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Abstract 

An important goal to tackle environmental problems and foster sustainable development in the near future 

is to reduce the generation of greenhouse gas emissions (GHG) from different industrial sectors including 

ports. According to the last environmental review of the European Sea Port Organization (ESPO), 

Climate Change occupies the second position in the ranking of top 10 environmental priorities in ports. 

This reflects the importance of this issue in the whole set of port environmental priorities. In addition, it 

has been predicted by diverse institutions (e.g. The International Council on Clean Transportation 

(ICCT)) that GHG emissions from shipping activities will increase in the forthcoming years. 

The first concerns about Climate Change were expressed in 1979 when the first World Climate 

Conference was held in Geneva. Since then, many initiatives have been taking place (i.e. Paris Agreement 

2015) and several international guidelines to calculate the Carbon Footprint have been developed. In 

particular, in the Maritime sector, several ports, port terminals and ships have started to calculate their 

emissions.  

However, after the deep research conducted in this thesis on Climate Change and Carbon Footprint in 

ports, it has been seen that there does not exist a single and unified method for ports to calculate their 

GHG emissions. Therefore, nowadays it is not possible to compare the Carbon Footprint results among 

different ports. As a consequence, there is a need to develop a standard methodology to calculate this 

indicator in ports. This calculation tool has been demanded by the port sector in several conferences and 

workshops (e.g. Greenport conference, 2018). 

Therefore, this thesis focuses on this aspect and develops a practicable, user-friendly and easy to use tool 

with a standardized method for the calculation of Carbon Footprint in ports. The development of the tool 

has been done in Excel and Visual Basic software based on the most updated international guidelines (i.e. 

World Port Climate Initiative, IPCC guidelines and GHG Protocol). In this tool, all the scopes and all the 

sources that are recommended by these guidelines are taken into account.  

The tool has been tested by 20 experts through personal visits, telephone calls or via email. Their opinion 

has been taken into account to improve it. In addition, the tool has been validated with the existing results 

of the Port of Oslo (Norway) and Ports de la Generalitat (Catalonia, Spain). The results obtained are in 

line with the ones used by these ports. Finally, a case study model has been created to test all the 

functionalities of the tool that have been not proved with the previous case studies. The emission values 

obtained for this case study have been compared with those obtained with the Catalan Office for Climate 

Change (OCCC) tool and Ecological Transition Ministry (MITECO) tool. The outcomes are very similar 

with minor changes due to different emission factors. 

As a consequence, the main objective of the thesis has been achieved and a standard tool for the 

calculation of GHG in ports is now freely available for the whole port sector. The completion of this tool 

is expected to be around 20 minutes (if data are available). The tool provides options to select the scopes 

and boundaries that are more suitable and applicable to each port. In addition, the tool allows normalizing 

(standardize to a common ground) the total annual emissions in terms of total tonnes of cargo handled or 

annual TEUs. The tool, the guidelines and the video can be downloaded from 

http://eports.cat/carboonfootprint 

Keywords: Global Concern, Climate Change, Carbon Footprint, Greenhouse Gases, port, Standardized 

tool 
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Chapter 1: Introduction 
 

Ports are important infrastructures that serve as a catalyst for economic growth and development. They have 

strategic importance to a nation, acting as gateways to trade. They also constitute a key node in the global 

supply chain (Wright, 2013). At the same time, they are very complex systems, regulated by diverse levels of 

legislation: Global, European, National and Local one.  

According to the International Association of Ports and Harbors (IAPH, 2010) the increase of Green House 

Gas (GHG) emissions in port operations is the main cause of the impact that these areas have in global 

Climate Change. According to the last environmental review of the European Sea Port Organization (ESPO), 

Climate Change occupied the 2nd position in the ranking of top 10 environmental priorities in ports in 2020 

(ESPO, 2020a). This reflects the importance of this issue in the whole port environmental priorities and the 

fact that the topic of Climate Change in the maritime industry is getting more importance every day. It is 

predicted that seaport and inland waterway infrastructures will be affected by the consequences of Climate 

Change, in ways such as sea level rise and changes in  weather or in the storm frequency (Becker et al., 

2011).  

Therefore, Ports require a special treatment as far as controlling the effects on Climate Change on them, due 

to their economic importance, their role as essential links in supply chains, their location in the heart of 

sensitive estuarine environments, their reliance on waterfront locations and the significant existing 

infrastructure that links them to inland transportation networks (Becker et al., 2011). 

On the other hand, shipping generates over one thousand million tonnes of GHG emissions annually (IMO, 

2014). In the recent years, this means 2.5% of global GHG emissions (Bass, 2020). Due to the foreseeable 

raise of the maritime trade and the fact that that most of the ships are powered by fossil fuels, it is expected 

that GHG emissions will increase in the future (Wright, 2013). The International Council on Clean 

Transportation (ICCT) predicted that greenhouse gas emissions from shipping activities will triple by 2050 

(Olmer et al., 2017). Based on the result of a research from Winnes et al. (2015) on GHG emissions from 

ships in ports, the emissions of CO2 are projected to increase by 40% to 2030 in a business as usual (BAU). 

For this reason, the problem of Climate Change is gaining more importance every day in this sector and 

particularly in port areas, which contribute with their daily activities to GHG emissions. The global 

community has recognized the need to reduce global emissions and the fact that shipping is expected to 

become one of the fastest growing sectors in terms of greenhouse emissions, along with the aviation sector 

(Gilbert et al., 2010). 

To describe better the concept of Climate Change, the next section is devoted to it. 
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1.1. Climate Change 

Climate Change is an inherent global issue which has become a major focus of attention because of its 

potential hazards and impacts on the environment, particularly invulnerable systems (Sánchez-Arcilla, et al., 

2011). Climate is the most important part of the nature, the basis for human survival and development, a 

crucial resource, and the basic condition for sustainable economic and social development. Since the 

industrialization of human society coupled with the marked increase in human activities, the already variable 

climate of the Earth has been influenced significantly by such human actions (Chao & Feng, 2018). 

Generally, Climate Change refers to the gradual change in the Earth's climate and physical geography that 

accompanies an increase in the Earth's temperature. It is one of the greatest challenges facing life on Earth. 

Climate-related changes have already been observed globally and these include increases in air and water 

temperatures, reduced frost days, increased frequency and intensity of heavy downpours, a rise in sea level, 

and reduced snow cover, glaciers, permafrost, and sea ice. Longer ice-free periods on lakes and rivers, 

lengthening of the growing season, and increased water vapor in the atmosphere have also been observed. In 

addition, over the past 30 years, temperatures have risen faster in winter than in any other seasons (Karl et al., 

2009). 

The on-going global Climate Change has been related to GHG emissions because of the atmospheric 

warming effect of these emissions (IPCC, 2015a). The GHGs which have been mainly implicated in trapping 

heat in the atmosphere are methane (CH4), carbon dioxide (CO2) and nitrous oxide (N2O). In addition, 

Climate Change due to carbon dioxide emissions from transportation is considered to be a significant 

environmental threat (Akerman & Hojer, 2006; Koroneos & Nanaki, 2007) 

Concerns about Climate Change were expressed in 1979 when the first World Climate Conference was held 

in Geneva and sponsored by World Meteorological Organization (WMO). It was one of the first major 

international meetings on Climate Change (Sprinz& Luterbacher, 1996).  

After that, in 1988, the United Nations Environmental Program (UNEP) and the WMO created the 

Intergovernmental Panel on Climate Change (IPCC) to provide policymakers with regular scientific 

assessments on the current state of knowledge about Climate Change (IPCC, 2015b). In addition, IPCC 

published a set of guidelines for the National Greenhouse Gas Inventories in 1995. The revised versions of 

these guidelines were issued in 2006 and updated in 2019 (IPCC, 2006 and 2019). Moreover, since 1988 the 

IPCC has produced five comprehensive Assessment Reports and several Special Reports on specific topics 

related to Climate Change. At the moment, IPCC is working on the Sixth Assessment Report that started in 

April 2021 and it is assumed it will release in May 2022 (IPCC, 2020). 

Another important attempt to control Climate Change is the United Nations Framework Convention on 

Climate Change (UNFCCC) which was developed in Rio de Janeiro in 1992. The aim of this convention was 

to stabilize GHG concentrations in the atmosphere. The parties of this convention have met annually since 

1995 in the Conferences of the Parties (COP) to assess progress regarding Climate Change (UNFCCC, 1992). 

Besides in 1997 the Kyoto Protocol1 developed an action to limit Greenhouse Gas emissions by at least 5% 

below 1990 levels in the commitment period from 2008 to 2012. The six key greenhouse gases listed in the 

Kyoto Protocol were: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and three groups of 

                                                           
1The Kyoto Protocol which was adopted in Kyoto (Japan) in 11 December 1997 and entered into force in 16 February 2005. The Kyoto Protocol was 

an international agreement linked to the United Nations Framework Convention on Climate Change (COP3), which committed its Parties by setting 

internationally binding emission reduction targets. 
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fluorinated gases (sulphur hexafluoride (SF6), Hydrofluro Carbons (HFCs), and Perfluoro Carbons (PFCs) 

(UNFCCC, 1998). 

In addition, in 1998 the GHG Protocol was created by the World Resources Institute (WRI) and the World 

Business Council for Sustainable Development (WBCSD) (WRI and WBSCD, 2004). The GHG Protocol 

developed standards, guidance documents, tools and online training that helped countries and cities track 

progress towards their climate goals.  

Moreover, in April 1998 EPA (U.S. Environmental Protection Agency) General Counsel prepared a legal 

opinion concluding that CO2 emissions were within the scope of EPA’s authority to regulate. The path to 

EPA regulation of GHG emissions begins in 1999, when the International Center for Technology Assessment 

(ICTA) and 18 other organizations filled a petition for rulemaking with EPA, requesting that EPA regulated 

GHG emissions from new motor vehicles and new motor vehicle engines under section 202 of the Clean Air 

Act (NACAA, 2013). 

Gold Standard emission allowance is another initiative that was established in 2003 by the World Wide Fund 

for Nature (WWF) and other international Non-Governmental Organizations (NGOs) to ensure that the 

projects reduced carbon emissions under the UN’s Clean Development Mechanism (CDM) and also 

contributed to sustainable development. Its next-generation standard, launched in 2017, called Gold Standard 

for the Global Goals, allowed climate and development initiatives to quantify, certify, and maximize their 

impacts towards climate security and sustainable development. Gold Standard now has more than 80 NGO 

supporters and more than 1400 certified projects in over 80 countries, creating billions of dollars of shared 

value from climate and development action worldwide (ECOFYS, 2006). 

In 2006 International Organization for Standard (ISO) developed ISO 14064 which contains detailed 

principles and requirements for designing, developing, managing and reporting organization or company 

level GHG inventories (ISO, 2006). In addition, ISO 14064-2 focuses on GHG projects or project based 

activities specially designed to reduce GHG emissions or increase GHG removals. ISO 1464-3 developed to 

validate and verify GHG inventories. The revised version of this standard, ISO 14060 family was developed 

in 2018 in order to clarify and provide consistency to quantify, monitor, report and validate or verify GHG 

emissions and removal to support sustainable development (ISO, 2006 and 2018). 

In 2009, an initiative from the United Nations (UN) was launched, called the Partnership for Learning on 

Climate Change (UN CC: Learn). This was a collaborative initiative involving more than 30 multilateral 

organizations, whose main function was to provide support to countries that wanted to develop and 

implement training plans in sustainability. These plans were intended to address Climate Change (United 

Nations Institute for Training and Research, 2015). 

GRI (Global Reporting Initiative) is an international independent organization that has pioneered corporate 

sustainability reporting since 1997. GRI helps businesses, governments and other organizations understand 

and communicate the impact of business on critical sustainability issues such as Climate Change, human 

rights, corruption and many others (GRI, 2019). The GRI Sustainability Reporting Guidelines offer Reporting 

Principles, Standard Disclosures and an Implementation Manual for the preparation of sustainability reports 

by organizations, regardless of their size, sector or location (GRI, 2013). Emissions reporting, as one of the 

most mature areas of sustainability disclosure, is consistently considered essential information. GRI has 

included climate related metrics in its Standards since 1997 to allow companies to communicate their climate 

related impacts (GRI , 2019). The GRI launched its fourth generation Sustainability Reporting Guidelines 
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(G4) in May 2013. The G4 Guidelines are the product of an intensive, two years, multi-stakeholder process 

(KPMG, 2013). 

More recently, in 2015 the Paris Agreement within the framework of the United Nations Framework 

Convention on Climate Change (21st COPs of the UNFCCC) recognized Climate Change as an urgent threat 

and set the mitigation goal of limiting the global temperature increase up to 2 °C and ideally up to 1.5°C 

(United Nations, 2015). However, the greenhouse gas emissions continued to rise (Quéré et al., 2016). The 

concentration of CO2 in the atmosphere increased from approximately 277 parts per million (ppm) in 1750 

(Joos & Spahni, 2007) at the beginning of the industrial era, to 403 ppm in 2016 (NOAA & ESRL, 2019). 

Following the Paris Agreement, the Conference of Parties (COP 25) gathered in Madrid in December 2019. 

The main achievements of this COP were increasing the countries ambitions to Paris Agreement, recognizing 

the importance of the oceans in the climate system, promoting women's participation in international climate 

negotiation, allocating more funds to vulnerable countries to fights against Climate Change, recognizing the 

importance of non-governmental actors in climate action and invite them to increase their role. In addition, 

this COP recognized that climate policies must be constantly updated based on the advances in Science (El 

National, 2019). The next one is the COP 26 that was originally scheduled for November 2020, in Glasgow, 

UK, but finally it will be in November 2021 due to the COVID-19 pandemic situation (UNFCCC, 2021). 

During COVID 19 pandemic, there was a decrease of the GHG emissions caused by mobility restrictions 

which meant a reduction of global warming. However, this was mostly temporary. If this decrease could go 

together with investments in low-carbon solutions carried out by the governments, a reduction of global 

warming by 0.3°C by 2050 could be achieved and put the world on track to meet the Paris Agreement goals 

(Forster et al., 2020). Unfortunately, based on the stimulus plans, most governments are still on crisis mode 

and so far appear to be missing this unique and critically important opportunity for green investments 

(Climate Action Tracker, 2020). The period following the containment of the pandemic, when additional 

recovery packages will be designed and released, will be crucial for the global climate (Erik et al., 2021). 

In order to measure the potential contribution of human activities, to Climate Change, an environmental 

indicator can be used: The Carbon Footprint. In next section this concept is described. 

 

1.2. Carbon Footprint 

An environmental indicator, the Carbon Footprint, has been developed over the last decade (Peters, 2010, 

Wiedmann & Minx, 2008). Carbon Footprint is an active research topic on which a large number of 

initiatives are currently underway in several countries (Peters, 2010). Carbon Footprint has become a widely 

used term and concept in the public debate on responsibility and abatement action against the threat of global 

Climate Change. The term itself is rooted in the language of Ecological Foot printing (Bazan, 1997) and, it is 

usually quantified in units of area (Wiedmann & Minx, 2008). 

The Global Footprint Network, an organization that compiles 'National Footprint Accounts' on an annual 

basis (Wackernagel et al., 2005) sees the Carbon Footprint as a part of the Ecological Footprint. Carbon 

Footprint is interpreted as a synonym for the 'fossil fuel footprint' or the demand on 'CO2 area' or 'CO2 land'.  

The Parliamentary Office of Science and Technology (POST, 2006) defines Carbon Footprint as the total 

amount of CO2 and other GHG emitted over the full life cycle of a process or product. The other GHGs are 

expressed as CO2 equivalent (CO2eq). The carbon dioxide equivalent of a quantity of gas is calculated by 

multiplying the mass of the gas (in tonnes), by the gas global warming potential (GWP). GWP value for CO2 

is equal to 1 for 100-year time horizon, for CH4 is equal to 28 and for N2O is equal to 265 (IPCC, 2015a). 

https://en.wikipedia.org/wiki/2015_United_Nations_Climate_Change_Conference
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Wiedmann & Minx (2008) proposed the following definition of the term Carbon Footprint: "The Carbon 

Footprint is a measure of the exclusive total amount of carbon dioxide emissions that is directly and indirectly 

caused by an activity or is accumulated over the life stages of a product." 

In the UK, the Carbon Trust2 aimed at developing a more common understanding about what a Carbon 

Footprint of a product is and circulated a draft methodology for consultation. This method emphasize that 

only input, output and unit processes which are directly associated with the product should be included, 

whilst some of the indirect emissions (e.g. from the commuting of workers to the factory) are not factored in 

(Carbon Trust, 2017). 

In addition, according to Dube Trade Port Corporation3, the Carbon Footprint can be described as the total 

amount of carbon dioxide and other Greenhouse Gas (GHG) emissions (expressed as carbon dioxide 

equivalents or CO2eq) for which an organization or site is responsible, or over which it has control (Dube 

TradePort, 2016). 

Among the different initiatives related to Climate Change and Carbon Footprint, some of them have 

developed guidelines to calculate Carbon Footprint. The next section presents these guidelines together with 

other focused on reducing CO2 emissions. 

 

1.3. International guidelines to calculate Carbon Footprint 

Several organizations are working actively to provide guidelines and instructions to calculate CO2 emissions 

and Carbon Footprint. They are introduced in the next subsections. 

 

1.3.1. IPCC Guidelines 

The Intergovernmental Panel on Climate Change (IPCC) is the international body for assessing the science 

related to Climate Change. As it was mentioned in section 1.1, the IPCC was set up in 1988 by the World 

Meteorological Organization (WMO) and the United Nations Environment Program (UNEP) to provide 

policymakers with regular assessments of the scientific basis of Climate Change, its impacts and future risks, 

and options for adaptation and mitigation.  

IPCC assessments provide a scientific basis for governments at all levels to develop climate related policies, 

and they underlie negotiations at the UN Climate Conference – the United Nations Framework Convention 

on Climate Change (UNFCCC). Participation in the IPCC is open to all member countries of the WMO and 

United Nations. It currently has 195 members (IPCC, 2019b). 

The IPCC Guidelines for National Greenhouse Gas Inventories were accepted in 1994 and published in 1995. 

UNFCCC COP3 held in 1997 in Kyoto reaffirmed that the Revised 1996 IPCC Guidelines for National 

Greenhouse Gas Inventories should be used as "methodologies for estimating anthropogenic emissions by 

sources and removals by sinks of greenhouse gases" (IPCC, 2003). The revised version of the IPCC 

Guidelines for National Greenhouse Gas Inventories were issued in 2006 and updated in 2019 (IPCC, 2006 

and 2019). 

                                                           

2The Carbon Trust is a private company set up by the UK government to accelerate the transition to a low carbon economy. The Carbon Trust 

methodology estimates the total emission of greenhouse gases (GHG) in carbon equivalents from a product across its life cycle from the production of 
raw material used in its manufacture, to disposal of the finished product (excluding in-use emissions) 

3The Dube Trade Port Corporation, is a business entity of the KwaZulu-Natal Provincial Government in South Africa that manages a 3,000 ha 

infrastructure project called the Dube Trade Port Special Economic Zone set up to promote local and international trade. 
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The gases covered in the Guidelines are the direct greenhouse gases, carbon dioxide (CO2), methane (CH4), 

and nitrous oxide (N2O), the indirect greenhouse gases carbon monoxide (CO), oxides of nitrogen (NOx) non-

methane volatile organic compounds (NMVOCs), halocarbons (HFCs, PFCs) sulphur hexafluoride (SF6) and 

sulphur dioxide (SO2). The stages of calculation GHG emissions based on these guidelines are (IPCC, 2006 

and 2003): 

 Step 1: Planning the inventory which includes listing the GHG emission sources. 

 Step 2: Using the IPCC default methods/data. The IPCC Workbook contains default methods for the 

estimation of each of the main source categories. 

 Step 3: Using the workbook which is designed to be a working document. It can be used as an integral 

part of making an inventory of greenhouse gas emissions and removals. It is divided into five modules, 

each with its own icon: 

- Energy 

- Industrial Processes and product use 

- Agriculture, Forestry and Other Land Use 

- Waste 

- Other (e.g., indirect emissions from nitrogen deposition from non-agriculture source) 

Within each module a series of emission sources are identified. Each emission source contains one or more 

Worksheets. These are blank forms to create the inventory that needs to be filled in and returned to IPCC. 

To help to use the Worksheets, each emission source section contains the below mentioned aspects. More 

information about a particular emission source is also provided at IPCC Greenhouse Gas Inventory Reference 

Manual. 

- A brief introduction 

- A survey of data sources 

- An overview of the methodology recommended for the source 

- Instructions for completing the Worksheet 

 Step 4: Providing documentation. Written documentation should be provided along with inventory 

results. 

 Step 5: Reporting finer levels of detail in the worksheets. For simplicity and clarity, the Workbook 

deals with calculation of emissions at a national level, with source categories broken down into 

relatively few subcategories. The level of detail in the subcategories is designed to match the available 

sources of default input data, carbon contents and other assumptions. 

  

1.3.2. Greenhouse Gas (GHG) protocol 

The GHG Protocol is a multi-stakeholder partnership of businesses, non-governmental organizations (NGOs), 

governments, and others convened by the World Resources Institute (WRI), (a U.S.-based environmental 

NGO), the World Business Council for Sustainable Development (WBCSD) and a Geneva-based coalition of 

170 international companies. The Greenhouse Gas Protocol was launched in 1998 and its mission is to 

develop internationally accepted greenhouse gas accounting and reporting standards for business and to 

promote their broad adoption. The GHG Protocol Initiative comprises two separate but linked standards 

(WRI and WBSCD, 2004): 

 GHG Protocol Corporate Accounting and Reporting Standard: this document provides a step-by-step 

guide for companies to use in quantifying and reporting their GHG emissions. 
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 GHG Protocol Project Quantification Standard: a guide for quantifying reductions from GHG 

mitigation projects. 

GHG Protocol covers the accounting and reporting of the six greenhouse gases covered by the Kyoto 

Protocol: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), 

perfluorocarbons (PFCs), and Sulphur hexafluoride (SF6). The standard and guidance were designed with the 

following objectives: 

 To help companies to prepare a GHG inventory that represents a true and fair account of their 

emissions, through the use of standardized approaches and principles 

 To simplify and reduce the costs of compiling a GHG inventory 

 To provide business with information that can be used to build an effective strategy to manage and 

reduce GHG emissions 

 To provide information that facilitates participation in voluntary and mandatory GHG programs 

 To increase consistency and transparency in GHG accounting and reporting among various 

companies and GHG programs 

To complement the provided standard and guidance, a number of cross-sector and sector-specific calculation 

tools are available on the GHG Protocol Initiative website (www.ghgprotocol.org), including a guide for 

small office-based organizations. These tools provide step by-step guidance and electronic worksheets to help 

users calculate GHG emissions from specific sources or industries. The tools are consistent with those 

proposed by the Intergovernmental Panel on Climate Change (IPCC) for the compilation of emissions at the 

national level (IPCC, 2003). They have been refined to be user-friendly for non-technical company staff and 

to increase the accuracy of emissions data at a company level (WRI and WBSCD, 2004). 

Therefore, GHG Protocol is an accounting tool used by organizations and governments to understand 

quantify and manage their greenhouse gas emissions. It provides the world’s most widely used greenhouse 

gas accounting standards. Since 1998, it has been used by more than 1,000 businesses and organizations 

worldwide (Carbon Trust, 2017). 

