 𝟑𝟒𝟔, 𝟖𝟓 𝒌𝒈𝑪𝑶𝟐𝒆

𝟏𝟏 𝒕
 =  𝟖 𝟖𝟒𝟗, 𝟕𝟏 𝒌𝒈𝑪𝑶𝟐𝒆/𝒕 

This metric normalises the result against throughput, making it possible to track efficiency 

improvements over time and benchmark the RRT terminal against other logistics hubs. 

 

4.3  RRT terminal and inventory data for carbon footprint  

This section presents the carbon footprint calculation outputs generated from the Excel-

based emission calculator for each emission scope identified in Chapter 3. The activity data 

was collected through a questionnaire sent to the RRT terminal manager, and the most 

significant GHG emission sources were identified and calculated as presented below. 

4.3.1  Scope 1 inventory data 

Scope 1 covers direct emissions from fuel combustion in company-owned or operated 

vehicles and equipment. In the case of the RRT terminal, which operates under a landlord 

model, no direct operational activities involving fuel combustion are undertaken by the 

terminal operator. All such activities, including the operation of reach stackers and other 

mobile machinery, are performed by tenants or third-party operators. Consequently, the RRT 

terminal’s own Scope 1 emissions are considered to be zero. 

Scope 1 (Mobility) was marked with a “Varies” term earlier in the emission inventory 

because the reach stackers operating at the terminal could be attributed to the RRT in certain 

scenarios, but in this case they are not. The Excel model includes a reference calculation for 
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this scenario: as an example, a diesel-powered Kalmar reach stacker consuming 20 litres per 

hour over 2 hours of operation, multiplied by the GHG Protocol emission factor of 3.4279 

kgCO₂e per litre, yields 137.12 kgCO₂e. This value was calculated but not included in the 

RRT’s reported total, as the operational control boundary places this emission under the 

tenant’s reporting scope. This structure is advantageous for RRT and allows RRT rather to 

help their customers to fill in reports on ready-made templates but not be responsible for the 

reporting itself.  

4.3.2  Scope 2 inventory data 

Scope 2 represents indirect emissions arising from the consumption of purchased electricity. 

According to the questionnaire results, electricity consumption is the only applicable energy 

source for the RRT terminal. The required activity data was collected from electricity bills 

provided by KSS Energia Oy, the terminal’s electricity provider. The market-based method 

was selected as the calculation approach, as it reflects the specific contractual instruments 

and supplier-specific emission factors rather than the average grid mix. 

The calculation follows the formula specified in the Technical Guidance for Calculating 

Scope 2 Emissions (World Resources Institute, 2015): 

 

𝑪𝑶𝟐𝒆 =  𝑬𝒏𝒆𝒓𝒈𝒚 𝒄𝒐𝒏𝒔𝒖𝒎𝒆𝒅 (𝒌𝑾𝒉) ×  𝑬𝑭 (𝒈𝑪𝑶𝟐𝒆/𝒌𝑾𝒉) 

 

Where the energy consumed is 252,077 kWh per year (based on electricity bills), and the 

emission factor is 385.12 gCO₂e/kWh (market-based, from KSS Energia Oy). Applying 

these values: 

 

𝑪𝑶𝟐𝒆 =  𝟐𝟓𝟐 𝟎𝟕𝟕 𝒌𝑾𝒉 ×  𝟑𝟖𝟓. 𝟏𝟐 𝒈/𝒌𝑾𝒉 =  𝟗𝟕 𝟎𝟕𝟗. 𝟖𝟗 𝒌𝒈𝑪𝑶𝟐𝒆 
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Scope 2 electricity consumption represents the dominant emission source for the RRT 

terminal, accounting for most of the total reported emissions (over 99%). This is consistent 

with the benchmarking findings, where all analysed terminals reported Scope 2 electricity 

as a primary emission category. 

Table 10. Scope 2 emission calculation summary for Kouvola RRT. 

Parameter Value Unit Source 

Energy Type Electricity - Questionnaire 

Annual Consumption 252 077 kWh KSS Energia Oy invoices 

Emission Factor 385.12 gCO₂e/kWh KSS Energia Oy (market-based) 

Method Market-based - GHG Protocol Scope 2 Guidance 

Total Emissions 97 079.89 kgCO₂e Calculated 

 

4.3.3  Scope 3 inventory data 

Scope 3 emissions for the RRT terminal were limited to Category 3.7: Employee 

Commuting. This category was selected based on data availability and an acceptable quality 

level for assessment. The average-data method was applied, using the formula specified in 

the Technical Guidance for Calculating Scope 3 Emissions (World Resources Institute, 

2013): 

𝑬𝒄𝒐𝒎𝒎𝒖𝒕𝒊𝒏𝒈  =  𝑫𝒅𝒂𝒚  ×  𝑵𝒅𝒂𝒚𝒔  ×  𝑵𝒆𝒎𝒑𝒍𝒐𝒚𝒆𝒆𝒔  ×  𝑬𝑭𝒎𝒐𝒅𝒆 

 

Where D day is the average commuting distance per employee per day (5 km), N days is the 

number of working days per year (240), N employees is the number of commuting 

employees (1), and EF mode is the emission factor for passenger cars (0.1082 kgCO₂e per 

person-kilometre, sourced from the European Environment Agency). Applying these values: 
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𝑬𝒄𝒐𝒎𝒎𝒖𝒕𝒊𝒏𝒈  =  𝟓 ×  𝟐𝟒𝟎 ×  𝟏 ×  𝟎. 𝟏𝟎𝟖𝟐 =  𝟏𝟐𝟗. 𝟖𝟒 𝒌𝒈𝑪𝑶𝟐𝒆/𝒚𝒆𝒂𝒓 

 

Employee commuting accounts for less than 1% of the total reported emissions, which is 

consistent with the terminal’s minimal staffing structure of one employee. This marginal 

contribution reinforces the finding that purchased electricity is the overwhelming driver of 

the RRT’s carbon footprint. 

Table 11. Scope 3.7 employee commuting calculation summary. 