 

1.3.3. International Standard Organization (ISO) 14064 

ISO 14064 provides guidelines for the calculation of GHG emissions. Besides, it has guidelines for reduction 

and verification purposes. The first version of this standard was published in 2006 and the revised one was 

published in 2018. ISO 14064 is divided in different sections. Figure1.1 displays the relationship between the 

different parts of ISO 14064, which are described below (ISO, 2018). 

ISO 14064-1 details principles and requirements for designing, developing, managing and reporting 

organization or company-level GHG inventories. It includes requirements for determining GHG emission 

boundaries, quantifying an organization's GHG emissions and removals, and identifying specific company 

actions or activities aimed at improving GHG management. It also includes requirements and guidance on 

inventory quality management, reporting, internal auditing and the organization's responsibilities for 

verification activities (ISO, 2006). 

ISO 14064-2 details principles and requirements for determining baselines for monitoring, quantifying and 

reporting of project emissions. It focuses on GHG projects or project-based activities specifically designed to 

reduce GHG emissions and/or enhance GHG removals. It provides the basis for GHG projects to be verified 

and validated. 
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ISO 14064-3 details requirements for verifying GHG statements related to GHG inventories, GHG projects, 

and Carbon Footprints of products. It describes the process for verification or validation, including 

verification or validation planning, assessment procedures, and the evaluation of organizational, project and 

product GHG statements. 

ISO 14065 defines requirements for bodies that validate and verify GHG statements. Its requirements cover 

impartiality, competence, communication, validation and verification processes, appeals, complaints and the 

management system of validation and verification bodies. It can be used as a basis for accreditation and other 

forms of recognition in relation to the impartiality, competence and consistency of validation and verification 

bodies. 

ISO 14066 specifies competence requirements for validation and verification teams. It includes principles and 

specifies competence requirements based on the tasks that validation or verification teams have to be able to 

perform. 

ISO 14067 defines the principles, requirements and guidelines for the quantification of the Carbon Footprint 

of products. The aim of ISO 14067 is to quantify GHG emissions associated with the life cycle stages of a 

product, beginning with resource extraction and raw material sourcing and extending through the production, 

use and end-of-life phases of the product. 

ISO/TR 14069 assists users, providing guidelines and examples for improving transparency in the 

quantification of emissions and their reporting (ISO, 2018). 

 
Figure 1.1: Developing GHG inventories base on ISO 14064 (ISO, 2018) 
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1.3.4. Carbon Footprint Calculation guidelines by the Ecological Transition Ministry 

of the Spanish government 

Since 2007, the Ecological Transition Ministry (MITECO) of the Spanish government developed a tool and 

guidelines to calculate the Carbon Footprint. The last version of these guidelines was published in 2019 and 

they aim to calculate emissions by scope. Emissions are categorized based on scopes: Scope 1 emissions are 

direct emissions from sources that are owned or controlled by the agency or organization; Scope 2 emissions 

are indirect emissions from electricity consumption and Scope 3 emissions are other indirect emissions that 

emits from assets not owned or controlled by the reporting organization. In particular the MITECO tool 

calculates emissions from scope 1 and scope 2, in 3 groups (MITECO, 2019): 

 Organizations  

 Municipalities  

 Agriculture 

This Excel based tool allows to calculate direct and indirect (from the electricity consumption) GHG 

emissions. It also offers the possibility of quantifying the emission reduction and comparing the results of 

emissions between different years. The scopes of this tool are: 

 Scope 1: Emissions from Fossil fuels consumption and Emissions from fluorinated gases (air 

conditioning equipment and cooling) 

 Scope 2: Emissions from Electricity consumption 

Emission factors4 are obtained from the different editions of the National Emissions Inventory of Spain (from 

the 1990-2006 edition to the 1990-2017 edition) and in the IPCC guidelines for national inventories of 

greenhouse gases of 2006 (MITECO, 2019). 

 

1.3.5. Practical guideline to calculate GHG emissions from the Catalan Office for 

Climate Change (OCCC) 

In 2008, the Catalan Office for Climate Change developed an excel based tool to calculate CO2 emissions. 

The latest version of this tool with its guideline was published in 2019. The purpose of this guideline is to 

facilitate the estimation of GHG emissions. The Guideline will help organizations and citizens to estimate the 

emissions associated with their activities, or to reduce the expected emissions by implementing a mitigation 

action. This Guide also includes the inventory framework and Carbon Footprints of organizations, as well as 

an explanation of the different categories of emissions (OCCC, 2019).  

The main purpose of this guideline is to calculate emissions associated with energy consumption in stationary 

facilities and transport, fugitive emissions from fluorinated gases, emissions from municipal waste 

management and emissions produced by water consumption from urban networks. 

The calculation tools of the OCCC have been developed based on the GHG Protocol and the latest version of 

ISO 14064. In this tool, emissions are categorized into 3 main groups (OCCC, 2019): 

 Direct emissions (Scope 1): Emissions from fuel consumption, transportation and fugitive emissions. 

 Energy indirect emissions (Scope 2): Emissions from electricity consumption, heat, steam or cooling. 

                                                           

4An emissions factor is a representative value that attempts to relate the quantity of a pollutant released to the atmosphere with an activity associated 

with the release of that pollutant. These factors are usually expressed as the weight of pollutant divided by a unit weight, volume, distance, or duration 

of the activity emitting the pollutant (e.g., kilograms of particulate emitted per mega gram of coal burned) (EPA, 2021) 
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 Other indirect emissions (Scope 3): Emissions from fossil fuel, electricity consumption, fugitive 

emissions, waste management and water consumption. 

This guideline includes guidance to calculate emissions from different events (such as a workshop) and 

public entities (such as local councils or any other Public Administration) (OCCC, 2019). 

 

1.3.6. European EN 16258 standard 

In 2012, The European standard EN 16258 "Methodology for calculation and declaration of energy 

consumption and greenhouse gas emissions of transport services "was published by the German Institute for 

Standardization (Deutsches Institut für Normung, DIN) as DIN EN 16258 and by the British Standards 

Institution (BSI) as BS EN 16258 (Schmied and Knörr, 2012). 

This guideline shows the total quantity of emissions in the form of what is known as CO2 equivalents. The 

standard distinguishes between direct and indirect emissions. Direct emissions arise from the combustion of 

fuels from the company's own vehicles or from gas or heating oil in the company or are due to the release by 

the company itself of substances which impact on the environment (Scope 1). Indirect emissions are 

produced through the supply of electricity, district heating and process heat (Scope 2) and also from the 

services of subcontractors, from the buying and disposal of products, from the production of fuels or from 

business trips or journeys to work by staff (Scope 3) (Schmied and Knörr, 2012).  

The calculation of energy consumption and emissions for a transport service must be carried out with 

standard EN 16258 in three steps (Schmied and Knörr, 2012):  

 Step 1: Splitting the transport service into individual sections without changing mode of transport 

(legs) 5 

 Step 2: Calculating energy consumption and emissions per leg:   

- Specifying the Vehicle Operation System (VOS) for this leg (actual vehicle round-trip, routes or 

vehicle type or for total network; including empty trips)  

- Quantitative determination of total energy consumption for this Vehicle Operation System (e.g. diesel 

consumption in liters)  

- Conversion of the measured energy consumption into standardized energy consumption (MJ) and 

greenhouse gas emissions (kg CO2 equivalents) for this Vehicle Operation System  

- Allocation of standardized energy consumption and greenhouse gas emissions to the transport service  

 Step 3: Addition of the results of all legs of the transport service 

 

1.3.7. Carbon Trust Guidelines 

The Carbon Trust, a private company set up by the UK government, is an independent company with a 

mission to accelerate the move to a sustainable, low-carbon economy. Carbon Trust guidelines introduce two 

types of Carbon Footprinting that affect businesses: one that measures an organization’s overall activities, 

and one that looks at the life cycle of a particular product or service. This guidelines helps organizations to 

calculate their carbon emissions, and work with them to develop a full carbon management strategy for their 

organization(Carbon Trust, 2017). 

                                                           

5Leg refers to the journey between two scheduled stops. 

 



Development of a standardized tool to calculate Carbon Footprint in ports 

21 

The Carbon Trust takes into account all six Kyoto GHG emissions and looks at different types of Carbon 

Footprint (Carbon Trust, 2017): 

 Organizational footprint (scopes 1 and 2): An organizational Carbon Footprint measures the GHG 

emissions from all the activities across the organization, including energy used in buildings, 

industrial processes and company vehicles 

 Supply chain footprint (scope 3): A supply chain Carbon Footprint measures the carbon impacts of 

the raw materials and services that are purchased by an organization in order to deliver its service (s) 

and/or product (s) 

 Product Carbon Footprint: A product Carbon Footprint measures the GHG emissions over the whole 

life of a product (goods or services), from the extraction of raw materials and manufacturing right 

through to its use and final re-use, recycling or disposal 

To enable organizations to calculate their Carbon Footprints, Carbon Trust developed two tools (Carbon 

Trust, 2017): 

 Organizational footprinting/reporting software - Footprint Manager: A cloud-based reporting tool, 

enabling organizations to measure, manage and reduce its Carbon Footprint (Scope 1, 2 and business 

travel in Scope 3)  

 Product footprinting software- Footprint Expert: A desktop-based software tool enabling 

organizations to produce fast and consistent Carbon Footprint measurements for products and 

services 

 

1.3.8. U.S. EPA Guidelines 

The U.S. EPA's (United State Environmental Protection Agency) Climate Protection Partnerships Division is 

committed to reducing GHGs through cost-effective partnerships to advance clean energy and energy 

efficiency across the U.S. economy. As part of this commitment, The EPA's Center for Corporate Climate 

Leadership was launched in 2012 (EPA, 2018). 

The Center serves as a comprehensive resource to help organizations of all sizes measure and manage GHG 

emissions, providing technical tools, ground-tested guidance, educational resources, and opportunities for 

information sharing and peer exchange among organizations interested in reducing the environmental impacts 

associated with Climate Change. The U.S. EPA Center for Corporate Climate Leadership’s Greenhouse Gas 

guidance is based on The Greenhouse Gas Protocol. 

The Center has developed specific GHG guidance meant to extend upon the GHG Protocol, to align more 

closely with EPA-specific GHG calculation methodologies and emission factors, and to support the Center’s 

GHG management tools and its Climate Leadership Awards initiative. 

The following guidance documents which are published by EPA, describe methods that organizations may 

use to calculate and report GHG emissions from these sources (EPA, 2018): 

 Direct Emissions from Stationary Combustion: This document is used to identify and estimate direct 

GHG emissions from stationary (non-transport) combustion of fossil fuels at a facility (e.g., boilers, 

turbines, process heat) 

 Direct Emissions from Mobile Combustion Sources: This document is used to identify and estimate 

direct GHG emissions associated with fuel combustion in owned or operated mobile sources 

https://www.epa.gov/climateleadership/direct-emissions-stationary-combustion-sources
https://www.epa.gov/climateleadership/direct-emissions-mobile-combustion-sources
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 Indirect Emissions from Purchased Electricity: This document is used to identify and estimate indirect 

GHG emissions resulting from the purchase of electricity, steam, heat, or cooling. 

As presented, there exist several initiatives related to Climate Change and Carbon Footprint and some of 

them published guidelines to assist organizations to calculate their CO2 emissions.  

As mentioned, ports are also contributing to Climate Change. Therefore, in the next section, the international 

organizations which are working on Climate Change and Carbon Footprint in the Maritime sector are 

introduced. In addition, three existing guidelines to calculate Carbon Footprint in the maritime sector are 

presented. 

 

1.4. Climate Change and Carbon Footprint in the Maritime sector 

While some GHGs occur naturally, there is agreement among climate scientists internationally that human 

activity has significantly increased the GHGs in the Earth’s atmosphere, leading to accelerated global 

warming (IAPH, 2010). As mentioned previously, one of the human activities which has impact on Climate 

Change and could be affected by it, is shipping and activities in ports. Activities causing this warming include 

those that occur in and around a port, such as burning fossil fuels for operations, transportation, heating, and 

electricity consumption (IAPH, 2010). These emissions contribute to Climate Change and can have 

consequences in the marine sector, such as increases in air and water temperatures, reduction of the frost 

days, increases in the frequency and the intensity of heavy downpours, sea level rise and increases in water 

vapor content in the atmosphere (Karl et al., 2009). Therefore, besides general initiatives, several attempts 

have also been made in the maritime sector to control the effects of Clime Change.  

In April 2008, the International Association of Ports and Harbors requested its Port Environment Committee, 

in consultation with regional Port Organizations, to provide a mechanism for assisting the ports in mitigating 

Climate Change. Through this request, a group of 55 ports from all over the world adopted the C40 World 

Ports Climate Declaration to work together to reduce the threat of global Climate Change. This group is now 

known as the World Ports Climate Initiative (WPCI). It was established to raise awareness in the port and 

maritime community concerning the need for action regarding GHG emissions. 

As a part of the WPCI's mission to provide a platform for the exchange of information, its guidance document 

is intended to serve as an introduction to “Carbon Footprinting” and as a resource guide for ports wanting to 

develop or improve their GHG emissions inventories (WPCI, 2010). This guideline is presented in more 

detail in section 1.4.1. According to the World Ports Climate Initiative (WPCI, 2010), establishing a Carbon 

Footprint for ports will guide them to strategies that have the greatest reduction potential at their facilities in 

order to have a better understanding of the contribution of the existing port-related sources to Climate 

Change. A port should develop a comprehensive inventory of GHG emissions or a ’Carbon Footprint ‘for 

both the port’s directly controlled sources as well as sources controlled by port tenants. This guideline has 

also been used in developing our tool. 

In 2008, IMO (International Maritime Organization) added a revised annex to the International Convention 

for the Prevention of Pollution from Ships (MARPOL)6 of 1997. The regulations for the Prevention of Air 

Pollution from Ships (Annex VI) seek to minimize airborne emissions from ships (SOx, NOx, ODS (Ozone-

depleting substances), VOC shipboard incineration) and their contribution to local and global air pollution 

                                                           

6The International Convention for the Prevention of Pollution from Ships (1973) was developed by the International Maritime Organization. The 

objective of this convention is to preserve the marine environment in an attempt to completely eliminate pollution by oil and other harmful substances 

and to minimize accidental spillage of such substances. 

https://www.epa.gov/climateleadership/indirect-emissions-purchasessales-electricity-and-steam
https://en.wikipedia.org/wiki/International_Maritime_Organization


Development of a standardized tool to calculate Carbon Footprint in ports 

23 

and environmental problems. Annex VI entered into force on 19 May 2005 and a revised Annex VI with 

significantly tightened emissions limits was adopted in October 2008 which entered into force on 1 July 2010 

(IMO, 2019). 

IMO’s package for reducing shipping’s CO2 is another interesting initiative (IMO, 2014). In 2011, IMO 

adopted a suite of technical and operational measures which together provide an energy efficiency framework 

for ships. These mandatory measures entered into force as a ‘package’ on 1 January 2013, under Annex VI of 

the International Convention for the Prevention of Pollution from Ships (the MARPOL Convention). 

PIANC7 in 2014 published a guideline for Port Authorities. The purpose of this guideline was to create 

awareness about the advantages of implementing a green port philosophy and about what this philosophy 

means for ports around the world. This was done by supplying tools and guidance that show how proactive 

environmental measures can contribute to obtaining consent for future operations and developments, how 

opportunities can be created through own initiatives and how green growth can be realized. This guideline 

included seven key issues to deal with and one of them was Climate Change mitigation and adaptation. This 

guideline is not freely available (PIAN, 2014). 

The Clean Cargo Working Group (CCWG) developed tools and methods to calculate the CO2 footprint for a 

single shipment or a total transportation company. Transportation procurement managers use these tools as a 

factor in the supplier selection, and to quantify and drive improvements for this important category 

incorporate GHG reduction targets (CCWG, 2015).  

Another initiative was the 72nd session of the Marine Environment Protection Committee (MEPC 72), held 

in April 2018 at IMO's headquarters in London. The outcome of this session was the adoption of the initial 

IMO strategy on reduction of GHG emissions from ships which includes: the objective to peak GHG 

emissions from international shipping as soon as possible and to reduce the total annual GHG emissions by at 

least 50% by 2050 compared to 2008, whilst pursuing efforts towards decarbonizing the sector as soon as 

possible in this century. It was accompanied by a comprehensive list of possible emission reduction 

measures, including short-term measures (IMO, 2018). These IMO’s decisions, created a need for finding 

ways to comply with this goal. In this direction, the European maritime community, gathered during the 

Green Ship Technology Conference in Copenhagen (March, 2019), proposed some solutions to reach this 

goal, such as the implementation of regulation, compliant fuels and expand or upgrade existing port 

infrastructure (BPO, 2019). 

The World Ports Sustainability Program8 (WPSP) aims to demonstrate global leadership of ports in 

contributing to the Sustainable Development Goals of the United Nations. It will initially implement the UN 

SDGs (The Sustainable Development Goals) along five themes. The second of them is related to Climate 

Change and energy: “Ports subscribe to the Paris Climate Goal which aims to keep global warming well 

below 2°C”. Building on the output of the World Ports Climate Initiative, port community actors can 

collaborate in refining and developing tools to facilitate reduction of CO2 emissions from shipping, port and 

landside operations. In addition, they can take initiatives to enable energy transition, improve air quality and 

                                                           

7The World Association for Waterborne Transport Infrastructure established in 1885. PIANC’s mission is to provide expert guidance and technical 

advice by bringing together the best international experts, both public and private, on technical, economic and environmental issues pertaining to 

waterborne transport infrastructure. 

8On 12 May 2017 the International Association of Ports and Harbors (IAPH) decided to set up a World Ports Sustainability Program, guided by the 17 

UN SDGs (The Sustainable Development Goals). The program wants to enhance and coordinate future sustainability efforts of port community actors 

worldwide and foster international cooperation with partners in the supply chain, governments and societal stakeholders. The World Ports 

Sustainability Program builds on the World Ports Climate Initiative that IAPH started in 2008 and extends it to other areas of sustainable development. 
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stimulate circular economy (WPSP, 2018). Based on WPSP (2020),more than one third of the port projects in 

the WPSP Portfolio address the Climate and Energy areas of interest. GHG emission reduction from ships is 

the highest priority in this category. Initiatives include providing onshore power supply, incentivizing best-

performing vessels, investing in infrastructure to supply low carbon fuels and port call optimization. This is 

in line with the international policy developments at the level of the International Maritime Organization and 

its Initial Strategy on GHG emission reduction, which aims at least halving emissions from international 

shipping by 2050, compared to 2008 levels. The second priority is improving energy efficiency of operations 

in the port area. This is being achieved through innovative processes and technologies addressing the 

production, demonstration and implementation of clean and renewable energy in ports. So far, few of the 

submitted projects address the issues around circular economy and the management of ecosystems for carbon 

capture and adaptation to climate change. 

More recently, in 2019, PIANC’s Working Group 188 on Carbon Management for Port and Navigation 

Infrastructure investigated the Carbon Footprint of activities related to development, maintenance and 

operation of navigation channels and port infrastructure including the management of dredged material. Life-

cycle analysis (LCA) and other assessment methods supported this investigation and provided insights into 

opportunities for improved carbon management. This guideline is not freely available (PIANC, 2019 a). 

The world’s biggest ports, including the European ports of Rotterdam, Antwerp, Barcelona and Hamburg, 

launched the World Ports Climate Action Program (WPCAP). This program is a joint pledge to facilitate 

emissions reductions from the ports’ supply chains and their larger geographical area. Under the WPCAP, 

ports have set up five working groups targeting specific action to accelerate the reduction of CO2 emissions. 

These include: low-carbon maritime fuels, decarbonizing cargo handling facilities, power-to-ship solutions, 

increasing efficiency of supply chains using digital tools, and advancing common and ambitious policy 

approaches to reduce emissions within larger geographical areas (Greenport, 2019). 

Another recent initiative is the Navigating a Changing Climate Partnership, whichis led by PIANC. This is a 

multi-stakeholder coalition of nine associations with interests in waterborne transport infrastructure. The 

Partners comprise of: The World Association for Waterborne Transport Infrastructure (PIANC), International 

Association of Ports and Harbors (IAPH), International Harbor Masters’ Association (IHMA), International 

Maritime Pilots’ Association (IMPA), Smart Freight Centre (SFC), European Dredging Association (EuDA), 

European Sea Ports Organisation (ESPO), Institute of Marine Engineering, Science & Technology 

(IMarEST) and Inland Waterways International (IWI).The partners have committed to work together to 

support the inland and maritime navigation infrastructure sector as they respond to Climate Change. By 

furthering understanding, providing targeted technical support, and building capacity, the partnership will 

encourage the owners, operators and users of waterborne transport infrastructure to reduce greenhouse gas 

emissions and shift to low carbon maritime and inland navigation infrastructure and act urgently to strengthen 

resilience and improve preparedness to adapt to the changing climate (PIANC, 2019 b). 

Moreover, PIANC Working Group 178 prepared a technical guidance document to help the owners, operators 

and users of waterborne transport infrastructure to adapt to Climate Change (PIANC, 2020). 

In February 2020, ESPO published its position paper on the European Green Deal (ESPO, 2020a). According 

to ESPO, European ports are trying to be the world’s first net zero emission area by 2050.The greening of the 

shipping sector is a priority for European ports, a gradual approach should be developed to reduce emissions 

at berths with an initial focus on berths close to urban areas and a focus on particular segments such as cruise 

ships and ferries. By 2030, CO2 emissions from ships at berth and in ports should be reduced by 50% on 
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average and across all segments of shipping. In addition, onshore Power Supply (OPS) should be encouraged 

as an important part of the solution.  

In october 2020, the IMO’s seventh meeting of the Working Group on Reduction of GHG Emissions from 

Ships took place remotely. The working group agreed on new mandatory measures to cut the carbon intensity 

of ships, building on current mandatory energy efficiency requirements to further reduce greenhouse gas 

emissions from shipping (IMO, 2021). 

Among these initiatives, the Marine Environment Protection Committee of IMO, WPCI and CCWG have 

published guidelinesto calculate CO2 emissions in the maritime sector. In the next section these guidelines are 

introduced. 

 

1.4.1. World Ports Climate Initiative (WPCI) Guidance Document 

The World Ports Climate Initiative (WPCI) was established to raise awareness in the port and maritime 

community of the need for action regarding greenhouse gas emissions, to initiate studies, strategies and 

actions to reduce greenhouse gas emissions, to provide a platform for the maritime port sector for the 

exchange of information, and to make available information on the effects of Climate Change on the 

maritime port environment and measures for its mitigation (WPCI, 2010). 

As a part of the WPCI's mission to provide a platform for the exchange of information, its guidance document 

is intended to serve as an introduction to “Carbon Footprinting” and as a resource guide for ports wanting to 

develop or improve their GHG emissions inventories. It has been developed in a collaborative process 

undertaken by several North American and European ports with a common interest in sharing knowledge and 

methods related to the planning and developing of Carbon Footprint inventories. 

For the purpose of creating a plan, the port should select an appropriate base year to develop its current 

inventory. The GHG inventory should be categorized into three emission scopes, which are shown in 

Figure1.2 (WPCI, 2010): 

Scope 1: Port Direct Sources. These sources are directly under the control and operation of the port 

administration entity and include port-owned fleet vehicles, port administration owned or leased vehicles, 

buildings (e.g., boilers, furnaces, etc.), port-owned and operated cargo handling equipment (to the extent the 

port is an operating one)9, and any other emissions sources that are owned and operated by the port 

administrative authority. 

Scope 2: Port Indirect Sources. These sources include port purchased electricity for port administration 

owned buildings and operations. Tenant power and energy purchases are not included in this Scope. 

Scope 3: Other Indirect Sources. These sources are typically associated with tenant operations and include 

ships, trucks, cargo handling equipment, rail locomotives, harbor craft, tenant buildings, tenant purchased 

electricity, and the commuting of port and tenant employees (train, personal car, public transportation, etc.).  

                                                           

9A port which does not own the land or is given responsibility for managing the land on which the port is located 
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Figure 1.2: Emission sources in ports (WPCI, 2010) 

 

1.4.2. Guidelines for voluntary use of the ship Energy Efficiency Operational 

Indicator 

In July 2009, the Marine Environment Protection Committee of IMO, at its fifty-ninth session agreed to 

circulate the Guidelines for voluntary use of the Ship Energy Efficiency Operational Indicator (EEOI) (IMO, 

2009). 

These Guidelines can be used to establish a consistent approach for voluntary use of an EEOI, which will 

assist ship owners, ship operators and parties concerned in the evaluation of the performance of their fleet 

with regard to CO2 emissions. As the amount of CO2 emitted from a ship is directly related to the 

consumption of bunker fuel oil, the EEOI can also provide useful information on a ship’s performance with 

regard to fuel efficiency. In order to establish the EEOI, the following main steps will generally be needed 

(IMO, 2009):  

1. Define the period for which the EEOI is calculated 

2. Define data sources for data collection 

3. Collect data 

4. Convert data to appropriate format 

5. Calculate EEOI 

 

1.4.3. Clean Cargo Working Group 

Clean Cargo Working Group presents one common standard to collect and calculate CO2 emission from 

ocean container transportation. This methodology is developed based on GHG Protocol supply chain 

guidelines, the European EN 16258 standard, and IMOs EEOI (Energy Efficiency Operational Indicator) 

guidelines (CCWG, 2015). 
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The current CCWG CO2 methodology covers container transportation on oceangoing container ships. It is not 

applicable to non-containerized cargo transported in bulk, tank, Ro-Ro, and ferry vessels. This methodology 

only includes CO2 emissions and no other GHG emissions (CCWG, 2015). 

In this methodology, Emission Factors are calculated based on the IMO Carbon Conversion Factor (IMO, 

2009) and fuel consumption. 

When a shipper wants to calculate its company CO2 footprint, it could use the CO2 trade lane average 

emission factors. The method is straightforward (CCWG, 2015):  

1) Map trade lanes 

2) Identify the number of containers on each trade lane (conversion into TEU’s) 

3) Identify the distance travelled on each port pair per trade lane 

4) Multiply the relevant trade lane average emission factors with the number of containers and the identified 

distance 

5) Sum up the trade lane CO2 emissions  

After this theoretical research on maritime initiatives and guidelines related to Carbon Footprint, in the next 

section, the results of practical research are presented. This will help to have a better understanding of the 

situation of Carbon Footprint in ports. 

 

1.5. Practical Research 

The main incentive for developing a tool to calculate Carbon Footprint in ports is the result of Greenport 

Congress which was held in Valencia, the 17th and 18th October 2018. The data was obtained from the 

responses of different port actors that replied to 55 questionnaires during the Valencia Greenport Congress. 

Once the questionnaires were completed, the data were analyzed and conclusions were drawn by interpreting 

this information. A sample of the questionnaire can be found in Appendix 1. 

 

1.5.1 Survey structure and participants 

This survey is divided in four parts: 

 First part: identification of the top environmental priorities in the participant ports 

 Second part: questions on the relationship of the ports with climate issues 

 Third part: questions on Carbon Footprint Management  

 Fourth part: analysis of the scheme of Carbon Footprint 

 

As it can be seen in Figure1.3, these questionnaires were distributed among participants from all over the 

world. Among European countries, most of the questionnaires were replied by Spanish participants (35%), 

which is normal since conference was held in Spain. After that, British, German and Finish participants were 

the ones with higher participation (9% each one). America was the second area with more representation 

(with countries from South America, North America and Canada). The African participants were Morocco, 

Ghana and Liberia. Just one participant from Asia (Malaysia) and Australia, respectively. 
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Figure1.3: Participant Continents 

 

Figure1.4 illustrates that most of the participants were environmental managers (40%) followed by project 

managers (17.5%), port top managers and environmental experts (10%). 

 

 
Figure 1.4: Participant’s position 

1.5.2. Results 

As mentioned before the results of this survey are divided in four parts. In the next sections all these parts are 

analyzed and explained in detail. 

 

- Environmental aspects 

In this section the top Environmental priorities are presented, together with monitoring issues and the used of 

performance indicators. Table1.1 shows the Top 10 Environmental priorities identified in Valencia Greenport 

Congress 2018. As it can be seen, based on the responses, ‘Energy consumption’ is the most important 

environmental aspect which is directly associated with the cost of electricity and fossil fuels. 

‘Air quality’ has been defined as the second environmental priority by Greenport Congress participants. This 

reflects the significance of this aspect due to its direct relation with the health of people working or living 

around ports (Puig, 2016). The third position belongs to ‘Waste’ followed by ‘Noise’. Generally, engines of 
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ships and machineries are the main source of unwanted noise in ports. ‘Water quality’ based on the result of 

Greenport Congress occupies the fifth position followed by ‘Climate Change’ which is in a relevant sixth 

position. The seventh position is for ‘Dredging Operations’. 

It is interesting to note that the 8th position belongs to ‘Carbon Footprint’ that is totally related with Climate 

Change. Therefore, the fact that these two aspects are present in the 10 top environmental issues shows the 

increasing attention that ports are paying to Climate Change. Also, equal to Carbon Footprint, ‘Land 

planning’ is in 8th position which is followed by ‘Relationship with Local community’ and ‘Transport’. 

 
Table 1.1: Top 10Environmental priorities in Greenport Congress in Valencia in 2018 

 Environmental priorities Percentage (%) 

1 Energy consumption 80 

2 Air quality 73 

3 Waste  60 

4 Noise  52 

5 Water quality 42 

6 Climate Change 23 

7 Dredging operations 21 

8 Land planning 13 

8 Carbon Footprint 13 

9 Relationship with Local community 11 

10 Transport 11 

 

The comparison of these results with ESPO survey 201810 (ESPO, 2018) shows that there are some 

similarities among the results of two surveys (Table1.2). Those priorities that are coloured are present in both 

surveys. Based on the results of Greenport Congress, ‘Energy consumption’ is the first whereas in ESPO 

survey it occupies the second position. However, ‘Air quality’ is the second issue for Greenport Congress and 

first for ESPO. Therefore,the two main priorities are the same but in different position. 

‘Noise’ occupies a forth position in Greenport and a third position in ESPO. ‘Water quality’ is in fifth 

position in Greenport and in eight in ESPO. ‘Climate Change’ occupies a very similar position in both 

ranking 6th and 7th, respectively. The ‘Relation with local community’ occupies 9th position in Greenport 

whereas in ESPO is located in 4th position. In a whole, the top 10 issues for both surveys are quite 

coincident. 

 

Table 1.2: Top 10 Environmental priorities in Greenport Congress in Valencia and ESPO survey in 2018 

 Greenport Congress survey ESPO survey 

1 Energy consumption Air quality 

2 Air quality Energy consumption 

3 Waste  Noise 

4 Noise  Relationship with Local community 

5 Water quality  Ship Waste 

6 Climate Change Land planning 

7 Dredging operation Climate Change 

8 Land planning Water quality 

8 Carbon Footprint 

9 Relationship with Local community Dredging operation 

10 Transport Garbage/port waste 

                                                           
10The results of the conference are compared with the ESPO review 2018 and not with the ones of 2020, since it was found to be more realistic to 

compare the results for the same year of the conference. 
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Table 1.3 showsthe percentages of ports that monitordifferent  Environmental Aspects. Based on results of 

Greenport survey half of the ports monitor their ‘Energy consumption’, ‘Air quality’ and ‘Waste’. In the case 

of ‘Climate Change’, which is the main topic of this reseach, only 13% of ports monitor it. 

 
Table 1.3: The percentages of ports that monitor different Environmental Aspects 

Issue Percentage (%) 

Energy consumption 54 

Air quality 52 

Waste  49 

Noise  38 

Water quality 32 

Climate Change 13 

Dredging operation 14 

Land planning 4 

Carbon Footprint 7 

Relationship with Local community 2 

 

Table 1.4 shows the percentage of monitoring issues that have associated Environmental Performance 

Indicators.As it can be seen, half of the ports in the case of ‘Energy consumption’ are using Environmental 

Performance Indicators to monitor it. For the case of ‘Air quality’, ‘Waste’ and ‘Noise’ around 30% of the 

ports are also using performance indicators to control them. In the case of ‘Climate Change’ only 13% of 

ports have performance indicators to measure this aspect. 

  
Table 1.4: The percentage of monitoring issues that have associated 

Environmental Performance Indicators in ports 

Issue Percentage Issue Percentage 

Energy consumption 
49 

Climate Change 
13 

Air quality 
38 

Dredging operation 
11 

Waste  
34 

Land planning 
4 

Noise  
27 

Carbon Footprint 
4 

Water quality 
20 

Local community 
0 

 

- Climate Change 

This part investigates the awareness of port organizations about Climate Change and their efforts to control it. 

As it can be seen in Figure 1.5, 81% of ports organizations believe that Climate Change has impacts on their 

organizations such as the sea level rise. This shows that they are aware of the importance of this issue. 

 
Figure 1.5: Awareness of the impact of Climate Change on ports 
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Concerning the existence of a Climate Change Risk Assessment plan, 57% of the participants have one plan 

to face this situation (Figure 1.6). A climate risk assessment should be part of a port broader risk management 

process. It identifies the risk of existing and future climate hazards with the aim of providing data that enable 

to make decisions about how and when to deal with these hazards (Scott et al., 2013) 

 

 
Figure 1.6: Existence of a prepared Climate Change risk assessment plan 

The results in Figure 1.7 illustrate that 81%of organizations collaborate with other third-party organizations 

on the issue of Climate Change. This shows that ports are already taking in to account the port community 

and other stakeholders to face the Climate Change. 

 

 
Figure 1.7: Collaboration with other third-party organizations on the issue of Climate Change 

 

One of the main problems that ports encounter to deal with Climate Change is collecting data and having 

sufficient information. Based on results of this research, only 47% of organizations are collecting data on 

Climate Change (Figure 1.8). 

 
Figure 1.8: Collection of data/information on Climate Change 

 

As it can be seen in Figure 1.9 only 24% of organizations are aware of the future released of PIANC working 

group 178 guidelines that will help port operators to face Climate Change. 
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Figure 1.9: Awareness of the future release of PIANC working group 178 guidelines/tool kit 

 

- Carbon Footprint management  

In this part, different aspects are commented such as the reporting on Carbon Footprint, main drivers to 

implement carbon management, key stakeholders for development of carbon management program and the 

major challenges and problems for developing and implementing a carbon management program. 

The results in Figure 1.10 show that 62% of the organizations report their carbon emissions. However, the 

method used has not been specified. 

 

 
Figure 1.10: Reporting on carbon emissions 

Table 1.5 presents five main drivers to implement carbon management which categorize in five priorities. 

The first driver is the ‘Leadership role’; this means that the main reason for ports to manage carbon is being 

the leadership in these types of practices. After that ‘Compliance with emerging regulations’ is the driver 

with more impact which is quite reasonable since legislation is a must. The next driver is ‘Potential to 

influence practice and regulation through innovation and investment’. Ports believe that being pioneers in this 

topic they can influence in future legal requirements. ‘Opportunity to reduce and offset emissions from 

infrastructure development’ together with ‘Stakeholder pressure to reduce environmental impacts, are the last 

two drivers to implement carbon management. 

 
Table 1.5: The main drivers to implement Carbon Management 

Drivers Priority Total  points 

Leadership role in Carbon management practices 1 174 

Compliance with emerging regulations 2 162 

Potential to influence practice and regulation through innovation and investment 3 159 

Opportunity to reduce and offset emissions from infrastructure development 4 135 

Stakeholder pressure to reduce environmental impacts 5 134 

 

Table 1.6 shows the key stakeholders for the development of a carbon management program in a port. Based 

on the results of the survey, ‘Port operators’ and ‘ship owners’ are those which have an important role for the 
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development of carbon management program. Outside the port the ‘Government’ is the main driver to 

implement carbon management plans. ‘Municipality’ and ‘Port authorities’ equally occupy the fifth position. 

Surprisingly, the ‘Environmental department’ which seems to have the most important role for development 

of carbon management program is in the sixth position and the last place belongs to ‘Customers’. 

 
Table 1.6: The key stakeholders for the development of carbon management program in a port 

The key stakeholders Number Percentage (%) 

1 
Port Operators 18 

25% 

2 
Ship Owners 10 

15% 

3 
Government 7 

9% 

4 
Senior manager 6 

8% 

5 
Municipality 5 

6% 

5 
Port Authorities 5 

6% 

6 
Environmental department 4 

4% 

7 
Customers 3 

3% 

8 
Other 17 

24% 

 

The major challenges and problems for developing and implementing a carbon management program are 

illustrated in Table1.7. The most important challenge is ‘Data collection’, gathering accurate data for 

calculating Carbon Footprint and GHG is a critical issue. This is linked directly with the second problem, 

‘measuring and calculating data’. The third position belongs to two aspects: ‘Coordination among 

stakeholders’ and ‘Legislation’, with an equal percentage. These are two very important topics within a port. 

‘External costs’, ‘Limited carbon management program to local footprint’ and ‘Setting boundaries for 

measuring shipping emission’, occupy the forth position with equal importance. Therefore, solving these 

problems could help port organizations to work on a climate issue in more suitable way. 

 

Table 1.7: The major challenges and problems of developing and implementing 

a carbon management program 

 Major challenges and problems Number Percentage (%) 

1 Data collection 18 26% 

2 Measuring and calculation Data 14 20% 

3 Coordination among stakeholders 7 10% 

3 Legislation 7 10% 

4 External costs 6 9% 

4 Limited to local footprint 6 9% 

4 Set boundaries for measuring shipping emission 6 9% 

5 Others 5 7% 

 

- Carbon Footprint Scheme 

The European Union and its Member States have a strong preference for a global approach on the issue of 

Carbon Footprint. In addition, this is supported by the International Maritime Organization (IMO) in order to 

make it more effective. Considerable efforts to agree in such an approach have been made over recent years 

within both the IMO and the United Nations Framework Convention on Climate Change (UNFCCC).  

In order to understand the number of ports that are aware about their role in greenhouse gas emission control 

and the importance of it, this survey has introduced a question on this. As it can be seen in Figure 1.11, 

almost 94% of organizations are aware about their role in reducing GHG. In addition, based on the results of 
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this survey (Figure1.12), 86% of respondent ports consider that GHG emissions from shipping generated in 

port area should be included as third-party emission in the Carbon Footprint of the port. 

 

 
Figure 1.11: Ports have a role in reducing Greenhouse Gas Emissions from shipping 

 

 
Figure 1.12:  Inclusion GHG emission from shipping generated in port as third-party emission in Carbon 

Footprint of the port 

 

Figure1.13 illustrates that 89% of the ports consider that a common port-sector Carbon Footprint scheme 

would benefit individual port authorities and the port-sector as a whole. Nowadays, there exist different 

systems and each port is using its own. Therefore, comparisons between the different values obtained are 

complicated.  

 
Figure 1.13: Need of a common Port-sector Carbon Footprint scheme 

 

 

1.5.3. Conclusions 

Climate Change has gained importance in maritime industry in recent years. Based on results of this practical 

research, this topic occupies the sixth position among top 10 environmental priorities in ports, and it is getting 

more importance day by day. 

Based on the results of Greenport Congress, Energy Consumption is the first priority for participant ports 

whereas in ESPO survey 2018 occupies the second position. As one of the consequences of energy 
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consumption is CO2 and GHG gases emissions, this issue takes into consideration Climate Change, which 

occupies a very similar position in Greenport and ESPO survey ranking 6th and 7th, respectively. Therefore, 

controlling energy consumption indirectly could reduce CO2 emission and GHG gases. Carbon Footprint is 

also in the top 10 priorities. This reflects the importance of these two issues in the whole environmental 

priorities. 

The results of this survey show that most of the port organizations believe that Climate Change has an impact 

on their organizations. Also it proves that most of them are aware of the importance of this matter but few of 

them monitor Climate Change and have associated Environmental performance indicators to control it. 

Therefore, it is necessary that ports actively make more efforts in the field of monitoring of Climate Change 

issues. 

Half of the organizations have prepared a Climate Risk Assessment plan and most of them have collaboration 

with other third-party organizations on the issue of Climate Change. However, half of the ports are collecting 

data on Climate Change, and also, more than a half of the participants report their carbon emissions. The 

problem is the way they do so and how each institution is using its own method. 

Data collection, measuring and calculating data and Coordination among stakeholders are the most important 

challenges in implementing a carbon management program. Based on results of this research, only 47% of 

organizations are collecting data on Climate Change. 

In the case of the role of ports in reducing Greenhouse Gas Emissions, results show that most of the 

participants are aware about their role in reducing GHG. Most of the respondents consider that GHG 

emissions from shipping generated in the port area should be included as third-party emission in the Carbon 

Footprint of the port. In addition, most of them consider that a common, port-sector Carbon Footprint scheme 

would benefit individual port authorities and the port-sector as a whole.  

As a result of this practical research, a scientific paper has been published in Sustainability journal 

(Azarkamand et al., 2020a) and it can be found in appendix 7.1. 

 

1.6. Research motivation 

The results of Greenport Congress which were presented in the previous section prove the need for 

developing a standardized tool to calculate CO2 emissions in ports. As recognized by ports, a common port-

sector Carbon Footprint scheme would benefit individual port authorities and the port-sector as a whole. This 

same idea was highlighted by an article from Laboratorio de Ingeniería Sostenible (2004), which mentioned 

the need of a standardized single calculation methodology properly developed and which facilitates the 

calculation, comparison and coordinated planning of projects to reduce and mitigate emissions. 

Therefore, although as it has been presented there are several international guidelines to calculate 

Carbon Footprint, there is no single, unified method to calculate it in ports. This is the main 

incentive for the development of this thesis.  

As a consequence, a practicable, user-friendly and easy to use tool with a standardized method for 

the calculation of Carbon Footprint in ports will be developed 
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1.7. Objectives 

An important goal to tackle environmental problems and foster sustainable development in the near future is 

to reduce the generation of GHG emissions from different industrial sectors. The International Council on 

Clean Transportation (ICCT) predicted that greenhouse gas emissions from shipping activities will triple by 

2050 (Olmer et al., 2017). Therefore, calculating and controlling GHG emissions in ports is getting more 

importance every day. As mentioned before, in recent years many ports started to calculate their Carbon 

Footprint and report it. The problem is that there is not any common method to calculate it and allow 

comparing Carbon Footprint results among different ports. 

Therefore, the main aim of this thesis is to develop a standardized tool specifically designed so that port 

authorities can calculate their Carbon Footprint and report it accordingly. This general objective can be 

divided into the following specific objectives: 

 Research on Climate Change and Carbon Footprint in general and for the maritime sector 

 Research on International guidelines to calculate Carbon Footprinting general and for the maritime sector 

 Conduct a practical research on ports (Greenport Congress2018) 

 Identify and compare Carbon Footprint calculation methodologies in different ports, port terminals and 

ships 

 Develop a standardized tool to calculate CO2 emissions in ports 

 Develop a step by step user guidelines and video with instructions to use the tool 

 Improve the tool through the feedback obtained from different reviewers 

 Select pilot ports to validate the tool 

 Create a case study model to test all the functionalities of the tool 

 Validate the tool with the pilot ports and the case study model 

 Improve the tool if necessary 

 

1.8. Structure of the thesis 

This thesis includes six chapters which are: 

1. Introduction: This chapter includes the research on the concept of Climate Change and Carbon 

Footprint in general and in the maritime sector. The research on guidelines to calculate Carbon 

Footprinting general and for the maritime sector and the results of Practical Research are also 

presented. In addition, the research motivation and objectives are described in this chapter. 

2. Research on existing methodologies: This part of the thesis includes the research on existing 

methodologies to calculate Carbon Footprint in ports, port terminals and ships. In addition, in this 

section, the weaknesses and strengths of these methodologies are identified, which will serve as a 

basis to develop the new tool. 

3. Development of the tool: in this chapter, the scopes and boundaries are defined. The emission sources 

and pollutants are recognized and a suitable calculation method for each emission source is selected. 

The creation of a tool to calculate CO2 emissions in ports is described. The guidelines are developed 

and are presented in this part.  

4. Test and Improvement of the tool: in this chapter a revision of the tool is done through the feedback 

obtained via reviews from port professionals and environmental experts. 
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5. Case studies: in this chapter, the new tool is being validated with public data from the Port of Oslo 

(Norway) and Ports de la Generalitat (Catalonia, Spain). The results allow for comparing the 

published results of these ports with the results of the new tool. In addition, in order to test all scopes 

and sources of the tool, a case study model has been created. The emissions of this port are then 

calculated using the new tool, the OCCC tool and the MITECO tool. 

6. Conclusions: this chapter includes the main findings and conclusions of the thesis. 
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Chapter 2: Research on existing methodologies 
 

 
This chapter constitutes the basis for the creation of a new tool to calculate CO2 emissions in ports. In the next 

section, methodologies to calculate Carbon Footprint in ports, port terminals and ships are studied and 

analyzed. Ships are included since their emissions are contributing to the total port area Carbon Footprint. 

More than 20 different methodologies used by 15 ports, 3 port terminals and 4 ships were taken into account.  

After having reviewed all these methodologies, a set of conclusions about their main strengths and 

opportunities for further enhancement are extracted. 

 

2.1. Ports     

As mentioned before, in recent years many ports have started to calculate their Carbon Footprint and report it. 

In this section the existing methodologies used in different ports are studied to have a better understanding of 

them. 

  

2.1.1. The port of Gijón 

Gijón Port Authority (Spain) has been the pioneer in the use of the Carbon Footprint indicator within the 

Spanish port system. This port detected all the direct and indirect emission sources and calculated its Carbon 

Footprint in 2002 (Laboratorio de Ingeniería sostenible, 2004). Details on this methodology were not 

provided in the mentioned reference. Later on, in the period from 2004 to 2008, in another study from 

Carballo-Penela, the Carbon Footprint was calculated again in this port (Carballo-Penela et al, 2012) and the 

results were then published. 

Gijon´s port Corporate Carbon Footprint (CCF) was calculated by using the Compound Method based on a 

Financial Accounts (MC3) method. CCFis not limited to direct or on-site effects, as it takes into account the 

emissions along the whole chain of suppliers of the goods and services (Carballo-Penela et al., 2012). 