Parameter Value Unit Source 

Vehicle Type Passenger Car - Questionnaire 

Daily Distance 5 km Questionnaire 

Working Days / Year 240 days Standard Finnish working year 

Number of Employees 1 - Questionnaire 

Emission Factor 0.1082 kgCO₂e/pkm European Environment Agency 

Total Emissions 129.84 kgCO₂e/year Calculated 

 

 

4.4  Application and impact of RRT into green logistics: network design, modal 

shift and comparing vehicle efficiency 

This section presents the scenario modelling results from the Excel model for the Vantaa–

Oulu transport corridor, comparing direct road transport against intermodal alternatives via 

Kouvola RRT. The analysis examines network design and modal shift, fuel efficiency across 

vehicle technologies, and total GHG emissions and costs for each scenario. 
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4.4.1  Network design and modal shift strategy 

The model evaluates five transport scenarios along the Hakkila–Kempele corridor. Each 

scenario differs in route structure, vehicle technology, and fuel type. Table 12 summarises 

the configuration of each scenario. 

 

Table 12. Scenario configuration for the Hakkila–Kempele transport corridor. 

Stage 
Option 1 

Direct Diesel 

Option 2 

Combined 

Diesel 

Option 3 

Combined 

HVO 

Option 4 

Combined 

Electric 

Option 5 

Combined H₂ 

Pickup Diesel Truck Diesel Truck HVO Truck Electric Truck H₂ Truck 

Terminal 

Handling 
N/A 

Diesel Reach 

Stacker 

HVO Reach 

Stacker 

Electric Reach 

Stacker 

H₂ Reach 

Stacker 

Main Haul 
Diesel Truck 

(579 km) 

Electric Train 

(628 km) 

Electric Train 

(628 km) 

Electric Train 

(628 km) 

Electric Train 

(628 km) 

Terminal 

Handling 
N/A 

Diesel Reach 

Stacker 

HVO Reach 

Stacker 

Electric Reach 

Stacker 

H₂ Reach 

Stacker 

Delivery Diesel Truck Diesel Truck HVO Truck Electric Truck H₂ Truck 

 

The first scenario represents a full road transport route where diesel trucks cover the entire 

579 km distance. In the other four scenarios the freight is routed through Kouvola RRT, 

meaning the longest part of the journey is handled by electric rail for 628 km, and trucks 

are only used for the shorter legs – 133 km from Hakkila to the terminal and 16 km from 

Oulu to the final destination in Kempele. What distinguishes options 2 through 5 from each 

other is the fuel type and vehicle technology that is applied to the road transport and 

terminal handling parts. As per the GLEC Framework v3, each scenario was divided into 

TOCs and HOCs to maintain a consistent assessment structure. 
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The input variables for the model were gathered from several sources. Equipment 

specifications came from Kalmar and Volvo datasheets; cost-related benchmarks were 

taken from EU reference documents such as the Comparative Evaluation of Transhipment 

Technologies, and additional data was obtained from RRT internal research material as 

well as interviews conducted with the terminal manager. All key variables used in the 

model can be found in Table 13. 

Table 13. Key input variables used in the scenario-based emission and cost model. 

Variable Value Unit Source 

Cargo Weight (1 TEU) 11 tonnes Internal analysis document RRT 

Employee Cost (total hourly) 35.00 €/h Internal analysis document RRT 

Average Truck Speed 71 km/h Internal analysis document RRT 

Diesel Truck Operational Cost 8.28 €/h Internal analysis document RRT 

Diesel Truck Fuel Consumption 0.40 l/km Internal analysis document RRT 

Diesel Fuel Price 1.12 €/l Internal analysis document RRT 

Diesel Reach Stacker Oper. Cost 51.12 €/h Internal analysis document RRT 

Diesel Reach Stacker Fuel Cons. 20 l/h Internal analysis document RRT 

HVO Diesel Price (Neste My) 1.30 €/l Internal analysis document RRT 

Electric Truck Oper. Cost 13.96 €/h Internal analysis document RRT 

Electric Truck Consumption 1.10 kWh/km Internal analysis document RRT 

Electricity Price 0.125 €/kWh Internal analysis document RRT 

Electric Reach Stacker Oper. Cost 86.19 €/h Internal analysis document RRT 

Electric Reach Stacker Cons. 68 kWh/h Internal analysis document RRT 

Hydrogen Truck Oper. Cost 18.15 €/h Internal analysis document RRT 
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Hydrogen Truck Consumption 0.06 kg/km Internal analysis document RRT 

Hydrogen Price 2.00 €/kg Internal analysis document RRT 

Rail Transport Cost (main haul) 368 €/TEU Internal analysis document RRT 

 

4.4.2  Fuel efficiency 

In addition to network design, this study also evaluates how different vehicle technologies 

and fuel types affect emissions and cost performance. The Excel model calculates 

transportation costs for each scenario by summing up the cost of every operational step: 

loading, truck transport, reach stacker handling, rail transport and unloading. The cost of 

each step is derived from the following formula: 

 

𝑪𝒔𝒕𝒆𝒑  =  (𝑶𝒑𝒆𝒓𝒂𝒕𝒊𝒐𝒏𝒂𝒍 𝑪𝒐𝒔𝒕 +  𝑭𝒖𝒆𝒍 𝑪𝒐𝒔𝒕 +  𝑺𝒕𝒂𝒇𝒇 𝑪𝒐𝒔𝒕) ×  𝑻𝒊𝒎𝒆 

 

For truck transport legs, a distance-based fuel component is added: 

 

𝑪𝒕𝒓𝒖𝒄𝒌  =  (𝑶𝒑𝒆𝒓. 𝑪𝒐𝒔𝒕 +  𝑺𝒕𝒂𝒇𝒇 𝑪𝒐𝒔𝒕) ×  𝑻𝒊𝒎𝒆 +  (𝒌𝒎 ×  𝑭𝒖𝒆𝒍 €/𝒌𝒎) 

 

Table 14 presents the transportation cost results broken down by scenario. 

 

 

 

 



60 

 

 

Table 14. Transportation cost comparison by scenario (€/TEU). 

Step 

Option 1 

Direct 

Diesel 

Option 2 

Combined 

Diesel 

Option 3 

Combined 

HVO 

Option 4 

Combined 

Electric 

Option 5 

Combined 

H₂ 

Loading to Truck/Trailer 64.92 64.92 64.92 73.44 79.72 

Truck: Hakkila–Kouvola RRT - 140.17 149.56 109.45 114.92 

Reach Stacker (load) - 27.13 28.01 32.42 39.56 

Wagon transfer - 6.00 6.00 6.00 6.00 

Train: Kouvola–Oulu 540.71 368.00 368.00 368.00 368.00 

Wagon transfer - 6.00 6.00 6.00 6.00 

Reach Stacker (unload) - 27.13 28.01 32.42 39.56 

Truck: Oulu–Kempele - 15.82 16.95 11.99 12.55 

Unloading 64.92 64.92 64.92 73.44 79.72 

TOTAL 670.55 720.10 732.37 713.17 746.04 

 

The results indicate that transportation costs alone are fairly similar across all scenarios, 

going from 670.55 €/TEU in Option 1 up to 746.04 €/TEU in Option 5. Direct truck transport 

comes out as the cheapest option in terms of pure transportation cost since it does not involve 

any terminal handling fees; however as the next section shows, this cost advantage 

disappears once external costs and emission compensation are counted in. 

4.4.3  GHG calculation 

Emissions in each scenario were calculated based on the activity-based method as specified 

in the GLEC Framework v3 (Smart Freight Centre, 2023). The general formula that was 

applied across all transport and hub operation categories is: 
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𝑪𝑶𝟐𝒆 =  𝑨𝒄𝒕𝒊𝒗𝒊𝒕𝒚 𝑫𝒂𝒕𝒂 ×  𝑬𝒎𝒊𝒔𝒔𝒊𝒐𝒏 𝑭𝒂𝒄𝒕𝒐𝒓 

 

Activity data covers distance travelled in kilometres, fuel consumed in litres, kWh or 

kilograms, and time spent at hub operations in hours. The emission factors used were 

selected according to fuel type and transport mode, using well-to-wheel (WTW) values 

which account for both the combustion emissions (tank-to-wheel) and the upstream fuel 

production emissions (well-to-tank). Following the GLEC Framework structure, the model 

divides each scenario into TOCs for the transport legs and HOCs for terminal operations. 

Table 15 presents the emission results for each scenario broken down by TOC and HOC. 

 

Table 15. GHG emissions by TOC/HOC for each scenario (kgCO₂e). 

TOC / HOC 

Option 1 

Direct 

Diesel 

Option 2 

Combined 

Diesel 

Option 3 

Combined 

HVO 

Option 4 

Combined 

Electric 

Option 5 

Combined 

H₂ 

HOC Hub 1: Hakkila 16.62 16.62 16.62 16.62 16.62 

TOC Leg 1: Hakkila–Kouvola - 2 006.01 567.76 149.50 2.04 

HOC Hub 2: Kouvola RRT - 3.63 3.01 2.79 2.78 

TOC Leg 2: Kouvola–Oulu 8 732.92 48.36 48.36 48.36 48.36 

HOC Hub 3: Oulu - 3.63 3.01 2.79 2.78 

TOC Leg 3: Oulu–Kempele - 241.32 68.30 17.99 4.50 

HOC Hub 4: Kempele 16.62 16.62 16.62 16.62 16.62 

TOTAL EMISSIONS 8 766.16 2 336.19 723.69 254.68 93.69 
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Figure 9. Total GHG emissions comparison across five transport scenarios (kgCO₂e per 

TEU). 

 

By shifting from direct road transportation with diesel trucks, using Kouvola RRT as the 

intermodal transportation hub and switching from trucks to the train to cover most of the 

part of the journey, we can see already emission reductions by more than 70% even when 

diesel trucks are used and the main transportation leg is being done by electric trains. 

However, after electrical trucks or HVO-Diesel, we see there are diminishing returns when 

going towards the hydrogen option. By using RRT we already reduce emissions by more 

than 70% compared to driving directly to Oulu without intermodal shifts. 

 

Total costs for each scenario are calculated by adding transportation costs and external 

costs derived from the EU Handbook on External Costs of Transport (European 

Commission, 2019), and emission compensation costs calculated at the estimated price of 

70 EUR per tonne of CO₂e based on Emissions Trading System Phase 2 (ETS2). Table 16 

presents the complete cost comparison and is based on the following example formula 

(Option 1 Diesel). 
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𝑪𝒄𝒐𝒎𝒑𝒆𝒏𝒔𝒂𝒕𝒊𝒐𝒏  =  
𝑻𝒐𝒕𝒂𝒍 𝑬𝒎𝒊𝒔𝒔𝒊𝒐𝒏𝒔 (𝒌𝒈𝑪𝑶𝟐𝒆)

𝟏𝟎𝟎𝟎
 ×  𝑬𝑻𝑺 𝒑𝒓𝒊𝒄𝒆 (€/𝒕𝑪𝑶𝟐𝒆) 

𝑪𝒄𝒐𝒎𝒑𝒆𝒏𝒔𝒂𝒕𝒊𝒐𝒏  =  
𝟖 𝟕𝟔𝟔, 𝟏𝟔

𝟏𝟎𝟎𝟎
 ×  𝟕𝟎 =  𝟔𝟏𝟑, 𝟔𝟑 €/𝑻𝑬𝑼 

 

Table 16. Complete cost comparison by scenario (€/TEU). 