- Boundaries  

This method was applied to the port and all its services. The MC3 calculates the footprint for all goods and 

services included in the inventory. Additionally, waste derived from the acquisition of such goods and 

services, and the occupied spaces by the company are included in the inventory. 
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- Scopes  

The GHG Protocol Corporate Standard (WRI and WBSCD, 2004) was used for scoping CCF calculation in 

the port of Gijon. Based on this standard Gijón Port defined three scopes for its Carbon Footprint calculation 

(Carballo-Penela et al., 2012): 

 Scope 1: Fuels consumption- Direct emission 

 Scope 2: Electricity consumption- Indirect emission 

 Scope 3: Other indirect emissions (Materials, Building Materials, Services and Contract services, Waste, 

Agricultural sources, Forest resources and Water) 

- Methodology  

MC3 is one of the most practical methodologies to assess the amount of direct and indirect greenhouse gas 

emissions for the three scopes. A guideline for assessing the Carbon Footprint is included in this 

methodology. In addition, the MC3 was built under the premise of being fully consistent with ISO standards 

(Alvarez, 2014). 

This method was published by the Spanish Association for Standardization and Certification (AENOR) and it 

was improved through the cooperation with five Spanish universities, and approved as a valid approach for 

assessing Carbon Footprint within the framework of the Spanish Voluntary GHG Reduction Agreement 

(Alvarez, 2014). 

The necessary information to determine the CCF though the MC3 is mainly obtained from accounting 

documents such as the balance sheet and the profit and loss accounts, in this way all activities linked to each 

organization are perfectly defined.  

Obtaining CCF using the MC3 methodology is done through the use of the calculation sheet. This works as a 

consumption land use matrix (CLUM), which applies the consumption of goods and services needed by 

companies. Figure 2.1 shows the sample of the CLUM matrix. The rows of the CLUM matrix show the 

footprints for each category of good/service consumed. Columns include several other elements such as 

annual consumption and relevant categories of productive space according to the Ecological Footprint 

analysis.



Development of a standardized tool to calculate Carbon Footprint in ports 

40 

 

 

 

Figure 2.1: Structure of the spreadsheet showing the CCF CLUM matrix (Carballo-Penela et al., 2012) 
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Figure 2.2 presents the outline for the calculation of the CCF applying MC3. Consumptions units are 

multiplied by the energy intensity (the used amount of energy in GJ/t) to obtain the total energy used to 

produce each product category, considering a standard life cycle. Once the total energy is obtained, this is 

divided by the energy productivity11 to get the ecological footprint of the company. Finally, Carbon Footprint 

is obtained after multiplying the ecological footprint by an absorption rate per hectare/year (5.21t 

CO2/ha/year).  

The calculation includes not only the CO2 emissions generated by the company premises or by its means of 

production (e.g. those derived from solid-fuel consumption) but also emissions generated by the energy used 

in the production of goods and services acquired by the company, independently of whether or not they are 

used in the production process. The production of a certain good is transformed into CO2 emissions by 

applying the emission factors (t CO2/Gj) from the Intergovernmental Panel on Climate Change (Carballo-

penela et al., 2012). 

 
Figure 2.2: Calculation of CCF applying MC3 (Carballo-penela et al., 2012) 

 

The data for calculating CCF in this port were obtained from accountability documents such as the trial 

balance12, the tangible fixed assets13 and the general ledger14. Other data such as electricity, fuel, water, and 

paper consumption were obtained from those responsible persons for these services (Carballo-penela et al., 

2012). 

- Results 

The main results by good/service category and scope (in tonnes of CO2 emitted) are presented in Table 2.1. 

According to this Table, two different patterns in the evolution of net CCF for Gijon’s Port are identified. In 

the first place from 2005 to 2007 there is a decrease of around 7.5% by net CCF, whereas in 2008 this trend 

was disrupted presenting an increase of 8.6% compared to 2007. 

Regarding Fuel consumption (Scope 1), the emissions from 2004 to 2006 increased, whereas from 2006 to 

2008 they decreased. Concerning Electricity consumption (Scope2), from 2004 to 2008 the emissions 

decreased. In the case of other indirect emissions (Scope 3) almost all of them show a decreasing trend except 

Building materials and Services and Contract services. 

                                                           
11Energy productivity shows how many tonnes of each fuel were needed to generate the CO2 volume. These can be absorbed per hectare on an annual 

basis by applying an absorption rate per hectare/year. 
12A trial balance is a book keeping or accounting report that lists the balances in each of an organization's general ledger accounts. 
13The tangible fixed assets generally refer to assets that have a physical value. Some of these assets such as computer equipment will incur 

depreciation, which needs to be factored into the accounts. 
14A general ledger account is an account or record used to sort, store and summarize a company's transactions. 

https://www.accountingcoach.com/blog/what-is-a-general-ledger-account
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Focusing on 2008 results, the major contribution to CCF corresponds to the building materials (70.2% of the 

total) followed by electricity (scope 2), 11.7%. Scope 1 just present 1.7% of the total of emissions (Carballo-

Penela et al., 2012). 

For the case of Gijón’s port, indirect emissions from scope 2 (electricity), and other indirect emissions of 

scope 3 (materials, building materials, services, wastes, agricultural resources and forest resources, and 

water), reached 31,910 tCO2 in 2008 (98.3% of the Carbon Footprint; in particular, 86.3% of the emissions 

are due to scope 3). As it can be seen in Figure 2.3, Scopes 1 (1.7%) and Scope 2 (11.7%) represent only an 

average of 13.43% of the Carbon Footprint for 2008.  Taking into consideration these results, efforts should 

be made to reduce indirect emissions (scope 3), which are the highest ones. In other words, carbon neutrality 

requires measures beyond scopes 1 and 2, so measurement of scope 3 is vital (Carballo-Penela et al., 2012). 

 
Table 2.1: CCF broken down by categories and scopes (tCO2/year) (Carballo-Penela et al., 2012) 

Scopes  2004 2005 2006 2007 2008 

 Amount  (%) Amount  (%) Amount  (%) Amount  (%) Amount  (%) 

Fuel (Scope1) 676 2.2 705 2.2 839 2.8 578 1.9 550 1.7 

Electricity (Scope 2) 5,040 16.5 3,909 12.2 3,893 12.9 3,815 12.8 3,801 11.7 

Other indirect emissions (Scope3) 

Materials 4,036 13.2 3,916 12.2 3,795 12.5 3,728 12.5 3.756 11.6 

Building Materials  16,281 53.4 19,000 59,1 19,113 63.2 19,411 64.9 22,772 70.2 

Services and Contract services  786 2.6 1,447 4.5 1,197 4.0 1,247 4.2 863 2.7 

Waste  1.143 3.7 1,250 3.9 10 0 59 0.2 27 0.1 

Agricultural sources  410 1.3 521 1.6 449 1.5 490 1.6 159 0.5 

Forest resources and Water 2,113 6.9 1,401 4.4 950 3.1 569 1.9 532 1.6 

Gross CCF 30,485 32,148 30,245 29,896 32,460 

Counter Footprint15 59 51 51 51 52 

Net CCF 30,426 32,097 30,194 29,845 32,408 

 

Figure 2.3: Total CO2 emissions in percentage by scope in 2008 (Carballo-penela et al., 2012) 

 

- Strengths and weaknesses  

One of the strengths of this method is that it is a complete method, which collects the footprint from the 

consumption of all goods and services and wastes generated by a company, including direct and indirect 

emissions. Also, it is a flexible method. The calculation sheet allows the possibility of adding or modifying 

the factors used, by adapting to the characteristics of different types of companies. In addition, the method 

was built under the premise of being fully consistent with ISO standards. 

                                                           

15The concept of counter footprint is based on the fact that even though it is desirable for companies and organizations to reduce their footprint by 

becoming more efficient and reducing their consumption, it is also positive for companies to invest in natural capital. Thus, natural capital investments 

reduce their footprint. In such a way, the index encourages the private sector to preserve natural areas, which is positive in terms of sustainability. 
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Another strength is that the MC3 approach has been recognized by the Spanish Observatory for Sustainability 

as a valid methodology for assessing and reducing GHG emissions arising from companies under the frame 

of the Spanish GHG Voluntary Reduction Agreement (Carballo-Penela et al., 2012). 

Regarding the weaknesses of this method, only CO2 emissions are calculated and other GHGs are not taken 

into account. In addition, regarding fuel consumption (direct emissions), the types of sources are not specified 

such as different stationary sources and mobile sources. As an another weakness, the emissions from the 

employees’ commuting and vessels (scope 3) are not taken into account. 

 

2.1.2. Ports of Long Beach and Los Angeles 

Since 2005, the ports of Long Beach and Los Angeles (San Pedro Bay Ports- SPBP, United States of 

America) have developed an annual Air Emissions Inventory (EI) report. In November 2006, the Ports took a 

joint action to improve air quality in the South Coast Air Basin by adopting the CAAP (Clean Air Action 

Plan), a plan aimed at significantly reducing the health risks posed by air pollution from port-related mobile 

sources, specifically ships, trains, trucks, terminal equipment and harbor craft, such as tugboats. In 2017, the 

San Pedro Bay Ports updated the CAAP targets for reductions in GHG emissions from port-related mobile 

sources (Ports of Long Beach and Los Angeles, 2016): 

 Reducing GHGs to 1990 levels by 2020  

 Reducing GHGs to 40% below 1990 levels by 2030  

 Reducing GHGs to 80% below 1990 levels by 2050 

- Boundaries  

The geographical boundary of the emissions includes the harbor district. For commercial marine vessels and 

harbor crafts, the domain lies within the harbor and up to overwater area bounded in the north by the southern 

Ventura County line at the coast, and in the south with the southern Orange county line at the coast. 

For rail locomotives and on-road trucks, the domain extends from the Port to the cargo’s first point of rest16 

within the South Coast Air Basin (SoCAB) or up to the SoCAB boundary, whichever comes first. The 

geographical boundaries for cargo handling equipment are the terminals and facilities in which they operate 

(Starcrest Consulting Group, 2019b) 

The baseline year of the inventories is 1990. The Ports GHG annual emissions inventories began in 2005 

therefore, the Ports do not know their GHG emissions from 1990. Thus, the Ports developed a methodology 

to estimate their 1990 GHG baseline emissions levels (Starcrest Consulting Group, 2019a). 

- Scopes 

The scopes are not defined.  

- Methodology  

The California Air Resources Board (CARB) is the only agency within California that estimated GHG 

emissions in 1990 for all energy sectors. However, CARB developed their GHG estimates only at state level, 

and more detailed allocations of GHG emissions at regional, county, or air district levels are not available. 

                                                           

16First point of rest (FPR) is the first official stop after the Carrier unloads the goods and hands over the 

custody/responsibility of the goods to the consignee (Association of European Vehicle Logistics, 2011). 
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Therefore, the ports have developed a methodology for establishing the ports’ baseline emission levels from 

available and credible sources of historical information. 

The information sources include the ports own emissions inventories, developed annually for the calendar 

years 2005 and 2017, and state-wide mobile emission source GHG estimates developed and published by 

CARB (Starcrest Consulting Group, 2019a) 

The methodology report contains five source categories: 

 Ocean-going vessel (OGV)  

 Harbor craft  

 Cargo handling equipment (CHE)  

 Locomotive  

 Heavy-duty vehicle (HDV)  

The reports also include estimates of carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) emitted 

from maritime industry-related tenant operational mobile sources. Only CO2eq values are presented in the 

reports because they include all three GHGs in an equivalent measure to CO2. The GHG emissions are 

presented in metric tonnes (Starcrest Consulting Group, 2019b) 

In the next subsection the emissions from different sources which were mentioned above are described in 

more detail (Starcrest Consulting Group, 2019b): 

 

 Emission estimation for OGVS 

Emissions are estimated from the following sources on board OGVs (Starcrest counsulting group, 2019b): 

 Propulsion systems or propulsion engines that move the ship through water. 

 Auxiliary power systems or auxiliary engines (diesel generators) that provide electricity during ship 

operations. 

 Auxiliary boilers that produce hot water and steam for use in the engine room and for crew amenities 

 

Incinerators are not included in the emission estimates because incinerators are not used within the study 

area. Interviews with the vessel operators and marine industry indicate that vessels do not use their 

incinerators while at berth or near coastal waters. 

 

Vessel activity data and the methods of estimating emissions are discussed below for propulsion engines, 

auxiliary engines and boilers. Equations 2.1 and 2.2 report the basic equations used in estimating emissions 

by mode (Starcrest counsulting group, 2019). 

𝑬𝒊= 𝑬𝒏𝒆𝒓𝒈𝒚𝒊× 𝑬𝑭×  𝑭𝑪𝑭× 𝑪𝑭                            (Equation 2.1) 

Where: 

Ei= Emissions by mode 

Energyi = Energy demand by mode calculated using Equation 2.2 below as the energy output of the engine(s) 

or boiler(s) over the period of time (kWh) 

EF = Emission Factor depends on engine type and fuel used (g/kWh) 

FCF = Fuel Correction Factors are used to adjust from a base fuel associated with the EF and the real fuel 

being used (dimensionless) 

CF = Control factor(s) for emission reduction technologies (dimensionless) 
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To calculate the Energy demand by mode (Energyi), the following equation is used: 

                       (Equation 2.2) 

Where: 

Energyi= Energy demand by mode (kWh) 

Loadi = It is the multiplication of Maximum Continuous Rated (MCR)* propulsion engine power (kilowatts) 

by the load factor (kW) calculated through Equation 2.3.This Load can be calculated for auxiliary engine(s) 

operational load by mode i(kW) or auxiliary boiler operational load by mode i (kW) 

Activityi = Time of activity for mode i (hours) (calculated using Equation 2.4) 

*MCR is defined as the manufacturer’s tested maximum engine power and it is used to determine propulsion 

engine load by mode, and it is the highest power available from a ship engine during average cargo and sea 

conditions. 

 

To calculate the Load Factor and the Activity, the following equations are used: 

 

𝑳oadi= (𝑺𝒑𝒆𝒆𝒅𝑨𝒄𝒕𝒖𝒂𝒍 / 𝑺𝒑𝒆𝒆𝒅𝑴𝒂𝒙𝒊𝒎𝒖𝒎)𝟑                     (Equation 2.3) 

Where: 

Loadi= Load Factor (dimensionless) 

Speed Actual = Actual speed (knots) 

Speed Maximum = Maximum speed (knots) 

 

𝑨𝒄𝒕𝒊𝒗𝒊𝒕𝒚 = 𝑫/𝑺𝒑𝒆𝒆𝒅𝑨𝒄𝒕𝒖𝒂𝒍                                                               (Equation 2.4) 

Where: 

Activity = Activity (hours) 

D = Distance (nautical miles) 

Speed Actual= Actual ship speed (knots) 

The reference for the GHG emission factors (EF) comes from Cooper & Gustafsson (2004). Fuel Correction 

Factors (FCF) for Ocean Going Vessels were obtained from CARB (Air Resources Board of California, 

2006). 

 

 Emission estimation for Harbor Crafts 

Harbor craft emissions are estimated for each engine individually, based on the engine’s model year, power 

rating, and annual hours of operation. The San Pedro Bay Ports harbor craft emission calculation 

methodology is similar to the methodology used by the CARB to estimate emissions for commercial harbor 

craft emissions operating in California. 

Emissions from the following sources are estimated for harbor craft (Starcrest counsulting group, 2019b): 

 Propulsion engines that move the harbor craft through water 

 Auxiliary Engines that provide power for electricity and other house loads 

The basic equation used to estimate emissions from harbor craft engines is shown below in Equation 2.5. 
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𝑬 = 𝑷𝒐𝒘𝒆𝒓×𝑨𝒄𝒕𝒊𝒗𝒊𝒕𝒚×𝑳𝑭×𝑬𝑭×𝑭𝑪𝑭×𝑪𝑭                          (Equation 2.5) 

Where: 

E = Emissions (grams/year) 

Power = Maximum rated power of the engine (hp or kW) 

Activity = Engine activity (hours/year). Power and activity information are obtained during the data 

acquisition process 

LF = Load Factor which is the ratio of average power used during normal operations as compared to 

maximum rated power (dimensionless). The engine load factors are obtained from CARB’s emission 

estimation methodology report 

EF = Emission Factor, grams of pollutant per unit of work (g/hph) or (g/kWh). Emission factors for CO2, 

CH4, and N2O are obtained from (Cooper & Gustafsson, 2004) 

FCF = Fuel Correction Factors are used to adjust EF associated with a base fuel to the fuel being used to 

reflect changes in fuel properties that have occurred over time (dimensionless). They are obtained from 

CARB. 

CF = Control factor to reflect changes in emissions due to the installation of emission reduction technologies 

not originally reflected in the emission factors (dimensionless)  

 

 Emission estimation for Cargo Handling Equipment (CHE) 

The emissions calculation methodology used to estimate CHE emissions is consistent with CARB’s latest 

methodology for estimating emissions from CHE. The basic equation used to estimate CHE emissions is as 

follows (Starcrest counsulting group, 2019b): 

𝑬 = 𝑷𝒐𝒘𝒆𝒓×𝑨𝒄𝒕𝒊𝒗𝒊𝒕𝒚×𝑳𝑭×𝑬𝑭×𝑭𝑪𝑭×𝑪𝑭                      (Equation 2.6) 

Where: 

E = Emissions (grams/year) 

Power = Maximum Rated Power of the engine (hp or kW) 

Activity = Equipment’s engine activity (hr/year) 

LF = Load Factor (ratio of average load used during normal operations as compared to full load at maximum 

rated horsepower) (dimensionless)  

EF = Emission Factor, grams of pollutant per unit of work (g/hph) or (g/kWh) 

FCF = Fuel Correction Factors which are used to adjust EF associated with a base fuel to the fuel being used 

to reflect changes in fuel properties that have occurred over time (dimensionless).They are obtained from 

CARB 

CF = Control Factor that reflects changes in emissions due to the installation of emission reduction 

technologies not originally reflected in the emission factors (dimensionless)  

 

 Emission estimation for Locomotives 

Railroad operations are typically described in terms of two different types of operations, line haul and 

switching. Line haul refers to the movement of cargo by train over long distances. These operations occur at 

or near the Port as the initiation or termination of a line haul trip, as cargo is either picked up for transport to 

destinations across the country or is dropped off for shipment overseas (Starcrest counsulting group, 2019b). 

Switching refers to short movements of rail cars, such as in the assembling and disassembling of trains at 

various locations in and around the Port, sorting of the cars of inbound cargo trains into contiguous 

“fragments” for subsequent delivery to terminals, and the short distance hauling of rail cargo within the Port. 
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Locomotives used for line haul operations are typically equipped with large, powerful engines of 4,400 hp or 

more, whereas switch engines are smaller, typically having one or more engines totaling 1,200 to 3,000 

hp(Starcrest counsulting group, 2019b). 

Emissions are estimated for locomotives operating in switching and line haul service, on-port and off-port. 

They are calculated using information provided by the railroads and the terminals, and from published 

information sources such as the "Emission Factors for Locomotives" and their Regulatory Support Document 

(RSD) from (EPA, 1997). 

Emissions from on-port switching company are based on the horsepower-hours of work calculated from their 

reported annual locomotive fuel use, emission factors from the EPA documents, and information published 

by the locomotive manufacturers. The calculations estimate the horsepower-hours worked by each 

locomotive based on fuel consumption in gallons per year and combine the horsepower-hour estimates with 

emission factors in terms of grams of emissions per horsepower-hour (g/hph) (Equation 2.7). Fuel usage is 

converted to horsepower-hours using conversion factors(the Figures are presented in Equation 2.8) that 

equate horsepower-hours to gallon of fuel (hph/gal) (Starcrest counsulting group, 2019b). 

𝑨𝒏𝒏𝒖𝒂𝒍𝒘𝒐𝒓𝒌 (𝒉𝒑-𝒉𝒓/𝒚𝒆𝒂𝒓) = 𝒈𝒂𝒍𝒍𝒐𝒏𝒔/𝒚𝒆𝒂𝒓×𝒉𝒑-𝒉𝒓/𝒈𝒂𝒍𝒍𝒐𝒏            (Equation 2.7) 

 

The calculation of emissions from horsepower-hours uses the following equation. 

 

               
Where: 

E = Emissions (tonnes per year) 

Annual work = Expressed inhph/yr 

EF = Emission Factor (grams pollutant per horsepower-hour)  

453.59 g/lb× 2,000 lb/ton= Conversion units 

 

 Emission estimation for Heavy Duty Vehicles (HDV) 

The two major geographical components of truck activities have been evaluated for this (Starcrest 

counsulting group, 2019b): 

 On-terminal operations, which include waiting for entering in to the terminal, transiting the terminal to 

drop off and/or pick up cargo, and departing the terminal. 

 On-road operations, consisting of travelling on public roads within the SoCAB. This also includes travel 

on public roads within the Ports’ boundaries and those of the adjacent San Pedro Bay Ports. 

Data for the HDV emission estimates came from three basic sources: port and terminal activity records, 

terminal contacts, and computer modeling of on-road HDV traffic volumes, distances, and speeds. 

A simplified equation for estimating the emissions from a fleet can be expressed as (Starcrest counsulting 

group, 2019b) 

𝑬 = 𝑨𝒄𝒕𝒊𝒗𝒊𝒕𝒚×𝑬𝑭                          (Equation 2.9) 

Where: 

E = Emissions (grams/year) 

(Equation 2.8) 
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Activity = Average number of miles driven per truck, hours of idle operation17 

EF = Emission Factor which is the amount of pollutant emitted per unit of activity (g/mile org/hour) 

The emission factors were obtained from the latest version of EMFAC18. This is a computer model developed 

by CARB to estimate emissions from on-road vehicles operating in California. The used version in this 

methodology is EMFAC2017. 

CARB makes available a web-based data base of model results that allows querying for emission factors 

stratified by speed and vehicle model year for individual air basins or for the state as a whole. The database 

query performed for the ports’ emissions inventories utilizes the South Coast Air Basin factors. The activity 

(miles and hours) and emission factors (g/mile and g/hour) are combined to estimate fleet emissions. 

It should be mentioned that in this method there are more formulae for different modes of transports and 

different speeds but as they are not related to the objectives of this thesis, they are not presented here. 

- Results 

Table 2.2 shows the results of GHG emissions from different sources in 2005, 2017 and its comparison to the 

baseline year (1990) established by the SPBP. As it can be seen, the total emissions estimated for the baseline 

year (1990) are 1.511.975tCO2eq. The total amount of emissions in 2005 and 2017 increased compared to the 

baseline year but the amount of emissions in 2017 decreased compared to 2005.This decrease could be 

explained by the establishment of the GHG emission reduction goals by the State of California in 2006 

(International Emissions Trading Association, 2014). The CAAP calls for reductions in GHG emissions from 

port-related mobile sources to 40% below 1990 levels by 2030, and 80% below 1990 levels by 2050. To meet 

these reductions, the ports will need to not overpass the value of 907,185 metric tonnes of CO2eq by 2030 and 

302,395 metric tonnes of CO2eq by 2050 (Starcrest Consulting group, 2019a). This is an important challenge 

for these ports. 

 
Table 2.2: SPBP CO2eq in Metric Tonnes  (Starcrest Consulting group, 2019a) 

Emission sources 
CO2eq, metric tonnes 

1990 2005 2017 

OGVs  260.691 682.438 513.763 

Harbour Craft 64.663 101.671 103.998 

CHE 467.844 238.331 288.738 

Locomotives 99.661 142.780 126.630 

HDV 619.116 856.316 686.781 

Total 1.511.975 2.021.536 1.719.910 

 

- Strengths and weaknesses  

The strength of this methodology lies in the well-developed calculation methods for each emission source. 