Cost Component 

Option 1 

Direct 

Diesel 

Option 2 

Combined 

Diesel 

Option 3 

Combined 

HVO 

Option 4 

Combined 

Electric 

Option 5 

Combined 

H₂ 

Transport Cost 670.55 720.10 732.37 713.17 746.04 

External Costs 286.61 115.06 82.56 90.26 90.91 

Emission Compensation 613.63 163.53 50.66 17.83 6.56 

TOTAL COST 1 570.79 998.69 865.59 821.26 843.51 

 

 

 

Figure 10. Total cost breakdown by scenario showing transport costs, external costs, and 

emission compensation (€/TEU). 
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As can be seen in the chart, direct diesel transportation at 670.55 €/TEU actually compares 

very well to the other options in terms of pure transportation cost. But once external costs 

of 286.61 €/TEU are added, it already starts to level out with the other options that utilize 

Kouvola RRT. And when emission compensation at 70 EUR per tonne of CO₂e is factored 

in, adding another 613.63 €/TEU, the direct diesel option becomes by far the most 

expensive at 1 570.79 €/TEU. At that point it makes clear economic sense to switch to 

even diesel-based intermodal transportation through Kouvola RRT, which brings the total 

cost down to 998.69 €/TEU – a reduction of more than 36% compared to direct trucking. 

However, after utilizing RRT and comparing diesel to the other fuel options, there are 

diminishing returns. Combined diesel with RRT comes to 998.69 €/TEU compared to 

electric at 821.26 €/TEU, so the savings are there, but electric still comes with 

infrastructural challenges in terms of charging networks and managing an electric fleet. 

Hydrogen at 843.51 €/TEU ends up slightly more expensive than electric due to higher 

vehicle operational costs and the technology still being in early stages – it's worth noting 

that the hydrogen cost projections used here are based on 2040+ estimates and remain 

speculative. 

If we exclude external costs for Options 3 to 5 since these future technologies may not carry 

the same external cost burden, the total costs come to 783.03 €/TEU for HVO, 731.00 €/TEU 

for electric and 752.60 €/TEU for hydrogen. Under every assumption tested in this model 

the electric intermodal option comes out as the most cost-effective scenario. 

 

5  Discussion 

In this chapter we bring together the analysis carried out in Chapter 4 and examine what they 

mean for the research questions in Chapter 1. This way it is possible to bind theoretical 

background into research values to draw conclusions of the case. 
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5.1  Carbon footprint of RRT and emission reduction opportunities 

Regarding the first research question, the carbon footprint of RRT and its reduction 

opportunities. In the inventory based assessment we got a total of 97 209.73 kgCO₂e in 

annual emissions, and it was purchased electricity under Scope 2.1 at 97 079.89 kgCO₂e. It 

corresponds to more than 99% of all the emissions. Scope 3.7 about employee commuting 

at 129.84 kgCO₂e was so negligible that it doesn't even matter in this case. The reach 

stacker reference value of 137.12 kgCO₂e for fuel combustion was documented separately 

for transparency, but we didn't calculate it or include it in any scopes in the RRT's total 

because the reporting is the responsibility of the tenant. 

The emission intensity ratio is calculated by dividing total emissions by the 11-tonne 

throughput unit used in the assessment, and it stands at 8 837.25 kgCO₂e per tonne. The 

figure appears high on its own, but it reflects the reality that the terminals' electricity 

consumption is the big already existing load of infrastructure – providing lighting and 

signalling. Because it doesn't scale based on the freight volume, the ratio will decrease a lot 

as more containers move through. It will be much cheaper in terms of CO₂e emissions per 

tonne at higher throughput volumes. The most direct reduction opportunity lies in switching 

to more renewable electricity and installing, for example, solar panels. Since the assessment 

uses the market-based method as per the GHG Protocol Scope 2 Guidance (Sotos, 2015), 

this kind of change would show in the numbers immediately. 

5.2  Structuring emissions data collection and reporting for RRT 

The second research question was about how supply chain emissions data collection and 

reporting could be structured for RRT. For that we benchmarked ten logistics terminals 

across Europe, the Middle East and Asia, and it provided a pretty clear answer to the 

question. Unfortunately there is no single accepted standard even though frameworks like 

GLEC and the GHG Protocol exist. Companies in those samples used many different 

approaches – commercial platforms such as EcoTransIT and Pledge.io, third-party certified 

systems like TÜV Nord and ISO 14064-3, and some of them didn't disclose their 

methodology at all. Which is questionable in terms of the transparency of the industry. 

This fragmentation is consistent with what Wild (2021) observed about the absence of a 
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global and unified reporting method, and McKinnon (2018) who argued that non-

comparable solutions have created uncertainty for logistics managers. 

However, for Kouvola RRT, we tried to build as rigorous and precise an approach as 

possible, combining the GHG Protocol Corporate Standard (World Resources Institute and 

World Business Council for Sustainable Development, 2004), the GLEC Framework v3 

(Smart Freight Centre, 2023) and ISO 14083. This ended up matching the most rigorous 

approach found in the benchmark, which is what DHL Global Forwarding uses. It is 

important to have this kind of methodological advantage even as a small single terminal 

operator and be on equal standing with major companies when it comes to CO₂ emissions 

reporting because, at the end of the day, these emissions are going to cost money when 

paying for the costs associated with carbon. The Excel-based calculator developed in this 

thesis now gives RRT a replicable reporting structure that can be updated annually with 

new electricity bills and commuting data, which is exactly the kind of coherent data 

collection system that Rydén and Sandegård (2020) identified as commonly missing and a 

barrier to corporate carbon footprinting. A good way of handling this is by using the 

inventory quality management system mentioned in chapter 2.6. 

As data availability for carbon footprint calculation is the first and most important part of 

the assessment process, a team has to be formed to be responsible for the management of 

the system, which includes allocating carbon footprint assessment activities of the RRT 

terminal, which include tracking, documenting, improving, gathering and reporting data, 

and also collaborating with customers of the terminal and providing a guideline for their 

data activities and reporting inventory data. Other duties could be related to consulting 

with third-party verification for carbon footprint assessment and identifying opportunities 

for improvement in all areas of the system, which not only tend to improve data quality but 

also provide the groundwork for carbon footprint reduction possibilities. (Ugalde-Huebe, 

2023) 

There is still a lot to develop in this area, as it is a constantly evolving field. It is important 

for RRT to keep up to date about which standards are coming and where the current standards 

are heading because the industry is not set in stone yet. 
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5.3  Software tools and certifications 

Focusing on standardising software and application usage across the terminal of RRT and 

customers could be used for tracking the inventory data; for instance, in scope 1 for the 

fuel consumption mobility service company, it could be used to track vehicle fleet 

activities such as Fleetio, which offers fleet management and analysis of fleet operations. 

Additionally, Fleetio can also be used for monitoring personal vehicle usage for business 

travel. Fleetio (2023). Moreover, the high-tech technology regarding GPS devices and 

telematics systems has been provided by companies 

like Fleet Complete and Web Fleet Solution, which use them to track and manage fleets, 

including fuel consumption and CO₂ emissions in real-time. Additionally, the devices 

capture vehicle diagnostics and driver behaviour, which helps to optimise operation and 

reduce fuel consumption, which ends up decreasing CO₂ emissions. (Fleetcompelte, 2024; 

Webfleet, 2024) 

Another inventory data challenge is related to business travel. To address this issue, it is 

recommended to use a travel management agency company that offers data analytics 

reports with data that is needed for carbon footprint assessment, for instance (Egencia, 

2024; FCM Travel, 2024), which offers detailed reporting on business travel and provides 

a yearly report summarising all employee travel data, including associated CO₂ emissions 

with air, rail, and other forms of travel, and both operate in Finland as well. 

Furthermore, recruitment of expert forces in digitalisation, web design, and innovation 

would open a new era for RRT Terminal to expand their capability in digitalisation of 

carbon footprint inventory data software. This software additionally could be sold as a 

service to RRT clients. Besides applications that could be useful for companies to gather 

data inventory, there are web-based tools that exist in the market that allow companies to 

track data inventory and calculate their carbon footprint. Some of these web-based carbon 

footprint assessment tools, which offer different types of labels and certifications, have 

been collected in Appendix 4. Also having a carbon net-zero certification would aid the 

company with proof of carbon footprint compliance and company branding. 

RRT could request consulting services from these web-based tools as a tool for further 

guidance or, more than that, by analysing these web-based tools, gather insights and ideas 
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for developing an internal tool owned by RRT that can also be offered as a service to other 

parties. 

5.4  Environmental and economic comparison of transport scenarios on the 

Vantaa–Oulu corridor 

The third research question concerned the comparative environmental and economic 

performance of different transportation modes between Vantaa and Oulu. Five different 

options were modelled, ranging from direct diesel trucking (Option 1 at 8 766.16 kgCO₂e) 

to intermodal options with different fuel types – diesel (Option 2 at 2 336.19 kgCO₂e), 

HVO biodiesel (Option 3 at 723.69 kgCO₂e), electric (Option 4 at 254.68 kgCO₂e) and the 

more future-looking hydrogen (Option 5 at 93.69 kgCO₂e). These findings validate what 

Blanco and Sheffi (2024) discussed about distance, mode, equipment, load and operations 

being the five variables that determine the environmental impact of logistics. The modal 

shift from road to rail addresses the first two variables at the same time, while the fuel 

scenarios deal with the equipment variable, which confirms McKinnon's (2008) argument 

that shifting freight to lower carbon modes can produce significant savings. 

Now what we can see is that switching to Kouvola RRT already provides the biggest 

impact – a 73.4% emission reduction and the most significant cost savings even with just 

diesel equipment. The cost picture is very telling here. Pure transportation costs are 

relatively flat across all options, ranging from 670.55 €/TEU to 746.04 €/TEU, but once 

external costs from the EU Handbook on External Costs of Transport (European 

Commission, 2019) and emission compensation at 70 EUR per tonne CO₂e are added, the 

picture changes completely. Option 1 becomes the most expensive at 1,570.79 €/TEU, 

while Option 2 with RRT drops to 998.69 €/TEU. And if the carbon price were to be raised 

even further, then it becomes even more questionable whether anyone would choose direct 

trucking over RRT. We don't see that trend of rising carbon costs stopping, so it is heavily 

advisable to invest in intermodal transport through RRT because it offsets a lot of the costs 

associated with CO₂ emissions, plus it provides a more streamlined way of transporting 

and a place where shipments can be stored in the meantime. 

However, after switching to RRT, there are diminishing returns when comparing the fuel 

options against each other. Between HVO diesel at 865.59 €/TEU and electric at 821.26 
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€/TEU, the savings are there but not as dramatic. Moving even further towards hydrogen at 

843.51 €/ TEU doesn't really add much benefit, and it is not that critical to focus on at this 

point. Because as per the Pareto principle, 80% of the returns here are caused by the modal 

shift itself – switching from road to rail through RRT – and the remaining fuel technology 

choices, while beneficial, represent the diminishing 20%. The emission compensation 

numbers illustrate this clearly; it adds 613.63 €/ TEU to Option 1 but only 6.56 €/TEU to 

Option 5, meaning most of the economic advantage is already captured by just using the 

intermodal route. 

5.5  Sustainability impact of integrating RRT into the green logistics chain 

The fourth research question was about the sustainability impact of integrating Kouvola 

RRT as a dry port into the overall green logistics chain. The combined evidence from both 

analyses is that at the terminal level RRTs' carbon footprint is structurally really simple 

and very developable. It can be largely fixed through a single procurement decision like 

switching to renewable electricity. At the network level the terminal enables emission 

reductions of 73% to 99% and cost savings of 36% to 48% on the Vantaa–Oulu corridor 

compared to direct road freight. These are not small improvements, they represent a 

fundamental change in how the cost-emission relationship works in freight transport. RRT 

also offers warehousing for the goods at its location and provides an easy connection to 

sustainable electric trains, which also adds safety to the transportation chain. 

Kouvola RRT is uniquely positioned as Finland's only TEN-T connected rail-road terminal 

(City of Kouvola, 2024), and it means that the benefits it provides cannot be easily replicated 

elsewhere in the country without heavily investing into infrastructure and optimising for 

carbon footprint reductions. This gives the terminal a structural competitive advantage that 

only grows stronger as carbon pricing tightens. 