The main weakness of this method is that the calculation is not classified in scopes. Furthermore, the scope 2 

(emissions related to electricity consumption) is not taken into account. In addition, emissions from 

construction equipment, emissions from waste and emissions from stationary sources are not included in the 

calculation. Also, it is not clear if emissions from the employees’ commuting (scope 3) are included or not. 

 

                                                           

17An idle operation consumes fuel to keep the engine and its accessories running while the ship is still. Therefore, no usable power is produced to 

move. 

18 The Emission Factors (EMFAC) model is developed by the California Environmental Protection Agency. This model is used to calculate emission 

rates from all motor vehicles, such as passenger cars to heavy-duty trucks, operating on highways, freeways and local roads in California. 

https://openei.org/wiki/California_Environmental_Protection_Agency
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2.1.3. The Port of Oslo 

Port of Oslo (Norway) calculated the Carbon Footprint for the first time in 2007. The Carbon Footprint 

calculation in this port was developed based on the ISO14064-1 (ISO, 2006) standard that was previously 

explained in section 1.3 (Port of Oslo, 2008). 

- Boundaries  

The inventory of port of Oslo was developed for the calendar year 2008. In order to establish the 

organizational boundaries, the Port of Oslo chose the operational control approach (Port of Oslo, 2008), 

which collects and consolidates all data or information from assets which are operated by the company, 

whether for itself or by a joint venture19 (IPIECA, 2011). 

Under the operational control approach, the activities form the port of Oslo itself and its daughter company, 

HAV Eiendom AS20 were taken into account. HAV Eiendom AS company office is located in one of the 

buildings owned by the Oslo Port Authority. The only emission sources from the company are indirect 

emissions from electricity use for heating and lightening. The electricity use was taken into account in the 

estimates for electricity usage for buildings owned by Port of Oslo (Port of Oslo, 2008). 

- Scopes  

The Port of Oslo has calculated all direct and energy indirect emissions and a selection of other indirect 

emissions. The emission scopes are described below (Port of Oslo, 2008): 

 Scope 1 (Direct emissions): Activities resulting indirect emissions for the Port of Oslo are fuel usage for 

heating of buildings, by company owned cars, by operational vessels owned by Port of Oslo and by 

operational machines and cranes owned by Port of Oslo. The data provided for the analysis were from 

the Port of Oslo measuring system. Fuel consumption was based on accounting Figures related to the 

complete cost of fuel divided by the average cost of fuel in 2007. There was no oil consumption for 

heating, no combustion of biomass in operations controlled by the Port of Oslo and no export of energy 

from sites that were under the control of Port of Oslo in 2007. 

 Scope 2 (Energy indirect emissions): Activities resulting in energy indirect emissions by the Port of Oslo 

are electricity usage by cranes owned by Port, electricity usage for the purpose of harbor lightning, 

electricity usage for buildings owned by Port of Oslo (e.g. heating, lightning), electricity usage by 

lighthouses owned by Port and electricity usage from other sources in Port of Oslo.  

The electricity consumption was based on measurements. The Port of Oslo was able to distinguish 

between power consumption for cranes, lighting of the harbor and lighthouse. Electricity used for 

heating and lighting of buildings was assumed by the Port of Oslo based on the renting contracts and 

invoicing to companies renting out space in buildings. The emissions in the category “other sources” 

were calculated by subtracting the emissions in the other four categories from the total measured 

consumption which could include intake of power by ships (both owned by the Port of Oslo and other 

companies) as well as other possible power use. No heat or steam was imported by the Port of Oslo. 

 Scope 3 (Other indirect emissions): Activities resulting in other indirect emissions by the Port of Oslo 

are car diesel usage, car petrol usage and kilometers driven by train, public transport, motorcycle and by 

boat due to employees’ commuting. In addition, this scope also includes domestic business travel by 

                                                           

19The joint venture is used as a generic term for any operations or activities involving more than one party. 

20HAV Eiendom AS was founded in 2003. This company is responsible for the urban redevelopment of the Bjørvika area of Oslo, Norway.  
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plane (short-haul business travel and long-haul business travel), business travel by taxi and in non-

company-owned vehicles. The commuting distances estimates are extrapolated based on a survey done 

by Port of Oslo among its employees. The survey included 55% of the employees. 

- Methodology  

The Carbon Footprint of the Port of Oslo is developed based on the ISO14064-1 standard. This standard has 

been derived from GHG protocol. Both guidelines have been explained in section 1.3 of this thesis (WRI and 

WBSCD, 2004). 

- Results 

The results show that the total estimated CO2 emissions from the Port of Oslo activities are 1346 tCO2eq, 

excluding the terminal operators’ activities. The relatively low outcome, to a large extent, is due to the fact 

that Port of Oslo is being mainly driven by electricity based on hydropower, which is the major source of 

energy in Norway(Port of Oslo, 2008). Figure 2.4 shows CO2 emissions for the port of Oslo by scope. As it 

can be seen, scope 1 is the largest emission source (44%). Scope 2 is in the second position with 34% of the 

total emissions.  Business travel (scope 3) constitutes the smallest part of the Carbon Footprint (22%).   

 
Figure 2.4: CO2 emissions for port of Oslo by scope excluding terminal operators 

(Port of Oslo, 2008) 

 

- Strengths and weaknesses  

The strengths of this method are that it follows ISO 14064 standard that derives from GHG protocol and that 

includes almost all emission sources required by this standard (“direct emissions” and “energy indirect 

emissions”).  

The weakness of this method is that the Port of Oslo rents out a lot of space to other companies but cannot 

control their energy consumption. Therefore, the emissions resulting from energy use in rented out buildings 
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were excluded from the Carbon Footprint. Also, the emissions from the terminal operators activities were not 

calculated. In addition, emissions from waste operations such as incinerators were not taken into account. 

Another weakness of this method is that activity data were partly based on measurement and partly based on 

estimates. If data were not available, expert estimates were made both by the Port of Oslo employees and 

external experts. 

 

2.1.4. Climeport 

CLIMEPORT (Mediterranean Ports' Contribution to Climate Change Mitigation) is a European project that 

involved six ports committed with Climate Change Mitigation (2007-2013). These ports are: The Port 

Authority of Valencia (Spain), acting as leader of the project, alongside other port authorities like Algeciras 

Bay (Spain), Marseille (France), Livorno (Italy), Kopper (Slovenia) and Piraeus (Greece). 

The objective of this project was to provide a common methodology for port authorities and their 

collaborators in order to assess their initial situation related to GHG emissions. This methodology provided a 

way to collect and classify the available information, including questionnaires, invoice data to tenants, and 

other potential data sources in an ordered way (MED, 2012a). 

- Boundaries  

The boundaries include the six ports. As it can be seen in Figure 2.5, the GHG emissions from port activities 

and industries which are located in these ports are taken into account (Industries which are not highly related 

to marine transport are considered briefly). Concerning vessels, only the captive fleet is considered in detail 

and ocean-going vessels are taken into account when berthed in the harbor (MED, 2012a). List of aspects that 

are Included in this study are (MED, 2011): 

 Passenger terminals  

 Container and bulk terminals  

 Perishable goods terminals  

 Other port buildings 

 Transport related internal traffic  

 Berthed vessels   

 Road vehicles and vessels (port services) Captive fleets   

 Berthed and inner traffic of ships 

Figure 2.5 shows the boundaries of this project. 

 

 
Figure 2.5: Boundaries of the Climeport project (MED, 2012a) 
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- Scopes  

In this project scopes are classified in three levels (MED, 2011): 

 In-port emissions and sinks: Related to GHG emissions production or reduction due to equipment 

directly controlled inside the port community (vessels, vehicles, energy produced, etc.) 

 Outside port emissions and sink: Related to energy produced outside the port, as electricity, and 

waste treatment outside the port premises 

 Other emissions to be considered: Goods consumption and workers working travels 

- Methodology  

In this project a web based tool (ECO ABACUS software tool) was developed to calculate the Carbon 

Footprint in ports. The development of this tool was done using of ISO 14064 standard which has been 

described in section 1.3.3 (MED, 2011). 

In this study, emissions are estimated using the following equation (MED, 2011): 

Emissions =Energy Consumption x EF                      (Equation 2.10) 

Where: 

Emissions: Emissions of GHG (CO2eq/t) 

Energy Consumption: Consumption of fuel or electricity (kWh or Liter) 

EF: Emission Factor obtained from WPCI (WPCI, 2010) and IPCC (IPCC, 2006) 

 

The calculation of Carbon Footprint has been done by the equation 2.11(MED, 2012a): 

                   (Equation 2.11) 

-Results 

Figure 2.6 shows the total CO2- eq (Tone) of the six ports from Climeport projects. As it can be seen, 

Algeciras Bay (Spain) with 27% of emissions is the main emitter, port of Livorno (Italy) with 26% comes 

after that. Port of Marseille (France) with 17% occupies the third position and Valencia port (Spain) with 

16% is almost equal to the Port of Marseille and comes in the fourth position. The port of Piraeus (Greece) 

with 9% is in the fifth position and the port of Koper (Slovenia) is lower emitter with 5% (MED, 2012a) 

 
Figure 2.6: Total CO2- e (Tone) of the six ports from Climeport projects in 2008 (MED, 2012a) 

 

Figure 2.7 shows the Carbon Footprint of the six ports involved in the Climeport in 2008, which were 

calculated by the equation 2.11. As it can be seen, the highest Carbon Footprint value is for Livorno port, 

Marseille is in the second position and Kopert port occupies the third position. Valencia port, Algeciras Bay 

and Piraeus occupy fourth, fifth and sixth position respectively (MED, 2012a). 
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Figure 2.7:The Carbon foot print of the six ports at the Climeport in 2008 (MED, 2012a) 

 

- Strengths and weaknesses 

The strength of this method is that it is a web-based tool and it has been developed based on diverse methods 

(ISO 14064, WPCI and IPCC). However, the tool is not available. Another strength of this method is that 

there exist a user guideline that is freely available (MED, 2012b). In addition, the Climeport results have been 

quantified by means of dividing the total emissions by the total cargo (Goods managed by port), which is an 

accurate and useful indicator and easy to manage by any organization. 

A weakness of this method is that the tool is not available. In addition, scopes are not defined and emission 

sources are not clear.  

 

2.1.5. The port of San Diego 

The Climate Action Plan (CAP) was developed by the San Diego Unified Port District (United States of 

America) to identify policies and measures to reduce GHG emissions in 2013. The goals of the CAP are (Port 

of San Diego, 2013): 

 Reducing the 2006 GHG emissions level by 10% in 2020, 

 Reducing the 2006 GHG emissions level by 25% in2035. 

- Boundaries  

Regarding the establishment of the organizational boundaries, emissions from all tenants and activities at the 

Port were calculated. The GHG inventory for the Port included three sectors: Port Operations, Maritime 

Tenants and Non-Maritime Tenants (Hooven et al., 2011). 

The emissions inventory is limited to GHGs that are generated by activities in the port from a defined set of 

sources (e.g., transportation, electricity use, and waste) that can be readily monitored and reduced through 

port actions. The inventory of GHG emissions is broken down into the following six sectors (Port of San 

Diego, 2013): 

 Electricity consumption  

 Natural gas consumption  

 On road transportation 

 Off road transportation (e.g. Vessels and boats) 

 Water Use 

 Waste 
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The baseline year of the CAP is 2006. The 2020, 2035 and 2050 emissions are projected from the baseline 

year by estimating the emissions impacts of future development projects and projected increases in cargo and 

cruise activity. 

- Scopes  

The scopes are not defined. 

- Methodology  

The CAP is developed through five main steps which are (Port of San Diego, 2013): 

1. Measuring GHG emissions  

 Identifying GHG inventory 

 Quantifying major sources of GHG emissions 

 Providing the baseline  

2. Implementing strategies and measures to achieve GHG reduction targets 

3. Adapting Climate Change strategies  

4. Implementing CAP which includes a combination of regulations, programs, incentives, outreach, and 

educational activities 

5. Monitoring, Reporting and Updating CAP: The ongoing monitoring and reporting of GHG reduction 

impacts and their cost effectiveness will enable staff and the Board of Port Commissioners to make 

regular adjustments to the CAP. 

Figure 2.8 shows the primary purposes of CAP. As it can be seen, the first purpose of CAP is providing a 

road map to achieve GHG reduction targets. The second purpose is confirming to California laws and 

regulations. To implement the general plan is the CAP’s third purpose and its last purpose is providing 

CEQA tiering21 for new development’s GHG emissions. 

 
Figure 2.8: The primary purposes of CAP (The city of San Diego, 2015) 

 

- Results  

Table 2.3 and 2.4 are presented the results from 2006 (baseline year) until 2050. The 2020 Business As Usual 

(2020 BAU) scenario assumes that there will not be any adoption or implementation of new policies, plans, 

programs or regulations designed to reduce GHG emissions between now and 2020. Therefore, the 2020 

BAU is the worst-case scenario. Apart from this, three other scenarios are considered: 2020, 2035 and 2050. 

These scenarios take into account the expected reduction impacts resulting from the federally mandated 

                                                           

21The tiering mechanisms include existing plans and associated programmatic Environmental Impact Reports (EIRs) that addressed plan-level GHG 

emissions, as well as a specific “plan for the reduction of greenhouse gas emissions” that meets specified criteria (ASCENT, 2018). The tiering is 
related to the California Environmental Quality Act (CEQA) which is a California statute passed in 1970. CEQA generally requires state and local 

government agencies to inform decision makers and the public about the potential environmental impacts of proposed projects, and to reduce those 

environmental impacts to a feasible extent.  
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higher vehicle fuel efficiency standards22. In addition, these scenarios also consider that the state mandate 

will increases the percentage of renewable energy provided by public utility companies (Port of San Diego, 2013). 

As it can be seen in Table 2.3 in all scenarios the greatest amount of emissions is due to ‘On road 

transportation’. ‘Off road transportation’ occupies the second position. ‘Electricity’ and ‘Natural gas 

consumption’ come after that respectively. In addition, both ‘Electricity’ and ‘On road transportation’ 

emissions are decreasing significantly in 2020 compared to 2020 BAU scenario due to the major GHG 

reduction impacts of the previously mentioned state and federal regulations. If the CAP measures are 

implemented and the estimated reductions are achieved, the Port will meet its GHG reduction goal of 10% 

less than the 2006 baseline levels by 2020. However, without the CAP measures, the amount of emissions 

from ‘Off road transportation’ will increase due to the raise up the traffic in this category (Port of San Diego, 2013). 

 

Table 2.3: GHG emissions scenarios by sector (Metric Tonnes “MT” of CO2 equivalent per year) 

 (Port of San Diego, 2013)  

SECTOR 2006 2020 BAU** 2020* 2035* 2050* 

Electricity 173,192 208,231 147,133 147,133 147,133 

Natural Gas 135,516 152,803 152,534 152,534 152,534 

On road transportation 314,870 410,069 317,708 310,506 310,646 

Off road transportation (e.g. Vessels and boats) 172,929 233,528 207,268 266,158 288,470 

Water Use 13,166 14,630 10,406 10,406 10,406 

Waste 16,757 20,439 20,439 20,439 20,439 

Total 826,429 1,039,700 855,489 907,177 929,629 
*Includes reduction impacts of known state and federal regulation. 

** Business As Usual scenario assumes no new policies, plans, programs or regulations designed to reduce GHG emissions. 

 

To meet the aforementioned Port’s reduction goal, the Port’s CAP includes a wide range of GHG reduction 

measures that have the potential to reduce GHG emissions from the projected 2020 scenario total of 855,489 

(Table2.4) to 745,695 MT CO2eq/yr. Given that 524.976 MT of the 2020 emissions are from the 

transportation sector and 299.667 MT from the electricity and natural gas sector, the CAP implementation 

strategy must focus on these sectors in order to achieve the Port’s reduction goals (Port of San Diego, 2013). 

 
Table 2.4: GHG reduction targets - 2020 Climate Action Plan 

(Metric Tonnes “MT” of CO2 equivalent per year)(Port of San Diego, 2013) 

TARGETS  2006 2020 BAU** 2020* 2020 CAP*** 

Electricity and Natural Gas 308.707 361.034 299.667 255.873 

Transportation: Off road and On road 487.799 643.597 524.976 462.766 

Water Use 13.166 14.603 10.406 9.759 

Waste 16.757 20.439 20.439 17.296 

Total 826.429 1.039.700 855.489 745.695 
* Includes reduction impacts of known state and federal regulation. 

** Business As Usual scenario assumes no new policies, plans, programs or regulations designed to reduce GHG emissions. 
*** This column does not include the small 35 MT CO2eq/yr GHG reduction resulting from measures that increase carbon capture and 

sequestration on Port owned lands. 

 

                                                           

22The Trump Administration announced, on April 2, 2018, its intent to revise through rule making the federal standards that regulate fuel economy and 

greenhouse gas (GHG) emissions from new passenger cars and light trucks. These standards include the Corporate Average Fuel Economy (CAFE) 

standards promulgated by the U.S. Department of Transportation’s National Highway Traffic Safety Administration (NHTSA) and the Light-Duty 

Vehicle GHG emissions standards promulgated by the U.S. Environmental Protection Agency (EPA). They are known collectively- along with 
California’s Advanced Clean Car program—as the National Program (Congressional research service, 2019). 
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- Strengths and weaknesses  

One of the strengths of this method is that the CAP can be used for environmental review of future projects as 

it includes elements for a GHG Emission Reduction Plan specified in current CEQA Guidelines. In addition, 

by using this method track progress towards State regulations is possible. Moreover, to evaluate the CAP’s 

GHG measures, the Port will conduct performance assessments of each implemented reduction measure and 

track and monitor overall progress toward the CAP’s 2020 and 2035 GHG reduction goals (Port of San 

Diego, 2013). Also, by adapting CAP, key vulnerabilities within the Port will be evaluated and prioritized. 

Another strength of this method is that emissions from all tenants and activities at the Port were calculated. 

A weakness of this method is the fact that CAP is adopted from City’s Climate Action Plan and therefore, it 

is not specific for ports. There are many aspects that are unique to Ports compared to cities or counties. For 

example, the Port does not have authority over many of the sources that are responsible for its GHG 

emissions in the same way that a city or county might have control over similar sources. 

Another weakness is that explanation about the formulae and methods which are used for calculation GHG 

gases are not given. In addition, the scopes are not specified and it is not clear if the calculation of emission 

from the employees’ commuting is included in on-road transportation or not. Moreover, based on the sources, 

emissions from natural gas consumption are not specified and it is not mentioned if the emissions from cargo 

handling equipment and construction equipment are calculated or not. 

 

2.1.6. The Port of Rotterdam 

The Port of Rotterdam (The Netherlands) is gradually becoming CO2 neutral by the purchase of Gold 

Standard emission allowances23. The aim of this port is to come in line with the Paris Climate Agreement 

objectives. The port-based companies are encouraged to report their Carbon Footprint and the Port of 

Rotterdam Authority takes steps to reduce its own CO2 emissions as well. The Port of Rotterdam Authority is 

trying to reduce CO2emissions by the use of renewable energy, fuel saving measures for patrol vessels and 

electric lease cars for employees (Port of Rotterdam authority, 2013). 

- Boundaries  

The boundaries of the study include the Port of Rotterdam Authority and port-based companies. 

- Scopes  

CO2 footprint calculation has been done within the three scopes (Port of Rotterdam authority, 2013): 

 Scope 1: The fuel consumption of vessels and vehicles and the use of gas in buildings owned or rented 

 Scope 2: Electricity consumption by operations and structures managed by the Port Authority, such as 

bridges and public lighting 

 Scope 3: CO2 emissions resulting from business flights and the employees’ commuting 

- Methodology  

The methodology is not presented. 

 

 

                                                           

23Gold Standard emission allowance is an initiative that was established in 2003 by the World Wide Fund for Nature (WWF) and other international 

NGOs to ensure that the projects reduce carbon emissions under the UN’s Clean Development Mechanism. 
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- Results 

Over the period of five years, CO2 emissions have fallen by 10%. The greatest contribution to this reduction 

comes from operational ships like patrol vessels that have reduced their fuel consumption. Electric lease 

vehicles also make a positive contribution. The Port Authority also stimulates businesses in the port to deal 

with the CO2 emissions (Port of Rotterdam authority, 2013). 

In 2017 the total CO2 emissions in the port were 33.1 MT of CO2. Table 2.5 shows the total CO2 emissions by 

industry based in the port (Port of Rotterdam, 2017). 

 
Table 2.5: Total CO2 emissions by industry based in the port in 2017 (MTofCO2) 

(Port of Rotterdam, 2017)  
Industry CO2emission 

Refineries 8.5 

Coal powered plants 10.7 

Gas power plants 3.9 

Waste processing 1.6 

Other industries 0.4 

Producers of industrial gases 3.0 

Chemical companies 5.0 

Total 33.1 

The Wuppertal Institute24 was commissioned by the Port Authority to conduct further research in calculating 

and controlling CO2 emissions from transport and logistics sector in 2018. Emissions from all shipping by sea 

and towards the hinterland with the Port of Rotterdam as departure or end destination were calculated. 

As it can be seen in Table 2.6, the emission of CO2 is 25 million tonnes per year. The majority (87%) can be 

attributed to marine transport. If nothing is done, it is expected that CO2 emissions from shipping will 

increase between 50% and 250% by 2050 (Port of Rotterdam, 2017). 

 

Table 2.6: CO2 emission from transport and logistics sector in 2018 (Port of Rotterdam, 2017) 

Sector CO2 emissions Per year (%MT) 

Maritime transport  87% 

Inland transport  9% 

Berthed ships 2% 

Container handling  1% 

Other 1% 

Total 25 MT of CO2 

- Strengths and weaknesses 

One of the strengths of this method is that emissions from maritime transport and berthed ships are taken into 

account. In addition, scopes are defined and classified separately; however, the results are not presented by 

scope and the emissions from tenants are not taken into account. Another weakness is that the methodology 

of calculation is not given. In addition, it is not mentioned if the emissions from cargo handling equipment 

and constructional equipment are calculated or not. Moreover, it is not clear if all the GHG emissions are 

included in the calculation or only CO2 emissions are calculated. 

 

 

 

                                                           

24The Wuppertal Institute was founded in 1991. It undertakes research and develops models, strategies and instruments for transitions to sustainable 

development at local, national and international levels. Sustainability research at the Wuppertal Institute focuses on the resources, climate, and energy 

related challenges and their relation to economy and society.    
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2.1.7. The Port of Stockholm 

Since 2012 Port of Stockholm (Sweden) has reported sustainability issue according to GRI (Global Reporting 

Initiative). The explanation of this initiative is presented in section 1.1 of this thesis (port of stockholm, 

2017). 

- Boundaries  

The boundaries include a total of 14 km of quays and 1,100,000 m2 of land at its three ports, Kapellskär, 

Stockholm and Nynäshamn. The company also administers around 80 buildings located close to the ports and 

the emissions related to them are calculated in scope 3 (Port of Stockholm, 2017). 

- Scopes  

The port of Stockholm has reported GHG emissions according to GRI in 3 scopes (port of stockholm, 2017): 

 Scope 1 (Direct GHG emissions): Emissions from Vehicle fuel consumption, electricity and heating 

production 

 Scope 2 (Indirect GHG emissions): Emissions from District heating, Town gas, District cooling, 

Property electricity, Operational electricity and emissions from Tenant electricity and vessels electricity 

consumption 

 Scope 3 (Other indirect GHG emissions): Emissions from Business air travel and vessels within port 

areas 

- Methodology  

Emissions of GHG are calculated with WTW (Well To Wheel) system, which is based on a fuel-cycle model 

developed by Argonne National Laboratory (ANL)25. A WTW analysis includes many activities related to the 

production and transportation of feedstocks and fuels(Brinkman et al., 2005). The details of this method are 

not presented. 