There are some limitations that should be considered when interpreting these results. The 

throughput figure of 11 tonnes used in the emission intensity calculation represents a single 

TEU rather than actual annual volumes, so the intensity ratio overstates the terminals' 

emissions per unit of real throughput. The cost projections for electric and hydrogen 

scenarios are a bit uncertain because they rely on current technology specifications and 

projected fuel costs, especially hydrogen, which is based on 2040 to 2050, and the actual 
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trajectory will depend on infrastructure investment and policy support that we cannot predict 

that far ahead. The external cost values used are EU-wide averages, and they don't account 

for Finnish conditions such as lower population density, which would likely reduce the 

congestion and noise cost components. Also, the scope of the carbon footprint assessment 

was limited to categories where data was available at acceptable quality. A more 

comprehensive assessment would require dedicated data collection systems, which, as 

Rydén and Sandegård (2020) discussed, is a common challenge across the whole industry.  

 

6  Conclusion 

This thesis set out to conduct a carbon footprint assessment for the Kouvola Rail-Road 

Terminal and its associated transport chain and to evaluate its contribution to green logistics 

through an intermodal rail-road solution using the Vantaa–Oulu route as a case study. The 

assessment was carried out in accordance with the GHG Protocol, ISO 14083 and the GLEC 

Framework v3, using business records, estimates and an employee survey as data sources. 

As covered in the literature review, the transportation industry plays one of the most 

significant roles in global warming, and the whole concept of carbon footprint assessment 

in the logistics field is still underdeveloped, especially on the terminal side of things, which 

remains a very niche area. The concept of green logistics has evolved beyond just cost 

savings to include the environmental dimension, and this thesis tried to find the impact of a 

rail-road terminal in shifting freight from road to rail alongside assessing the carbon footprint 

of the terminal itself. 

One of the main challenges was that this was the first time CO₂ emissions have been 

calculated in RRT's history. Where emission factor databases were not available, global 

factors were used instead. Benchmarking with ten other logistics terminals was carried out 

through desktop research to understand how other companies measure their emissions and 

what tools they use, and this helped ensure that the approach applied is aligned with industry 

practices. Due to data limitations, the assessment only considered scope categories for which 

reliable data were available – Scope 2.1, purchased electricity at 97 079.89 kgCO₂e, and 

Scope 3.7, employee commuting at 129.84 kgCO₂e, bringing the total carbon footprint to 97 
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209.73 kgCO₂e. The largest source of emissions by far was purchased electricity, accounting 

for more than 99% of the total. 

Through the methods chosen from official guidelines, the results show that by switching to 

renewable energy sources such as certified green electricity contracts or solar panel 

installation, RRT could achieve a near-zero carbon footprint which is also aligned with the 

Paris Agreement targets. The scenario modelling on the Vantaa–Oulu route demonstrated 

that using the RRT terminal for intermodal transport is not only more sustainable in terms 

of carbon footprint, with emission reductions ranging from 73% to 99% depending on fuel 

technology, but also more cost efficient than road-only transport, with total cost savings of 

36% to 48% when external costs and emission compensation are included. 

It would also be better for collaboration and development in this niche sector if there were 

policies that encourage companies to be more open about their data and to disclose their 

calculation processes and methods more transparently. The benchmarking showed that many 

companies still do not share how they calculate their emissions, which makes it difficult to 

compare and trust the numbers across the industry. 

For future work it is recommended that RRT calculates CO₂ emissions each year and makes 

comparisons with previous results to track progress over time. The same Excel-based 

calculation model could be implemented on other routes, such as the eastern parts of Finland, 

to expand the analysis. Building a proper inventory quality management system would help 

gain better quality data and more reliable reporting going forward. Further opportunities 

exist to apply and investigate this model across other intermodal transport operations in 

Finland through the RRT terminal. 
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Appendix 1. Benchmarking Data and References 
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Appendix 2.  RRT Carbon Footprint Questionnaire 

 

Questionnaire for the Managers of the Railroad Terminal (RRT) - CO2 Emission 

Calculation  

 

Name of respondent: Joona & Tarmo & Tuomas 

Role in RRT & this project: 

 

 

Segment 1: Company Strategy, Markets & Operational Data 

Question Answer 
What market does RRT operate in officially? Domestic and international freight and 

storage. RRT is an efficient and competitive 
terminal area for intermodal 
transportation 

What were RRT´s initial competitive 
advantages before 2022 compared to other 
similar freight / terminal service providers? 

Strategic location between Asia and Europe 
Excellent infrastructure, allows handling of 
trains of over one kilometre in length 
The only railway and road terminal in 
Finland that is part of the trans-European 
transport core network (TEN-T) 
Operates on an open access principle 
 

How many of these competitive advantages 
remain & has any other competitive 
advantage risen or been found out? 

All advantages remain but there is no 
traffic to Asia at the moment. Also 
intermodal transportation is not existing in 
railways in Finland currently so RRT is 
focusing now more on selling storage space 
for different industry sectors 

 Of What magnitude are these new 
competitive advantages compared to old 
ones? 

- 

Has RRT recognized leveraging benefits of 
its Terminal in its new strategy? If yes, what 
are they? 

Our cross-docking and consolidation 
terminal operations add value to our 
customers 

Number of employees at the current 
moment? 

1 full time and 3 part time 

Number of budgeted employees (Full 
capacity operation at Kouvola RRT) 

Same as above 
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Maximum capacity in your budgeted units? 
If possible, specify loading -per day / 
unloading-per day and storage at Kouvola. 

Too specialized information, cannot 
answer details 

Preferred Target Market (Company Size, 
Number of Customers, + Frequency and 
Volumes of Shipments / Storage needs)? 

Harbour collaboration, multi-customer 
environment, increase of intermodal 
transportation in near future 

Preferred Target Industry and Materials / 
Products? 

No preference, multi-customer 
environment 

What is key product or service and value to 
customers that RRT provides? At the core of 
the business? 

Strategic location between Asia and Europe 
Excellent infrastructure, allows handling of 
trains of over one kilometre in length 
The only railway and road terminal in 
Finland that is part of the trans-European 
transport core network (TEN-T) 
Operates on an open access principle 
 

In which markets RRT seeks growth in 
future when current Target Customers are 
served, and how does RRT strategically 
retain its value propositions towards those 
markets?  

Traffic between Asia and Europe in long 
term. RRT has still its competitive 
advantages if routes to Asia will ever open 
up. Harbour collaboration. 

What are RRT´s key differentiators from its 
competitors?  

Location, infrastructure, high volume 
capacity 

What is RRT´s expertise in its market 
currently? 

Long experience in managing KCY terminal, 
High utilization rate at KCY 

Has Kouvola RRT categorized itself  – either 
as Terminal, Hub or in any other Main and 
Sub-Categories? 

We are rail and road transportation hub 
that provides new opportunities for cost-
effective and sustainable logistics  

What is the hub operation category if 
applicable (or what best describes RRT 
Kouvola)? 
a)Transshipment Hub  
b)Distribution Center 
c)Intermodal Hub  
d)Bulk Handling Hub 
e)Consolidation/ Deconsolidation Hub 

All of them, we want to be multi-customer 
terminal hub 

 

What Freight types are handled now and in 
the past? 
a)Containerized Freight 
b)Dry Bulk Freight 
c)Liquid Bulk 
d)Palletized 

Mass logistics products (bulk), project 
transportation units (special containers 
etc.). Different types of transportation units 
and machinery. Storaging industrial 
equipment. 

What kind of services you offer for your 
customers as a logistics hub?  

Secured terminal space and access to road 
and rail infrastructure 

Is RRT involved with Transshipment? 
If yes how? 

Not currently 

Is there any collaborative ideas or projects 
with other ports & terminals of Finland such 
as Kotka? 

Harbour collaboration is one of our main 
goals to achieve in future 

Is there a possibility of repackaging 
commodities as a value-added service in 
RRT? If no what about future? 

We can allow that to some operator etc. But 
we won’t operate anything ourselves. We 
only offer storage space 
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Is RRT responsible for loading and 
unloading containers/commodities? 

No. RRT is renting out space for cargo 
handling companies and industrial 
customers. RRT is not responsible of the 
operations. 

Does RRT have special handling capabilities 
for hazardous freight? 

Currently not 

Are there any special precautions of freight? 
For example that requires additional energy 
for refrigeration or temperature control? 

Basically not at the moment 

Does RRT handle Oversized or Heavy 
Freight (requires specialized vehicle and 
handling equipment)? 

It is possible and with one customer yes at 
RRT -terminal 

What is the current technology of the 
equipment at RRT? 
a) non-electrified – specify what fuel? 
b) electrified 
c) something else? 

Diesel powered trucks (mostly), material 
machinery, heavy cranes, wheel loaders 

What kind of electrified equipment exists in 
RRT currently or has existed? 

None 

Comprehensive List of Equipment and 
Vehicles Utilized in the Handling, Loading, 
Unloading and Transportation of Goods in 
RRT terminal / hub operations? 

Impossible to answer, because we don’t 
own any machinery 

Comprehensive List of Equipment and 
Vehicles Used for Handling, Loading, 
Unloading and Transporting Goods Either 
Owned or Leased by RRT with RRT being 
Responsible for Their Operation and 
Maintenance 

No equipment owned or leased by RRT. 
Customers own the equipment. 

How do employees commute inside the 
hub? By walking or vehicle like personal car 
/ machinery? 

Always in vehicle, safety standard 

Does RRT use subcontractors? If yes, specify 
in which operations. 

Cleaning, overall maintenance, Project 
workers (repair building etc) 

In a ideal situation, which parts of operation 
RRT would subcontract, and on what level 
(0-100%)? 

Hard to answer, because question should 
be divided in many segments 

Are there bottlenecks or concerns in using 
sub-contractors?  

Not at the moment 

Would using subcontractors add substantial 
benefit to RRT in long and short term, and in 
which operations the most? 

Overall maintenance is huge benefit 

 

Segment 2: Environmental Practices and Policies 

Question Answer 
What are the primary energy sources used 
to power ICT services? 

Electricity from the grid (KSS Energia Oy) 
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Does the hub have a heating source? If so is 
the heat generated on-site or purchased 
from an external provider? 

No 

Are renewable energy sources (e.g. solar & 
wind) part of your energy consumption? 

No 

Does your terminal have any initiative or 
policy to reduce its carbon footprint? 

Major electricity usage reduction already 
achieved when the terminal lightning was 
changed to LED lamps. Further initiatives 
will be developed based on the results of 
this thesis 

Who is the electricity supplier and what is 
the primary energy source: renewable 
energy, fossil fuel or nuclear? 

KSS Energia Oy. Energy sources in 2023: 
Fossil fuels 55,95 % 
Renewable 23,57 % 
Nuclear 20,48 % 
 

What types of software does the RRT use 
for its operations (for example SAP or 
other enterprise management systems) 

Basic office 360 

What is the total volume of goods handled 
by terminal on yearly basis 

Almost impossible to answer, calculating 
volyme of goods does add any value to us 

What type of cargo does the terminal 
primarily handle? 

Currently timber and containers, project 
cargo, transportation equipment, industrial 
equipment 

What kind of trains are used? electricity, diesel 
What is the primary energy source used in 
your terminal operation? 

Diesel trucks, material machinery, wheel 
loader 

What is the yearly electricity consumption 
in kWh? 

252 077 kWh/year (as provided earlier) 

What are the main challenges you face in 
reducing CO2 emissions at the terminal? 

Savings in electricity (LED lightning, 
optimizing the usage of lights) are 
proceeding well. We don’t get the proper 
information of emissions from the 
operations, so the calculations of emission 
levels are almost impossible to make 

 

Segment 3: CO2 Reduction Opportunities & Scopes 

Question Answer 
Has RRT developed Scope 1, 2 and 3 
emission reductions? 