- Results 

Emissions of GHG are reported as carbon dioxide equivalents. The gases that are included are CO2, CH4 and 

N2O. Table 2.7 shows direct GHG emissions. As it can be seen, in 2017 direct emissions of GHG have 

decreased compared to 2016. This is due to a transition to a truck fuel containing HVO (Hydro treated 

Vegetable Oil), or in other words a fuel with higher renewable content than the previous ones (Port of 

Stockholm, 2017). 

 
Table 2.7: Direct GHG emissions (scope 1) (Port of Stockholm, 2017) 

Source Fuel type Tonnes CO2-eq 2015 Tonnes CO2-eq 2016 Tonnes CO2-eq 2017 

Fuel Vehicle fuel 773 881 863 

Own electricity production Solar cells 0 0 0 

Own heating production Oil (boiler) 40 39 30 

Total 813 920 893 

 

Table 2.8 shows Indirect GHG emissions. The internal energy usage in 2017 is lower when comparing to 

2016 and 2015 which results in lower CO2-eq (Ports of Stockholm, 2017). However, the external emissions 

have increased in the last years. 

 

                                                           

25Argonne National Laboratory was founded in 1942, is a science and engineering research national laboratory operated by the University of Chicago 

Argonne for the United States Department of Energy. It is the largest national laboratory by size and scope in the Midwest. 
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Table 2.8: Indirect GHG emissions (scope 2) (Port of Stockholm, 2017) 

Source Fuel type Tonnes CO2-eq 2015 Tonnes CO2-eq 2016 Tonnes CO2-eq 2017 

Heating  
District heating 589 529 440 

Town gas 0.14 35 32 

Cooling  District cooling 0 0 0 

Electricity Property electricity 54 65 83 

 Operational electricity 82 106 75 

Total internal 725 734 630 

Tenant electricity 57 58 61 

Vessel electricity 74 79 93 

Total external 131 137 154 

 

Table 2.9 shows other indirect GHG emissions. For the Ports of Stockholm, this is an important statistic as 

the environmental impact from vessel emissions is very important. Vessel emissions are classified as other 

indirect emissions. 

Emissions of GHG from vessels in port areas have increased in 2017. A likely reason is that a higher number 

of the vessels have remained in port longer and have had more powerful engines than in previous years. 

Although the amount of business air travel varies from year to year depending on need, the amount of 

emissions decreased in 2017 compared to 2016. According to the Ports of Stockholm guidelines, business 

travel should be done by train whenever possible. Information regarding business air travel is sourced from 

the travel agencies entrusted (Port of Stockholm, 2017). 

 

Table 2.9:Other indirect GHG emissions (scope 3) (Port of Stockholm, 2017) 
Source Tonnes CO2-eq 2015 Tonnes CO2-eq 2016 Tonnes CO2-eq 2017 

Business air travel 74 96 88 

Total internal 74 96 88 

Emissions from vessels within port areas 98,384 98,203 104,000 

Total external 98,384 98,203 104,000 

- Strengths and weaknesses 

The strength of this method is that all emission sources “direct emissions” and “indirect emissions” are taken 

into account.  

The main weakness of this study is that the details of the methodology are not presented. In addition, in the 

direct emissions from the fuel it is not specified what kind of sources are included such as truck, harbor craft, 

power plants and ext. Concerning the employees’ commuting, only emissions from air travel are calculated. 

Emissions from waste operations such as incinerator are not taken into account. 

 

2.1.8. The port of Gothenburg 

The Port of Gothenburg (Sweden) is trying to contribute to sustainable transports by minimizing the 

environmental impact of shipping. Climate and air quality issues are at the top of its agenda. The Port 

Authority is climate-neutral and is working on an efficient environmental discount for ships, as well as 

increasing the onshore power supply (OPS). In 2000, the Port of Gothenburg was the first port to introduce a 

high-voltage onshore power supply for cargo vessels. Since 2012, this port calculates the 3 scopes of Carbon 

Footprint and reports them at the annual sustainability report (Port of Gothenburg, 2018). 

- Boundaries  

The boundaries of the study consist of the port authority and port tenants. The baseline year of the study is 

2010. 
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- Scopes 

The Port of Gothenburg has calculated all direct and indirect emissions considering the 3 scopes according to 

GHG protocol. The emission scopes are described below (Port of Gothenburg, 2018): 

 Scope 1: It includes working vessels, production vehicles, heating of buildings and fire pumps 

 Scope 2: It includes electricity and district heating used in buildings, street lights and the heating of 

pipes in the Energy Port 

 Scope 3: It includes commercial vessel operations within Gothenburg municipality, some terminal 

companies: APM Terminals Gothenburg AB, Gothenburg Ro/Ro Terminal AB, and Logent Ports & 

Terminals AB as well as loading of petrol to vessels in the Energy Port and the emissions from the 

Gothenburg Port Authority’s business travels 

- Methodology  

GHG Protocol (WRI and WBSCD, 2004) was used to calculated Carbon Footprint in this port. This protocol 

was already presented in section 1.3.2 of this thesis.  In scope 1, the data were obtained from the consumption 

Figures. Emissions factors for fuels and gas heating were obtained from suppliers. In scope 2, the data were 

obtained from the consumption Figures and emissions factors provided by Göteborg Energi (Port of 

Gothenburg, 2018). 

In scope 3 the information on business travel was provided by the company's travel agency. Emissions from 

air travel were calculated for 2017 using the tool Atmosfair26. Emissions from shipping were calculated by 

IVL27 in a study from Cooper & Gustafsson (2004). In this study, the source for the greenhouse gas emission 

factors based on call statistics are presented (Port of Gothenburg, 2018). 

- Results 

Table2.10 presents the results of GHG emissions in the port of Gothenburg in tonnes of carbon dioxide 

equivalents. As it can be seen, scope 1 GHG emissions have a decreasing trend from 2014 to 2018 compared 

to the baseline year. GHG emissions of scope 2 from 2014 to 2017 have also a decreasing trend, but in 2018 

there is a slight growth. The GHG emissions due to scope 3 in 2018 increased compared to 2015, 2017 and 

the baseline year. 

 
Table 2.10: The results of GHG emissions in the port of Gothenburg (tCO2/year) 

(Port of Gothenburg, 2018) 

Scopes 
Baseline 

year (2010) 
2014 2015 2016 2017 2018 

Scope 1 590 380 160 220 240 220 

Scope 2 150 200 170 35 20 22 

Scope 3 900 * 169,000 187,000 177,000 178,000 

* IVL's calculation model was updated in 2018 with an improved methodology. Therefore, the results from 2015-2017 have been 

recalculated for comparability. Since 2014Figures have not been recalculated, they are not reported. 

 

 

                                                           

26Atmosfair is an independent German non-profit organization founded in 2005. It offers offsets for GHG emitted by aircraft, cruise ships, long-

distance coaches, and events. Atmosfair has developed an emission calculator that calculates the different GHG emitted when travelling and translates 
them into a corresponding amount of CO2 based on their climate impact. 

27IVL is the Swedish Environmental Research Institute. It is Sweden’s first and oldest environmental research institute Founded jointly by the Swedish 

government and the Swedish business sector in 1966. 
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- Strengths and weaknesses  

Although in this study the calculation has been done based on a standard method and all scopes are taken into 

account, the detail of methodology is not presented.  

In addition, the emissions from cargo handling equipment and construction equipment are not included in the 

calculation. Another weakness of this method is that emissions from waste are not included in the footprint. 

 

2.1.9. The Port of Barcelona 

The Port Authority of Barcelona (Spain) has joined the Voluntary Agreements to reduce GHG emissions 

promoted by the Catalan Climate Change Office (CCCO)28. By signing this agreement in 2012, the Port 

committed to gradually reducing its direct and indirect emissions (Port of Barcelona, 2013). 

- Boundaries  

The boundaries of this study include the Port Authority of Barcelona. Emissions from tenants are not taken 

into account. 

- Scopes  

By joining the Voluntary Agreements to reduce GHG emissions promoted by CCCO, the port of Barcelona 

committed to reduce direct and indirect emissions in 2 scopes (Port of Barcelona, 2013): 

 Direct Emission (Scope 1): Fuel consumption of its fleet of 120 vehicles, two boats, certain generators 

and Air Conditioner Energy consumption 

 Indirect Emission (Scope 2): Electricity consumption  

- Methodology  

The methodology is not presented. 

- Results 

Table 2.11 shows the Direct and Indirect emissions in the Port of Barcelona. As it can be seen, emissions 

from energy consumption from fossil fuels and transport (direct emissions) are almost equal and indirect 

emissions (scope 2) in this port are 3 times more than direct emission. 

 
Table 2.11: Direct and Indirect emission from GHG (tonnes of CO2-eq) in the port of Barcelona in 2013 (Port of 

Barcelona, 2013) 

Direct emissions from GHG (tonnes of CO2-eq) Indirect emissions from GHG (tonnes of CO2-eq) 

Energy consumption Fossil fuel 254.50 

Energy Consumption 

Electricity 1.604.19 

Transport 
Road 248.35 Acquired heat, 

steam or cold 
0 

Rail 0 

Fugitive fluorinated gas emission 0 
Total  

 
1.604.19 

Total 502.85 

- Strengths and weaknesses 

An attempt to calculate CO2 emissions in the Port Authority is done. However, the methodology is not 

explained. In addition, scope 3 (emissions from tenant and employees’ commuting) is not taken into account. 

Emissions from energy consumption are not classified on sources and it is not clear which sources are 

                                                           

28The Catalan Office for Climate Change (OCCC) is the technical instrument of the Catalan Government to promote and coordinate mitigation plans 

and Climate Change strategies in Catalonia based on European commitments.  
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included and which ones are not. Moreover, emissions from vessels, waste operations and employees’ 

commuting are not calculated. 

 

2.1.10. Ports de la Generalitat 

Ports de la Generalitat is a public company founded in 1998 which belongs to the Territory and Sustainability 

Department of the Catalan Government. It manages 26 ports (commercial, industrial and fishing ports) in the 

Catalonia region in Spain. Since 2012 they have joined the Voluntary Agreements Program for the reduction 

of GHG emissions (Ports de la Generalitat, 2018). In this regard, they started to calculate GHG emissions 

every year using the aforementioned tool developed by the Catalan Office for Climate Change (OCCC) in 

section 1.3.5. 

- Boundaries  

The boundaries include the 26 ports along the Catalonia coast.  These ports are divided in three areas: North, 

Central and South areas. 

- Scopes  

Three following scopes were taken into account (Ports de la Generalitat, 2018): 

 Scope 1 (Direct emissions): Energy consumption and transportation 

 Scope 2 (Indirect emissions): Electricity consumption 

 Scope 3 (Other indirect emissions): Water consumption 

- Methodology  

The GHG calculation excel tool, which has been developed by OCCC is used in this study. This tool is used 

to calculate emissions associated with energy consumption in both stationary facilities and transport, fugitive 

emissions from fluorinated gases, emissions from municipal waste management and emissions produced by 

water consumption from urban networks. This tool is Excel based and free available (OCCC, 2019).  

- Results 

Table 2.12 shows the results of the GHG emissions in these ports from 2015 to 2018 (Ports de la Generalitat, 

2018). As it can be seen, the emissions for 3 scopes are calculated. The total amount of emissions has 

decreased from 2015 to 2018. There is only a slight increase from 2016 to 2017 which is related to the 

increase of emissions of scope 1 and 2. 

 
Table 2.12: The result of the GHG emission in the ports from 2015 to 2018 (tonnes CO2eq) 

(Ports de la Generalitat, 2018) 

Emission sources  2015 2016 2017 2018 

Scope 1 (Transportation) 36,91922 34,08013 36,46624 36,86002 

Scope 2 (Electricity consumption) 518,43818 435,06094 448,87869 315,60970 

Scope 3 (Water consumption) 9,21812 9,8331 8,30132 10,41299 

Total tonnes CO2eq 564,57552 478,97420 493,64625 362,88271 

- Strengths and weaknesses 

The strength of this method is that the calculation has been done by the use of Excel based tool which has 

been developed based on standard methods and it is available for free. In addition, all GHG are taken in to 

account. 

The weakness of this study is that emissions from scope 3, recommended by the international guidelines, are 

not calculated. Only the emissions from water consumption are taken into account in scope 3. In addition, this 
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tool is not port specific. 

 

2.1.11. The Port of Chennai 

The Port of Chennai is one of the major ports in India situated on the Coram and el coast with a handling 

capacity of 86.04 million tonnes (Mt) per annum. In a research by Misra et al (2017) the GHG emissions of 

this port for the year 2014-2015 have been calculated.  

- Boundaries  

The boundary of GHG emissions in the Port of Chennai include the various facilities of the port along with 

the housing colony and fishing harbor which come under the management of the Port of Chennai (Misra et 

al., 2017). 

- Scopes  

The calculation of different sources has been done using scopes 1 and 2 (Misra et al., 2017): 

Scope 1: Emissions from the utilization of diesel for transportation and operation of port-owned fleet vehicles 

(tugs, dredgers, and pilot and mooring launches), emissions due to merchant vessel operation inside the port, 

electricity generation through diesel generators and material-handling equipment such as cranes and forklift 

trucks. Also, the emissions from the fishing harbor and housing colony which fall under the management of 

the Port of Chennai were accounted under scope 1 emissions. 

Scope 2: Emissions due to the purchased electricity for the operation of port-owned equipment such as 

cranes, pumps, reefer (refrigerated vessels) containers and machinery in the workshop, and for building air 

conditioning, lighting and other uses. Also, the emissions due to electricity consumption in the housing 

colony were considered in this scope. 

- Methodology  

The Carbon Footprint of the Port of Chennai was estimated for the year 2014-2015 based on the WPCI 

guidance document (WPCI, 2010). The following emissions from different sources are calculated in this port 

(Misra et al., 2017): 

 Emissions from diesel consumption 

 Emissions from merchant vessels 

 Emissions from on-road vehicles 

 Emissions from diesel consumption 

The emissions due to diesel consumption were estimated using Equation (2.12) (Misra et al., 2017): 

                          (Equation 2.12) 

Where: 

n: The number of diesel consuming equipment 

Diesel consumption: The amount of diesel consumption (L/year) 

EF: The emission factor for diesel consumption is considered to be 2.68 kg of CO2eq/L of diesel. The 

CO2eqemission factor comes from adding the emission from CO2 (2.67 kg of CO2/L of diesel), CH4 

(0.000183 kg of CH4/L of diesel) and N2O (0.00435 kg of N2O/L of diesel) 
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 Emissions from merchant vessels 

GHG emissions from merchant vessels were calculated based on the guidelines proposed by WPCI (2010). In 

this inventory, the emissions arising out of sea transit are not considered and only the emissions from 

maneuvering and berth hoteling within the boundary of the Port of Chennai are taken into consideration. 

Also, anchorage hoteling is not considered as hardly any merchant vessel is subjected to anchorage hoteling 

in the Port of Chennai. The maneuvering phase include the emissions from the main engine and from 

auxiliary engines and boilers. The emissions from the main vessel engine are estimated based on Equation 

(2.13) (Misra et al., 2017): 

(Equation 2.13) 

Where: 

n: The number of merchant vessels 

MCR: The engine’s maximum continuous rated power in Kw. The main vessel MCR are obtained based on 

the world fleet averages from WPCI(2010) 

LF: The Load Factor which is the ratio of the engine’s power output at a given speed to the engine’s MCR 

power, estimated based on the propeller law and the respective equation is presented in Equation 2.14 

Operating: The operating time or maneuvering time (hours) is taken as the sum of pre-berth time and outward 

navigation time and these data are obtained from the Chennai port authorities. It is assumed that the average 

manufacturing year of the merchant vessels that visited the Port of Chennai in the financial year 2014–2015 is 

2000 or newer, and the propulsion type is the medium-speed direct drive. Vessels are assumed to operate 

their main engines on residual oil (RO) which is an intermediate fuel oil or one with similar specific actions, 

with an average sulfur content of 2.7% 

EF: The GHG emission factor based on the above assumptions is 0.69 kg CO2 e/kWh, based on a study from 

Cooper and Gustafsson (Cooper & Gustafsson, 2004) 

 

To calculate the Load Factor parameter, the following equation is used: 

LF= (Maneuverings speed/Ship maximum speed)3                        (Equation 2.14) 

Where: 

Maneuverings speed: The maneuvering speed of merchant vessels within the boundary of the Port of Chennai 

is taken to be 4 knots 

Ship maximum speed: Maximum speed are obtained based on the world fleet averages from the WPCI 

guidelines (WPCI, 2010) 

 

The emissions from the vessels’ auxiliary engine and boiler during the maneuvering phase are estimated 

using Equation (2.15). The details of the auxiliary engine and boiler capacity are obtained from the Port of 

Los Angeles (2012) inventory of air emissions (Misra et al., 2017): 

(Equation 2.15) 

Where: 

i: Corresponds to auxiliary engine or boiler in operation 

n: The number of AS in operation  

AS: Auxiliary System (engine or boiler capacity) in Kw 

Act: The operating/maneuvering time (hours). The maneuvering time is the same as that used for estimating 

GHG emission from the main engine during maneuvering 
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EF: Emission Factor for the auxiliary engine is 692.8 g CO2eq/kWh and for the boiler is 994.8 g CO2eq/kWh, 

based on WPCI guidance document (WPCI, 2010) and Cooper and Gustafsson (Cooper & Gustafsson, 2004). 

 Emissions from on-road vehicles 

Emissions from on-road vehicles include the emissions from trucks as the major part. GHG emissions are 

estimated by Equation (2.16). For heavy-duty vehicles such as trucks, the emission factor during the idle time 

is taken to be 4.65 kgCO2eq/h, and during the on-terminal running activity, it is taken to be 1.02 kgCO2eq/km 

(Misra et al., 2017). 

                                          (Equation 2.16) 

Where: 

i: The counter for vehicles  

n: The number of vehicles 

Act: The operating time (hours) 

EF: Emission Factor (kgCO2eq/h or kgCO2eq/km) 

Other emissions based on scope 1 sources such as vehicles used for employees transportation and LPG 

(Liquefied Petroleum Gas) consumption in the housing colony were calculated based on Equation 2.16, and 

the emission factors for different fuels used are obtained from WPCI (WPCI, 2010). 

The scope 2 emissions estimation (emission from electricity consumption) was calculated by Equation 2.17. 

The emission factor for end user consumption was found to be 1.13 kg CO2e/kWh. 

Emission=Electrical Energy Consumption × EF              (Equation 2.17) 

Where: 

Electrical Energy Consumption (kWh)  

EF: Emission Factor (kg CO2eq/kWh)        

- Results 

Table 2.13 shows total GHG emissions through fuel consumption by different sources under scope 1. The 

total amount of emissions for this scope is 249,656 t/year. As it can be observed from this Table, merchant 

vessels contribute62.3% of the total scope 1 GHG emissions, followed by fishing harbor activities (28.06%), 

crane operations in container terminals 1 and 2 (4.02%), port-owned vehicles (2.76%) and third-party user 

trucks/vehicles (2.54%). Other scope 1 emissions such as petrol usage in the housing colony and LPG 

consumption were insignificant in comparison with other source-based emissions (Misra et al., 2017). 

Table 2.13: Total GHG emissions through fuel consumption by port owned vehicles, port users and port tenant 

under scope 1 (Misra et al., 2017) 

Source of emissions 
GHG emissions 

(tonnes/yr) 

GHG emissions 

(%) 

Merchant vessels 155,623 62.3 

Fishing harbour 70,069 28.06 

Crane operation in container terminals 1 and 2 10,050 4.02 

Port-owned vehicles 6896 2.76 

Trucks  6343 2.54 

Other port users 20 0.008 

Petrol usage 17.3 0.069 

LPG consumption 637.7 2.55 

Total 249,656 

Figure 2.9 illustrate overall GHG emissions at the Port of Chennai. As it can be seen, the total emissions from 
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scope 1 and scope 2 are 280,558 t/yr. The total emissions from scope 1 are 249.656 t/yr. In the scope 1, Port 

tenants emit 242,760 t/yr and port owned vehicles and activities emit 6,896 t/yr. As it can be observed, most 

part of the emission in this scope is for the tenants. The total emissions from scope 2 (electricity 

consumption) is 30.902 t/ yr. Port tenants emit 24,513 t/yr and port owned vehicles and activities emit 6,389 

t/yr (Misra et al., 2017). 

 

 
Figure 2.9: Overall GHG emissions at the Port of Chennai (Misra et al., 2017) 

 

-Strengths and weaknesses 

The strength of this method is that the calculation has been done based on a standard method. The weakness 

of this method is, although many of the emission sources are taken into account, the scopes are not classified 

based on the WPCI guidance document. As it can be seen in Figure 2.9, emissions from the tenants are 

calculated within scope 1, which they should be calculated in scope 3, according to WPCI (WPCI, 2010). In 

addition, emissions from waste are not calculated and emissions from employees’ commuting (Scope 3) are 

also not considered. 

 

2.1.12. The Port Authority of Ferrol – San Cibrao 

In 2007, the Port Authority of the Ferrol – San Cibrao (Spain) implemented its Environmental sustainability 

plan. In 2016, the Ferrol – San Cibrao Port Authority started to monitor its environmental aspects through the 

Integrated Quality and Environmental Management System. Within this frame, GHG emissions were 

calculated by the use of the Ecological Transition Ministry (MITECO) of the Spanish government tool 

(Puerto de Ferrol, 2017). 

- Boundaries  

The boundary of the study includes just the Port Authority of the Ferrol – San Cibrao. The tenants are 

excluded from the calculation boundary.  

- Scopes 

The Port Authority has calculated emissions of scope 1 and scope 2. Its definition of the scopes is described 

below (Puerto de Ferrol, 2017): 

 Scope 1 (Direct emissions): Emissions of this scope include diesel consumption for heating and 

diesel and gasoline consumption for transportation. 

 Scope 2 (Indirect emissions): Emissions of this scope include the emissions from electricity 

consumption. 
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- Methodology  

In order to calculate GHG emissions in this port, the MITECO tool of the Spanish government has been used. 

This tool has been explained in section 1.3.4. 

- Results 

As it can be seen in Table 2.14, in 2016, the total GHG emissions in the Port Authority of the Ferrol-San 

Cibrao were close to700 t CO2 eq. Around 84% of emissions were from electricity consumption. 

 
Table 2.14: GHG emissions in the Port Authority of the Ferrol – San Cibrao in 2016 

(Puerto de Ferrol, 2017) 

Scopes Sources Emissions (t CO2eq) 

Scope 1 

Diesel consumption for heating 

81.07 Diesel consumption for transportation 

Gasoline consumption for transportation 

Scope 2 Electricity consumption. 588.19 

Total 699.26 (t CO2eq) 

- Strengths and weaknesses  

The main strengths of this methodology are that the calculation is done by the use of the standard tool and all 

the GHG are taken into account. 

The main weakness is that the emissions of scope 3 are not calculated and many sources like emissions from 

vessels, employees’ commuting and emissions from the waste operations are not taken into account. 