Emission reduction plan will be developed 
by end of 2024 based on the results of this 
thesis 

Does RRT currently have specific strategy 
to tackle these Scopes? 

See previous answer 

Has RRT done research on Carbon 
Offsetting? If yes, in which way and with 
what conclusions? 

Not yet 

Does RRT have specific goals or targets for 
reducing CO2-Emissions in the future? 

Will be part of the reduction plan 

In your opinion what are the most effective 
ways to reduce CO2 emissions in rail 

90% of rail freight in Finland is already 
using electric locomotives, will be 100% 
soon. From RRT point of view most 
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freight operations? What about RRT in 
particular? 

effective change would be using biodiesel 
or electric  machinery. And increasing the 
rate of intermodal transportations at 
railways in future. 

Are there any future investments or 
upgrades planned to improve the 
sustainability of your terminal’s 
operations? 

Will be part of the reduction plan 

Does RRT have specific goals for carbon 
offsetting for future? 

Will be part of the reduction plan 

How do RRT´s employees work and 
commute to work? Choose Multiple if 
needed. 

a) Personal Car 
b) Company Car 
c) Bicycle 
d) On foot 
e) Hybrid Work 
f) Remote Work 
g) Work on site 

a) Personal Car 
e)   Hybrid Work 
g)   Work on site 

How many kilometers 1 employee 
commutes to work on average in a day (to 
work and back home)? 

5 

What are your biggest purchases in 
volumes on regular basis for RRT? From a 
perspective of Waste management (ex. 
Packaging materials, oils, fuels, paper etc. 
list freely) 

We don’t have any mentionable purchases 

Final Question (Answer freely as 
preferred)- Where does RRT see itself in 
2030, and has anything specific risen 
through this questionnaire that should be 
further investigated & developed or asked 
by researcher? 

From sustainability point of view in 2030 
RRT will be part of zero-emission-delivery-
chain and RRT is fully carbon neutral. Rate 
of Intermodal Transportation should be 
increased vastly and high part of our 
volume at terminals are from multi- or 
intermodal supply chains 

 

Thank you for responding! 
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Appendix 3. Excel-Based Emission and Cost Calculation Model 
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Appendix 4. Web-Based Carbon Footprint Tools and Software for RRT 

Carbon footprint and emission calculators – accessible web-based tools for RRT (EcoTransIT, 2020; 

Searoutes, 2024; ClimatePartner, 2024; Maersk, 2020; Carbon Footprint, 2023; Carbon Trust, 2020; 

Climate Impact Partners, 2023; Climate Neutral Group, 2024; Net Zero International, 2023; Watershed, 

2024; Normative, 2024; Sweep, 2024; DHL, 2024). 

Company Solutions Website 

EcoTransIT 

World 
CO₂ emission calculation 

for multimodal transport, 

energy use monitoring 

https://www.ecotransit.org/en/emissioncalculator/ 

Searoutes CO₂ emissions for logistics, 

route optimisation, API 

integration, vessel tracking 

https://searoutes.com/co2-api/ 

ClimatePartner Emission tracking, carbon 

neutrality certification, 

project offsetting 

https://www.climatepartner.com/en/take-action/climatepartner-

certified 

Maersk Emissions dashboard for 

tracking CO₂ across supply 

chain for air, sea and land 

https://www.maersk.com/digital-solutions/emissions-dashboard 

Carbon Footprint CO₂ emission calculation, 

carbon neutrality standards 

and certification PAS 2060 

https://www.carbonfootprint.com/small_business_calculator.html 

Carbon Trust Carbon footprint 

calculation, Carbon Trust 

certification 

https://www.carbontrust.com/our-work-and-impact/guides-

reports-and-tools/sme-carbon-footprint-calculator 

Climate Impact 

Partners 
Small business carbon 

footprint calculator, carbon 

offsetting, certification 

https://www.climateimpact.com/business-solutions/small-

business-calculator/ 

Climate Neutral 

Group 
CO₂ emission calculation, 

offsetting, certification, 

consultancy 

https://www.climateneutralgroup.com/en/a-to-zero-co2/ 

Net Zero 

International 
Carbon footprint 

calculation, monthly 

monitoring, carbon offset 

projects, net-zero 

certification 

https://netzero.international/net-zero-services/net-zero-

certification 

CO2 AI by BCG Carbon accounting with full 

ecosystem view, roadmap 

to net-zero and emissions 

reduction 

https://co2ai.com/ 

Watershed Carbon accounting and 

analysis, carbon removal 

project recommendations 

https://watershed.com/en-GB/product 

https://www.ecotransit.org/en/emissioncalculator/
https://searoutes.com/co2-api/
https://www.climatepartner.com/en/take-action/climatepartner-certified
https://www.climatepartner.com/en/take-action/climatepartner-certified
https://www.maersk.com/digital-solutions/emissions-dashboard
https://www.carbonfootprint.com/small_business_calculator.html
https://www.carbontrust.com/our-work-and-impact/guides-reports-and-tools/sme-carbon-footprint-calculator
https://www.carbontrust.com/our-work-and-impact/guides-reports-and-tools/sme-carbon-footprint-calculator
https://www.climateimpact.com/business-solutions/small-business-calculator/
https://www.climateimpact.com/business-solutions/small-business-calculator/
https://www.climateneutralgroup.com/en/a-to-zero-co2/
https://netzero.international/net-zero-services/net-zero-certification
https://netzero.international/net-zero-services/net-zero-certification
https://co2ai.com/
https://watershed.com/en-GB/product
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Climate Neutral 

Org. 
Carbon footprint 

calculation, certification of 

climate neutrality 

https://www.climateneutral.org/ 

Normative Carbon footprint 

accounting, consulting of 

emission reduction 

https://normative.io/product/ 

Sweep Automated measurement, 

monitoring, reduction 

targets 

https://www.sweep.net/platform 

DHL Carbon footprint 

calculation for shipment 

across various modes, 

tailored emission reports 

https://carboncalculator.dhl.com/ 
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