 

2.1.13. Giurgiulesti International free port 

In 2016, the Carbon Footprint Report for operational activities of Giurgiulesti International Free Port 

(Moldavia) on an annual basis was developed by the Danube Logistics. This company is the general investor 

and operator of Giurgiulesti International Free Port as well as the administrator of the Giurgiulesti Free 

Economic Zone. In order to calculate the Carbon Footprint Danube Logistics followed both control based and 

activity based approaches (Tucher and Stirbu, 2018). 

- Boundaries  

Regarding organizational boundaries, the control approach is used for consolidating and reporting GHG 

emissions, and all emissions which the company can control and influence are considered. 

Regarding operational boundaries, the total territory of the port (55 ha) is taken into account. The operational 

activities conducted within the following areas are included in the Carbon Footprint report:  

- Dry bulk and container storage area, general cargo and container terminal 

- Oil terminal area including tank farm, auto loading facility and railway facility; office park 

- Danube Logistics workshop  

- Infrastructure at port premises including roads, parking areas 

The following areas are excluded: 

- Grain terminal with access to Danube and Prut rivers 

- Grain storage facilities 

- Vegetable oil storage 

- Business park areas leased by third parties  
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The present inventory refers to the period from 1 January until 31 December 2018 (Tucher and Stirbu, 2018). 

- Scope 

WPCI Guidance Document (WPCI, 2010) is used to define the scopes. The focus of this report is on 

emissions within scope 1 and scope 2 (Tucher and Stirbu, 2018). 

 Scope 1 (Direct emissions): Diesel and gasoline engines (kg CO2/L) such as fuel used by cargo handling 

equipment, by on road and non-road vehicles, by harbor crafts (tug boat) and feeder vessel at the berth, 

fuel used by stationary sources, by employee’s vehicles on the territory of the port, burning of natural 

gas (kg CO2/m3) such as natural gas used for heating the buildings of the port office park. 

 Scope 2 (Energy indirect emissions): Consumption of electricity imported to the port (kg CO2/kWh) 

such as electricity used by the office park and business park areas including deposits and lighting, 

electricity used by the pumping station of the oil terminal auto loading facility, by terminal areas 

including lighting, by other areas controlled by Danube Logistics. 

- Methodology  

GHG Protocol (WRI and WBSCD, 2004) is used to prepare the Carbon Footprint Report. This method is 

explained in section 1.3.2 of this thesis. The data analyzed relate mostly to energy production and 

consumption both in stationary and non-stationary emission sources. The emission sources included in the 

Carbon Footprint refer to generated CO2 emissions, and other CO2 equivalent emissions. 

An activity-based approach has been applied for the calculation of GHG emissions. The total GHG emissions 

are calculated through each type of fuel/energy used (Tucher and Stirbu, 2018): 

 The amount of natural gas and electricity consumption is measured using calibrated and certified 

meters.  

 The amount of diesel is calculated by summing up the recorded amounts of fuel used by each piece of 

equipment used on the territory of the port. The supply of fuel for each piece of equipment is measured 

using a meter installed on the pump of the bunkering truck. 

- Results 

In 2017 the total estimated GHG emissions of activities generated by Danube Logistic at the Giurgiulesti 

International Free Port amount to 899.5 t CO2eq increasing by 4.4% compared to 2016 (Table 2.15). As it can 

be seen in Table 2.16 emissions from scope 1 are 56.8% of total emissions and emissions from scope 2 are 

43.2% of total (Tucher and Stirbu, 2018). 

 
Table 2.15: Total estimated GHG emissions (Tucher and Stirbu, 2018) 

CO2eq in tonnes 2016 2017 

CO2 858.1 896.7 

CH4 1.7 1.7 

N2O 1.2 1.1 

Total CO2eq 861.0 899.5 

 

Table 2.16: Share of CO2 Emissions by Scope in 2017 (Tucher and Stirbu, 2018) 

Scope CO2 Emissions in tonnes % 

Scope 1 509.1 56.8 % 

Scope 2 378.6 43.2 % 

Total CO2 896.7 100% 
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- Strengths and weaknesses  

One strength of the calculation of Carbon Footprint in this port is that more than 95% of the data used for the 

calculation of emissions are based on real measurements of fuel and energy consumption. This provides a 

high level of accuracy of the calculated emissions. In addition, Danube Logistics will further refine the 

recordings in the future in order to elaborate in more detail the relation between emissions and type of 

operational activity in the port. 

The weakness of this method is that the calculation of the CO2 footprint does not include the resident and 

tenant companies and the employees’ commuting (scope 3). Moreover, emissions from waste are not 

calculated.  

 

2.1.14. The Port of Taichung 

The port of Taichung (Taiwan) received ECOPORTS certification from the European Sea Port Organization 

(ESPO) in November 2015 and November 2017. In 2016 the port of Taichung created a GHG emissions 

management and reduction plan by self-management method and it was approved by the Environmental 

Protection Bureau (EPB) of Taichung City (Tsai et al., 2018). 

Tsai et al (2018) used the self-management approach to facilitate the control of the total quantity of GHG 

emissions from various sources in this port.  

- Boundaries and Baseline year 

The year 2014 was defined as the base year of emissions. The boundary includes the operation area of the 

Taichung Port, which encompasses statutory land and sea territories, covering a total area of 2073.68 km2. 

The principles of division management and responsibility adopted in the self-management area are based on 

land use and industrial characteristics; therefore, the area is divided into regions of heavy industry (A1), 

export-processing (B1) and harbor areas (B2). A coal-fired power plant and a crude steel plant are located in 

the A1 area. The power plant is the largest coal-fire power station worldwide. The steel plant is the second-

largest steel plant in Taiwan. Their GHG emission regulatory works are directly controlled by the EPB of 

Taichung City. The B1 area is an export-processing zone that belongs to the Industrial Development Bureau 

(IDB) at the Ministry of Economic Affairs of Taiwan and this area contained 76 factories in 2016. Due to the 

fact that both A1 and B1 areas are governed by their own competent authorities, their management of GHG 

emissions is not included in the self-management approach. However, including their emission data in the 

annual self-management report is necessary to provide a clear understanding of the pollution situation of the 

entire port area. The B2 area is composed of containerization cargo, bulk cargo, reclamation zones29, logistics 

and warehousing, an industrial zone (II), a petrochemical industrial zone, a forest protection zone, and the 

statutory sea territory, this is the major area used to determine total quantity controls of GHG emissions in the 

self-management method. In 2016, the B2 area contained 93 factories, companies or administrative agencies 

(Tsai et al., 2018). 

- Scopes  

The scopes are not defined.  

 

                                                           

29In a reclamation zone, the dredged port mud and waste soils from area construction projects will be used to reclaim land from adjacent coastal 

waters. 
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- Methodology  

Figure 2.10 presents the flowchart of the quantity control approach in the self-management method, which 

comprises three stages: inventory and check, guidance and improvement, and management–audit–reduction–

review. The tasks of inventory and check stage include gathering the data of the four main axes which are 

industrial zones, harbor operations, ship operations and administrative works. In the guidance and 

improvement stage, it will be determined whether all of the sources are compatible with energy-

saving/carbon-reduction measures and the best available control equipment will be adopted. If not, the related 

improvement strategies and guidance will be provided to them. The final stage includes systematic works of 

management, audit, reduction, and review. The energy usage and operating data of industries will be used to 

estimate the total emission amounts of GHG and air pollutants. When a new industry or process is added to a 

port, the observation of relevant regulations and environmental impact assessment (EIA) commitments will 

be required in the final stage. If the total emission amount of GHG or air pollutants are higher than the base-

year amounts, the related plans and reduction strategies will be regulated for fitting the base-year amounts 

(Tsai et al., 2018). 

 

Figure 2.10: Flowchart of control in the self-management approach (Tsai et al., 2018) 

 

The GHG inventory tools (based on ISO 14064) developed by the IDB and Environmental Protection Agency 

(EPA) of Taiwan were employed in the self-management approach. The raw data of cruise ship and 

administrative works were obtained from the related departments of Taichung Port (Tsai et al., 2018). 

Figure 2.11 shows the inventory works layout for the GHG emission based on the self-managements 

approach. As it can be seen, the inventory has four main parts: industrial zones, harbor operations (including 

cargo trucks, rail transport, various vehicles, and handling equipment), ship operations (including cargo boat 

and cruise ship data, operation types, hours in port, and waiting for arrival), and administrative works. 

Two vital checks are the activity type and intensity. Uncertainty assessment is based on the difference 

between the results of inventories and industrial annual emissions data from the EPB of Taichung City. An 

average uncertainty value lower than 5% is considered satisfactory. The final report must be presented to the 

self-management committee for review and then be submitted to the EPB of Taichung City for auditing in 
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terms of the local environmental protection law called the “Taichung City Greenhouse Gas Emission Sources 

Self-Management Act.” (Tsai et al., 2018). 

 
Figure 2.11: Inventory works layout for the GHG emission based on self-management approach 

(Tsai et al., 2018) 

 

The equations below are recommended by Taiwan EPA or Air Resources Board of California (2006) to 

estimate the emission quantities of GHG and air pollutants to calculate emissions of ocean-going vessels, 

harbor ships, and diesel-handling equipment (Tsai et al., 2018): 

(1) Ocean-going vessels, harbor ships, and diesel-handling equipment 

E= HP× LF× Act ×EF ×FCF            (Equation 2.18) 

(2)  Heavy-duty diesel vehicles and trains 

E= NV× Act×EF                               (Equation 2.19) 

(3) Electricity or other uses of energy  

E= Act×EF                                        (Equation 2.20) 

(4) Airborne dust from barren lands or open storage piles  

E= GPA× EF× (1- η)                          (Equation 2.21) 

Where: 

E: The emission quantity (ton yr−1) 

HP: Engine power (kW) 

LF: Loading factor (dimensionless) 
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Act: Annual activity or usage time (h yr−1) 

EF: Emission factor (ton kW−1h−1, ton ha−1yr−1, or ton storage-ton−1), 

FCF: Fuel correction factor (dimensionless) 

NV: Numbers of vehicles  

GPA: Ground area (ha) or storage amount (ton yr−1) 

η: Control efficiency (dimensionless) 

The data for LF, EF, and FCF were obtained from the website of Taiwan EPA or US EPA (Tsai et al., 2018). 

- Results 

Table2.17 shows the results of the GHG emissions by the self-managements approach at harbor area (B2), 

since it is the only area in which emissions could be calculated. The decrease in the total GHG emissions in 

2016 compared to 2015 demonstrates that the self-management approach implemented in 2016 is practical, 

successful, and effective. The vessel speed reduction program and automated vehicle inspection systems are 

the two best actions in the reducing of GHG emissions, thus the two actions are recommended to other ports. 

In addition, Taichung Port also actively developed onshore wind power. Based on the positive experience of 

Taichung Port, the method is now being adopted in other industries and areas in Taichung City (Tsai et al., 

2018). 

 

Table 2.17: Results of the GHG and air pollutant emission by the self-managements approach at harbor area (B2) 

(Tsai et al., 2018) 

Source of emissions 2014  

GHG emissions (tonnes/yr) 

2015 

GHG emissions 

(tonnes/yr) 

2016 

GHG emissions 

(tonnes/yr) 

Stationary sources 250,165 273,959 274,471 

Mobile sources 300,393 300,758 293,963 

Total 550,558 574,717 568,434 

-Strengths and weaknesses 

The strength of this method is the usage of an organized approach. The main weakness of this 

method is that the scopes are not classified and it is not clear what kinds of sources are included in 

each category. In addition, the A1 and B1 emissions are not included in the calculation since they 

are governed by their own competent authorities. Therefore, the GHG emissions of heavy industry 

(A1) zone which includes a coal-fired power plant and a crude steel plant are excluded from the 

calculation. In addition, the emissions from the export-processing (B1) zone which contains 76 

factories are not taken into account. Moreover, emissions from waste operations are not calculated. 

Another weakness of this method is that used tool is not available. 

 

2.1.15. The Port of Olympia 

The Port of Olympia (The United States) is a municipal corporation, which is organized under Washington 

State law and governed by a locally-elected board of commissioners.  In Washington State, ports provide and 

operate commercial marine transportation facilities, maintain and operate airports and marinas, and provide 

many other services to enhance economic development in the Port district.  

The Port of Olympia is voluntarily conducting biennial GHG emissions inventories for its Downtown 

Olympia locations, Airport locations, and Lacey Properties (Port of Olympia, 2018). 
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- Boundaries and Baseline year 

The focus of this calculation is on the vehicle fleet and facilities at the Port's Downtown Olympia locations 

(Marine Terminal, Swan town Marina and others), Airport locations (Olympia Regional Airport and Clean 

water Centre), and Lacey locations (Commerce Business Center) (Port of Olympia, 2018). 

The first GHG emissions inventory was conducted in 2013. This report was never finalized but the data was 

used for comparative purposes (Port of Olympia, 2018). 

- Scopes  

Scope 1 and Scope 2 emissions were calculated for the 2017 inventory(Port of Olympia, 2018): 

 Scope 1 (Direct emissions): Port-owned and port-operated fleet vehicles, including light and heavy duty 

on-road and off-road vehicles, and boats; and on-site stationary combustion of natural gas and diesel in 

Port-owned and pot-operated buildings.  

 Scope 2 (Indirect emissions): Energy (electricity) purchased for use in Port-owned and port-operated 

buildings. 

- Methodology  

Washington State Department of Ecology provides an Excel-based GHG calculator to estimate emissions. 

This tool was used to perform the GHG emissions inventory for the Port because it is specifically applicable 

to Washington State agencies and it is the most relevant one based on Port operations and estimated GHG 

emissions (Department of Ecology State of Washington, 2017). 

There are six worksheets in the calculator tool: 

 Worksheet1 is for the general information of the users (e.g. the total number of employees, total 

population which are served by the company and owned area) 

 Worksheets 2 is for the amount of electricity consumption  

 Worksheets 3 is for Fleet Energy Use (Light Duty, Heavy Duty and Off Road Fuels, Ferries, Boats 

and Aircrafts) 

 Worksheet 4 will automatically generate a summary of users GHG emissions 

 Worksheets 5 and 6 contain emission factors and conversion factors for user reference 

- Results 

The Port (vehicle fleet and facilities combined) emitted approximately 1,239 MT CO2eq in 2017.  The overall 

GHG emissions for the Port are presented by source (vehicle location and fuel type or facility building) in 

Figure 2.12. The greatest sources of GHG emissions for the Port were the purchase of electricity for Port 

facilities (656 MT CO2eq (53%), which belongs to scope 2), and diesel fuel vehicle use at Downtown 

Olympia properties (404 MT CO2eq (33%), which belongs to scope 1). Stationary source combustion’s share 

in GHG emissions in this port is only 5% (Port of Olympia, 2018). 
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Figure 2.12:  Port of Olympia 2017 GHG Emissions Summary(Port of Olympia, 2018) 

- Strengths and weaknesses 

The strength of this method is that the calculation has been done by using the Washington State Agencies 

GHG calculator (an Excel-based tool). However, the tool is not available and the method and the formulae for 

the calculation are not provided. 

Another weakness of this method is that emissions from stationary combustion are not classified on sources 

and it is not clear if emissions from cargo handling equipment and construction equipment are calculated or 

not. In addition, scope 3 emissions (tenant activities and employees’ commuting) and emissions from waste 

are not calculated. 

 

2.2. Port Terminals 

Besides the previous studies in the ports, several researches have also been done to calculate CO2 emissions 

and Carbon Footprint in port terminals. The methodologies used in these port terminals do not provide any 

additional information for the objective of this thesis:  the creation of a standard tool to calculate Carbon 

Footprint in ports. However, since they were also analyzed, they have summarized here. 

 

2.2.1. Container Terminal Ports in Mumbai 

In a study from Chowhan et al. (2012)the CO2 emissions in four container terminals in Mumbai (India) were 

analyzed. CO2 emissions were estimated using the formulae in a spreadsheet developed especially for 

computation of Carbon Footprint based on IPCC guidelines (IPCC, 2006). The data related to sources 

emitting GHG were collected from the respective terminals. 

- Boundaries  

This study includes the four container terminals in Mumbai, namely, Gateway Terminals India (GTI), Nhava 

Sheva Inland Container Terminal (NSICT), Jawaharlal Nehru Port Container Terminal (JNPCT) in 

Jawaharlal Nehru Port Trust (JNPT) as well as Indira Container Terminal (ICT) in Mumbai Port Trust 
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(MbPT). In this study only 2 km of the maritime boundary of the ports is used because this is the distance at 

which ocean going vessels stop using their main engines at full speed and start using auxiliary engines to 

enter the port (Chowhan et al., 2012). 

- Scopes 

The GHG emission sources in these terminals include (Chowhan et al., 2012): 

- Sea based emissions which include the vessel related emissions result from ocean going vessels (OGV) 

arriving and departing from the port, hoteling, and maneuvering 

- Land-based emissions which include all the GHG emissions due to activities carried out in the port. 

These result in the consumption of electricity, fuel, and heating and generation of waste.   

These sources are categorized into 3 scopes which are (Chowhan et al., 2012): 

- Scope 1: On-site fuel consuming sources 

- Scope 2: Electricity consuming sources   

- Scope 3: Other sources usually rented by the ports 

- Methodology  

The methodology adopted for this study is mainly from WPCI (2010), GHG protocol (WRI and WBSCD, 

2004) and ISO 14064 (2006). In order to estimate emissions an excel file was developed using IPCC 

guidelines (2006) as the base reference. The collected data were converted to the suitable unit by making 

appropriate assumptions. 

- Results 

The highest emissions in scope 1 were found due to the Rubber Tyre Gantry crane (RTGC) used to moves on 

rubber tires.  It accounted for 63%, 92 %, 56% and 90% of total CO2 emitted at GTI, JNPCT, NSICT and ICT 

terminals, respectively. Tractor Trailer (TT) was the second largest CO2 emission source among the sources 

considered in Scope 1. 

 In the case of Scope 2 emissions, the refrigerated containers (reefers) accounted for maximum emission 

(47% and 65% of total CO2 emitted for GTI and NSICT terminal respectively). 

 In the case of Scope 3, all the emissions were accounted together. For terminal GTI, NSICT and JNPCT it 

was estimated an emission value of 4.51 Gg CO2 per annum per terminal. However, it was estimated that in 

scope 3 category, the auxiliary engine of the berthed ships contributed the most to the carbon foot printing 

(Chowhan et al., 2012). 

- Strengths and weaknesses 

The strength of this study is that the calculation has been done based on the reliable guidelines and all the 

scopes are taken into account. However, the used formulae and the detail of the method are not presented. 

Another weakness of this method is that emissions from business travel and commuting of personnel are not 

calculated. 

 

2.2.2. Container Terminal Ports in the Netherlands 

A study from Van Duinand Greelings (2011) provides insight into the processes of container handling and 

transshipment at the terminals in the Netherlands and calculates the contribution of these processes to the CO2 

emissions.  
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- Boundaries  

For this study, the 12 terminals have been selected: The Delta, Home and Hanno terminals of ECT, the APM 

terminal, the Rotterdam Short sea Terminal (RST) and the Uni port Multi purpose Terminal (UNIPORT) in 

the Rotterdam region and three inland terminals Bossche Container Terminal (BCT), Container Terminal 

Nijmegen (CTN), and Wanssum Intermodal Terminal (WIT). The selection of the terminals was based on 

their willingness to provide the necessary data to validate the model (Van Duin & Geerlings, 2011). 

- Scopes 

The scopes are not defined. 

- Methodology  

An activity-based emission modeling was applied to develop a methodology for the calculation of emissions 

caused by the container terminals. This model includes a bottom-up calculation of the amount of work 

supplied by equipment, not using the amount of fuel as input, but as the result of the model. This study is 

based on a quantitative analysis of the energy consumption of terminal processes and the related CO2 

emissions (Van Duin & Geerlings, 2011). 

- Results 

For the selected terminals the total CO2 production is around 157 ktonnes. The analysis of the emission model 

shows that compared with the electrically powered equipment, the diesel-powered terminal equipment 

represents a large fraction of the total harbor wide CO2 emissions by transshipment processes (Van Duin & 

Geerlings, 2011). 

- Strengths and weaknesses 

One advantage, of this model is the usage of macro-level data such as the number of transshipments at the 

terminal and the deployment of various types of equipment, each with a different energy-consumption 

pattern, coupled with standard routes with average distances and average energy consumption. 

The main weakness of this model is that scopes are not defined. Another weakness of this model is the rough 

estimates used for the energy consumption. In addition, many emission sources such as emissions from cargo 

handling equipment, construction equipment, harbor crafts and wastes are excluded. 

 

2.2.3. Container Terminal in the port of Kaohsiung 

In a research from Yang (2017),CO2 emissions from two different container terminal (tire transtainers (TT) 

and rail transtainers (RT)) in the port of Kaohsiung (Taiwan) were investigated by the Carbon Footprint 

analysis. This research compared the emissions from April to June 2014. 

- Boundaries  

The boundaries of this study include the berthing area, container yard and gate area of the two companies in 

the port of Kaohsiung (Taiwan). 

- Scopes 

The scopes are not defined. 
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- Methodology 

The total energy consumption of each type of equipment was calculated as the total working time of that 

equipment multiplied by the equipment's energy consumption per hour. The average energy 

consumption of equipment was calculated as the equipment's total energy consumption divided by the 

quantity of equipment. Finally, the CO2 emissions of each piece of equipment were obtained from an 

average energy consumption for that piece of equipment multiplied by the CO2 emission coefficient 

(Yang, 2017). 

- Results 

The results of this research show the carbon emissions of each operating model for each export 

container were 16.68 kg for the TT model and 12.3 kg for the RT model (Yang, 2017). 

- Strengths and weaknesses 

The strength of this method is that the calculation has been done based on a clear methodology. The 

main weakness of this method is that scopes are not defined and emissions from many sources such as 

vessels and wastes are excluded from the calculation. Another weakness of this method is that the 

emissions from import containers or transshipment containers are not taken into account and the sailing 

schedule is not taken into consideration either. 

 

2.3. Ships 

In this section, researches regarding the calculation of GHG emissions from ships and vessels are 

studied in more detail, since they could be useful for the development of the new tool. 

 

2.3.1. CO2 emissions from port vessel operations in the port of Incheon 

In a paper from Chang et al (2013), GHG emissions from port vessel operations in the port of were measured. 

The GHG emissions were estimated based on the type and the movement of each vessel from the moment of 

its arrival to its docking, cargo handling and departure. The estimation was done by the use of the bottom-up 

approach based on individual vessels’ characteristics and using data on vessels provided by the port in 2012. 

- Boundaries  

The boundaries include the movement of a vessel from the moment of its arrival to its docking, cargo 

handling and departure. 

- Methodology 

Chang et al (2013) estimated GHG emissions by individual vessels at every stage of their movement from the 

moment of their port entry to their departure. To capture fuel consumption and the corresponding GHG 

emissions across these stages, the paper first estimated how much fuel a vessel consumes during its 

movement based on various vessel characteristics. The fuel consumption of vessels was estimated based on 

the characteristics of the main engines and auxiliary engines by navigating distances. The fuel consumption 

by a vessel at each stage of its port movement is denoted as (Chang et al., 2013): 

                    (Equation 2.22) 
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Where: 

Fijk: The amount of fuel consumed by a vessel k moving from point i to j (kg) 

MFk: The daily fuel consumption by the main engine (kg) 

s1k: The vessel’s operating speed (nm/h) 

s0k: The vessel’s design speed (nm/h)  

AFk: The daily fuel consumption by the auxiliary engine (kg) 

dij: The distance from i to j 

After the calculation of fuel consumption, CO2 emissions were estimated based on fuel combustion. Although 

the type of fuel used by vessels can vary, it is generally accepted that marine bunker fuel (residual marine oil, 

a widely used type of fuel) contains 86.4% of carbon per unit weight. In addition, the ratio of CO2 to carbon 

is known to be 44/12. Therefore, CO2 emissions from fuel combustion can be estimated as follows (Chang et 

al., 2013): 

                                   (Equation 2.23)  

Where: 

Fijk: The amount of fuel consumed by a vessel k moving from point i to j (kg) 

Finally, Equation 2.22 is inserted into equation 2.23 to estimate CO2 emissions (Chang et al., 2013): 

                                          (Equation 2.24) 

The data required for estimating GHG emissions based on Equation 2.24 (the same as explained 

in equation 2.22) include fuel consumption by the main engine (MFk) and the auxiliary engine 

(AFk) based on the type of vessel and the stage of the vessel’s movement, the operating speed 

(s1k) at each stage of the vessel’s movement and the design speed (s0k) by vessel type, and the 

navigation distance at each stage of vessel movement (dij). 

The data were obtained from the Incheon Port Authority database, and included 13,829 vessels 

present at the POI from January to October 2012. The set included two navy vessels and 43 

vessels with missing data; these vessels were excluded for the final sample of 13,784 vessels. 

Each vessel had information on the time of its port arrival, arrival point (anchorage area number) 

and its docking time, assigned berth number, undocking time, departure time, gross tonnage, 

nationality, vessel type, call number, cargo type, and cargo amount. 

- Results 

Based on the results of this research, the CO2 emissions at POI for 10 months in 2012 were 

370,000 tonnes. The results show that vessels passing through lock gates emit 210,000 tonnes of 

CO2. Maneuvering to the dock after lock gates accounts for 140,000 tonnes. Therefore, these two 

activities account for 96% of the POI’s CO2 emissions. By contrast, maneuvering to lock gates 

after port entry produces only 11,000 tonnes, anchorage and approaching to the dock together 

6600 tonnes and the docking process for cargo handling emits 2400 tonnes of CO2. 

The results indicate among various types of vessels, international car ferries are the heaviest emitters, 

followed by full container vessels and car carriers (Chang et al., 2013). 
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- Strengths and weaknesses 

The strength of this study is that a well-developed method and formulae for calculating the GHG emissions 

were used. However, emissions from the vessels passing through lock gates are not well defined, since it is 

not clear if they are occurring inside the port or just at its boundaries. In addition, only CO2 emissions were 

calculated and other GHG were excluded. 

 

2.3.2. GHG emissions from ships in the port of Gothenburg 

In a research by Winnes et al. (2015), the potential reductions of ships' GHG emissions due to the 

implementation of different measures by ports were quantified. This research presents a case study of the ship 

traffic in the Port of Gothenburg in 2010. 

- Boundaries  

The boundaries of this study include calculation of the emissions from diverse types of vessels operations in 

the traffic area, including fairway channel, at anchor, in the port basin, maneuvering and at berth (Winnes et 

al., 2015). 

- Methodology 

In this research projections of ship emissions in the port area for 2030 were made, and four scenarios were 

analyzed (Winnes et al., 2015): 

 Scenario1: Usage of an alternative fuel which include transition from fuel oil to LNG-fuel with a100-

year time horizon 

 Scenario 2: Usage of an alternative fuel which includes transition from fuel oil to LBG (Liquefied Bio 

Gas) fuel with a 20-year time horizon 

 Scenario 3: Improvement of ship design to reduce CO2 emissions 

 Scenario 4: Improvement of operations such as speed reduction and lay time reduction at berth 

These scenarios are compared to a business as usual (BAU) scenario. 

The data used for the analysis include port call statistics and technical data for individual ships. The model 

differentiates between ship types and ship sizes, as well as between operational modes. 

For each ship call, engine emissions are calculated as the product of an emission factor, the utilized engine 

power and time. Emissions of the GHGs due to CO2, CH4 and N2O are included and calculated as 

CO2equivalents (Winnes et al., 2015). 

- Results 

The amount of CO2-eq emissions and the number of ship movements are presented in Table 2.18. These 

calculations are carried out on a ‘per call’ basis. As it can be seen, 31.4% of ship calls30 are for ‘ferry/RoRo’ 

and 21.9% for ‘Dry and liquid bulk’ and these two are the ones with the highest amount of the CO2-eq 

emissions (Winnes et al., 2015). However, when the ratio between the emissions of CO2-eq and ship calls is 

applied, the type of the ships with the highest emissions are the ‘Cruise’ followed by the ‘Dry and liquid 

bulk’. The total ratio of emissions per ship call is 15.3. 

 

                                                           
30 Call: An intermediate stop for a ship on its scheduled journey for cargo operation or taking on supplies or fuel. For the cruise ship, it is the premier 

stop from where they take on passengers for their cruise holidays. 
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Table 2.18:  Number of ship movements of different ship categories and their CO2-eq emissions in Port of 

Gothenburg 2010 (Adapted from (Winnes et al., 2015)) 

 Ferry/RoRo Container Dry and 

liquid bulk 

Cruise General 

cargo 

Bunker 

ships 

Other Total 

Number of ship calls 

including passing ships 

4297 (31.4%) 1211 (8.8%) 3007 

(21.9%) 

41 

(0.29%) 

1343 

(9.8%) 

3600 

(26.3%) 

177 

(1.3%) 

13,676 

(100%) 

Emissions of CO2-eq 

(tonnes), 2010 
85,800 30,200 79,800 1450 4360 9330 3600 210,000 

Emissions/ number of ship 

calls (CO2-eq tonnes per 

call) 

19.9 24.9 26.5 35.3 3.2 2.6 20.3 15.3 

 

Another important aspect is the location of emissions in the port. Figure 2.13 shows how CO2-eq emissions 

are divided into different operational modes. The majority of CO2-eq emissions (53%) in the Port of 

Gothenburg are originated “at berth” mode. Emissions from ships in the fairway channel31 account for 23% 

of total CO2-eq emissions, whereas emissions from anchored ships, ships in the port basin, and ships 

maneuvering to and from quayside position account for 10%, 9% and 5%, respectively (Winnes et al., 

2015). 

 
Figure 2.13: CO2-eq emissions based on different operational modes in the Port of Gothenburg in 2010 

(Winnes et al., 2015) 

 

In Table 2.19, the total modeled emissions in 2030 from each ship type category are presented for the 

different scenarios. As it can be seen, the category “Dry and liquid bulk” contributes the highest to 

emissions in all scenarios. Largest emission reductions from this category occur in Scenario 3, 

‘Operation’. This scenario results in significantly higher reductions for each individual ship type than the 

other scenarios. The operational measures that contribute most to the emission reductions in the 

‘Operation’ scenario are reduced speed and reduced lay time at berth. The later one depends on fuel 

consumption in auxiliary engines and boilers, and time at berth. CO2-eq emissions show 3% reduction in 

Scenario 1 ‘Fuel’ when considering the global warming potential with a 100-year time horizon. If viewed 

in a 20-year time horizon, it increases by 3% compared to BAU. Design scenario show a slight reduction 

compared to BAU (Winnes et al., 2015). 

 

 

 

                                                           

31A navigable deep-water channel in a river or harbor or along a coastline 
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Table 2.19:Total emissions of CO2-eq divided between ship type categories in the different scenarios, 

Port of Gothenburg 2030 (Winnes et al., 2015) 

 
Ferry/RoRo Container 

Dry and liquid 

bulk 
Cruise 

General 

cargo 
Other Total 

Scenario “BAU” 103,000 35,400 104,000 1810 5860 4880 255,000 

Scenario 1 “Fuel”—100 year time horizon 99,300 33,700 102,000 1710 5750 4780 247,000 

Scenario 2 “Fuel”—20 year time horizon 106,000 35,900 108,000 1820 6100 4980 262,000 

Scenario 3 “Design” 102,000 35,000 103,000 1780 5590 4880 252,000 

Scenario 4 “Operation” 89,400 30,600 98,000 1490 5260 4610 229,000 
 

 

- Strength and weakness 

The strength of this method is that calculation has been done for different scenarios and different time 

horizons. In addition, different types of ships are taken into consideration. The weakness of this study is that 

the method of calculation is not provided. 

 

2.3.3. GHG emissions from shipping on the Thames and other navigable waterways 

in the Port of London 

The Port of London Authority (PLA) and Transport for London (TfL) requested to Aether32 and TNO33 to 

prepare an inventory of air emissions from shipping on the Thames and other navigable waterways in the Port 

of London (Williamson et al., 2017). 

- Boundaries  

The geographical boundaries of this project comprise the Port of London, the Thames, its tributaries and 

connected waterways, between Teddington and Southend. The base year for this inventory is 2016 

(Williamson et al., 2017). 

- Methodology 

Figure 2.14 provides an outline summary of the methodology of this study.  As it can be seen, in the first step 

the required data were obtained from LLI data sources34 and AIS35.Standard emissions factors were adjusted 

according to ship and movement characteristics to produce near unique factors for each individual AIS 

message (Williamson et al., 2017). 

Back calculations for 2010 and 2013 were made based on aggregated activity data on ship movements within 

the Thames Estuary, including some AIS data for 2013, combined with adjustments to emission factors based 

on changes in fuel quality and other sectoral trends.  Forward projections for 2020, 2025 and 2030 were made 

(Williamson et al., 2017). 

The outputs from these calculations were aggregated according to vessel type. The initial step is to split 

activity, as represented by AIS messages, into “sailing and maneuvering” and “at berth”. Vessels with a speed 

of less than 0.5 knots over a continuous period of over 15 minutes were assumed to be at berth. 

                                                           

32Aether was founded in 2008 by senior members of the UK’s national emission inventory team. Aether provides consultancy in air quality and 

Climate Change emissions inventories, forecasting and policy analysis. They also provide air quality assessments for property developers. 

33NederlandseOrganisatievoorToegepastNatuurwetenschappelijkOnderzoek (TNO: Netherlands Organization for Applied Scientific Research) was 

established in 1932. It is an independent research organization in the Netherlands that focuses on applied science. 

34(LLI)Lloyd's List Intelligence provides an interactive online service (www.lloydslistintelligence.com) offering detailed vessel movements, real-time 

AIS positioning, comprehensive information on ships, companies, ports and casualties as well as credit reports, industry data and analysis including 

short-term market outlook reports. 

35The Automatic Identification System (AIS) is an automatic tracking system that uses transponders on ships and is used by vessel traffic services.  

https://en.wikipedia.org/wiki/Transponder
https://en.wikipedia.org/wiki/Vessel_traffic_service
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Regarding GHG emission, in this study CO2 and CH4 were calculated. N2O was not included as shipping was 

not considered a significant source according to Williamson et al (2017). 

The calculated emissions were assigned to the geographical locations, based on AIS messages or known ship 

tracks, and those locations were matched to grid cells. The emissions for each grid cell were then aggregated 

to give a total for that cell for each vessel type, which were further aggregated to give total shipping 

emissions for each pollutant. The results of this aggregation process were then used to produce the Tables and 

charts and were also exported into a GIS program to produce the emission maps.  

Emissions for 2016 are then used as a baseline from which to ‘back cast’36 emissions for previous years and 

to project forwards to estimate future emissions. A range of different factors affect emissions over time and 

these need to be accounted for producing back casts and projections (Williamson et al., 2017) 

 

 

Figure 2.14: An outline summary of the methodology (Williamson et al., 2017) 

                                                           

36Back casting is a planning method that starts with defining a desirable future and then works backwards to identify policies and programs that will 

connect that specified future to the present. 
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- Results 

Table 2.20 shows the CO2 emissions from shipping for all ship types, over the whole period (baseline, back 

years and forward projections). As it can be seen, RoRo Cargo/Vehicles are the ship type with the highest 

CO2 emission rates in the baseline year (2016) and also back years (2010 and 2013). Regarding forward 

projections (2020, 2025 and 2030), container ships are the ones that emit more CO2.The total emission of the 

baseline year decreased compared to 2010 but it increased compared to 2013. The total emissions in the 

forward projections (2020, 2025 and 2030) will increase compared to 2016 (Williamson et al., 2017). 

The process of upgrading to newer ships and engines will generally exert a downward trend in emissions, as 

will the global trend towards larger, more efficient sea-going ships. However, these influences are generally 

outweighed by the increase in freight being handled through the port and the increase in passenger numbers 

forecast through the Thames Vision project. This is particularly prevalent for the case of container ships and 

passenger vessels that are doubling CO2emissions from 2010 to 2013. The rate of increase in CO2 emissions 

slows between 2025 and 2030 as a result of the introduction of more fuel-efficient ships (Williamson et al., 

2017). 

 

Table 2.20: CO2 emissions from shipping for all years and ship types (Williamson et al., 2017) 

Ship type 
Emissions of CO2 (tonnes) 

2010 2013 2016 2020 2025 2030 

Bulk carrier 4,970 4,900 4,993 5,110 5,787 5,745 

Chemical/LNG/LPG tanker 26,859 8,712 11,142 10,878 10,989 10,134 

Container ship 37,226 32,357 39,101 61,939 83,490 92,824 

Cruise ship 1,136 969 4,467 4,832 6,050 7,169 

Fishing 47 47 48 45 51 52 

General Dry Cargo 7,465 7,932 10,589 14,159 18,275 19,905 

Non Merchant 343 340 866 937 1,173 1,390 

Oil tanker 31,177 18,993 19,431 18,986 19,114 17,572 

Passenger 22,188 22,038 27,502 29,748 37,249 44,136 

Reefer 80 30 31 29 33 34 

RoRo Cargo/Vehicle 39,327 36,925 40,145 40,515 47,515 49,202 

Tug/Supply 16,292 13,918 18,200 18,675 21,137 20,995 

Dredgers 18,002 18,002 14,794 16,678 18,611 18,843 

Other miscellaneous 4,633 4,480 4,042 4,546 5,078 5,161 

All Vessels 209,743 169,643 195,350 227,075 274,553 293,162 

 

- Strength and weakness 

The strength of this method is that a good study plan is provided. In addition, different types of vessels are 

taken into account.  

The main weakness of this method is that the formulae of calculation are not presented. Although, it was 

mentioned that CH4emissions were calculated, only the CO2 emissions are presented in the result and the 

other GHG emissions are not included. 

 

2.3.4. GHG emissions from port vessel operations at the Lagos and Tin Can ports of Nigeria 

GHG emissions from port vessel operations in the Lagos and Tin Can ports of Nigeria were estimated by 

Olukanni and Esu (Olukanni & Esu, 2018). The estimate of emissions was carried out based on the type of 

the vessel and its movement. The calculation was done by using the bottom-up approach based on the 

characteristics of individual vessels and using data on vessels processed by both ports in the first and second 

quarters of the year 2017. 
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- Boundaries  

The boundaries include from the moment the vessel enters the port (Lagos and Tin Can ports of Nigeria) to 

the point of unloading and exit (Olukanni & Esu, 2018). 

- Methodology 

In this study, the CO2 emissions were calculated based on the fuel consumption by each type of vessel (fuel 

consumption by both the main and auxiliary engine) over it movement in the port. 

Based on the success of previous works from Taiwan’s Kaohsiung harbor and Korea’s Port of Incheon 

(mentioned in sections 2.2.3 and 2.3.1) in calculating CO2 emissions and the type of data available from the 

Nigeria Port Authority (NPA), their method was adopted to calculate the emissions from port vessel 

operations at the Lagos and Tin Can ports of Nigeria (Olukanni& Esu, 2018). 

The data acquired from the NPA database show that a total of 1,275 vessels were processed from January to 

June (first and second quarter) of 2017: Lagos (595) and Tin Can ports (680), excluding Navy vessels 

(Olukanni & Esu, 2018). 

- Results 

Table 2.21 shows the total CO2 emissions based on the ship type. The data obtained covered 6-months 

(January to June) in 2017.  As it can be seen, the total CO2 emissions in these ports are 8,167,296 kg. Among 

various types of vessels, Premium Motor Spirit37 (PMS) carriers are the heaviest emitters, followed by the 

container vessels and general cargo vessels (Olukanni & Esu, 2018). 

 

Table 2.21: The total CO2 emissions based on the ship type (Olukanni& Esu, 2018) 

Ship types Total CO2(kg) 

LNG Carrier 315,402.6 

LPG Carrier 282,401.4 

Cement ship 686,796.5 

PMS (Premium Motor Spirit) 1,297,670 

General cargo vessel 919,777 

Jet A-1 619,574.3 

AGO 671,558.1 

Container vessel 1,125,409 

Passenger ship 305,252.1 

Used vehicle carrier 856,532.1 

Dry bulk carrier 306,576.8 

Chemical products 375,827.1 

Other chemicals 404,518.4 

Total 8,167,296 

 

- Strength and weakness 

The strength of this study is that the calculation method was chosen based on the success of previous works. 

In addition, different types of vessels were taken into account. The weakness of this method is that it is not 

clear if all GHG were calculated or just CO2 emissions were taken into account. 

 

                                                           

37Premium Motor Spirit refers to petrol or gasoline which is used to power internal combustion engines mostly in vehicles and generators. 
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2.4. Comparison of the strengths and weaknesses of the different 

methodologies 

As in can be seen in this chapter, in recent years many ports have started to calculate their Carbon Footprint 

and report it. However, each port uses each own method and this does not allow establishing a sector 

benchmark or comparing the results between different ports. There is no single, unified method to calculate 

Carbon Footprint in ports. The strengths and weaknesses of each methodology that have been presented 

previously are summarized in Table 2.22.
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Table 2.22: The strengths and weaknesses of the existing methodologies 

Case Study Strengths Weaknesses 

The port of Gijón 

 All direct and indirect emissions are included 

 All scopes are included 

 The footprint from the consumption of all goods and services are taken 

into account 

 The footprint from the wastes generated by a company are calculated 

 The possibility of adding or modifying the factors used, are allowed in 

calculation sheet  

 The used method has been recognized by the Spanish Observatory for 

Sustainability as a valid methodology for assessing and reducing GHG 

emissions  

 The good explanation of the methods are presented 

 Only CO2 emissions are calculated and other GHGs are not taken into account 

 Regarding fuel consumption (direct emissions), the types of sources were not specified 

 The emissions from the employees’ commuting are not taken into account 

 The emissions from the vessels (scope 3) are not taken into account 

Ports of Long Beach and 

Los Angeles 

 The well-developed explanation of the calculation methods for each 

emission source are presented 

 Emissions from vessels are taken into account 

 All GHG are taken in to account 

 

 The calculation is not classified in scopes 

 Scope 2 (emissions related to electricity consumption) is not taken into account 

 Emissions from construction equipment are not included in the calculation 

 Emissions from waste are neglected 

 Emissions from stationary sources are not included  

 It is not clear if emissions from the employees’ commuting (scope 3) is included or not 

The Port of Oslo 

 The calculation has been done based on ISO 14064 standard that 

derives from GHG protocol 

  The calculation includes all emission sources required by this standard  

 All scopes are taken into account 

 Emissions from vessels are taken into account 

 The emissions resulting from energy use in rented out buildings are excluded from the Carbon 

Footprint 

 The emissions from the terminal operators activities are not calculated 

 emissions from waste operations are not calculated 

 Activity data are partly based on measurement and partly based on estimates 

 If the data were not available, expert estimates were made 

Climeport 

 The calculation has been done by using a web-based tool and it has 

been developed based on the diverse standard methods (ISO 14064, IPCC 

and WPCI) 

 The user guideline is freely available (MED, 2012b) 

  The Climeport results have been quantified by means of dividing the 

total emissions by total cargo, which is an accurate and useful indicator and 

easy to manage by any organization 

 Emissions from vessels are calculated 

 Access to the tool is not available 

 The scopes are not defined based on the standard guidelines 

 The  emission sources are not specified 

The port of San Diego 

 This method be used for environmental review of future projects  

 By using this method track progress towards State regulations could be 

possible 

 By adapting CAP, key vulnerabilities within the Port will be evaluated 

and prioritized 

  In this method emissions from all tenants and activities at the Port are 

calculated 

 Emissions from vessels are taken into account 

 This method it is not specific for ports 

 Explanation about the formulae and methods which are used for the calculation of GHG gases are not 

given 

 The scopes are not specified 

 It is not clear if the calculation of emission from the employees’ commuting is included in on-road 

transportation or not 

 Emissions from natural gas consumption are not specified based on the sources 

 It is not mentioned if the emissions from cargo handling equipment and construction equipment are 

calculated or not 



Development of a standardized tool to calculate Carbon Footprint in ports 

87 

The Port of Rotterdam 

 Scopes are defined and classified separately 

 Emissions from maritime transport and Berthed ships are taken into 

account 

 

 

 The results are not presented by scope 

 The emissions from tenants are not taken into account 

 Methodology of calculation is not given 

 It is not mentioned if the emissions from cargo handling equipment and constructional equipment are 

calculated or not 

 It is not clear if all the GHG emissions are included in the calculation or it is just CO2 

The Port of Stockholm 

 All emission sources “direct emissions” and “indirect emissions” are 

taken into account 

 All scopes are taken into account 

 Emissions from vessels are taken into account 

 

 The details of the methodology are not presented 

 It is not specified what kind of sources are included in the direct emissions from the fuel 

 Concerning the employees’ commuting, only emissions from air travel are calculated 

 Emissions from waste operations are not taken into account 

The port of Gothenburg 

  The calculation has been done based on a standard method (GHG 

protocol) 

 All scopes are taken into account 

 Emissions from vessels are calculated  

 The detail of the methodology is not presented 

 It is not clear if the emissions from cargo handling equipment and construction equipment are 

calculated or not 

 Emissions from waste are not included in the calculation 

The Port of Barcelona 
 An attempt to calculate CO2 emissions in the Port Authority is done 

 All GHG are taken in to account 

 The methodology is not explained 

 Scope 3 (emissions from tenant and employees’ commuting) is not taken into account 

 Emissions from energy consumption are not classified on the later sources and it is not clear which 

sources are included and which ones are not 

 Emissions from waste operations are not calculated 

Ports de la Generalitat 

 The calculation has been done by the use of Excel based tool 

 The tool has been developed based on standard methods 

 The tool is freely available 

 All GHG are taken into account 

 Emissions from scope 3 are not calculated  

 Only the emissions from water consumption are taken in to account in scope 3 

 The tool is not port specific 

 Scopes are not defined based on the standard methods 

The Port of Chennai 

 The calculation has been done based on a standard method (WPCI 

guidance document) 

 Emissions from vessels are calculated in scope 1 

 All GHG are taken into account 

 The scopes are not classified based on this guideline 

 Emissions from the tenants are calculated in scope 1, where they should be calculated in scope 3, 

according to WPCI (WPCI, 2010) 

 Emissions from waste are not calculated 

 Emissions from employees’ commuting (Scope 3) are not considered 

the Port Authority of the 

Ferrol – San Cibrao 

 The calculation has been done based on a standard method (MITECO 

tool) 

 All GHG are taken into account 

 Scope 3 emissions are not calculated 

 Many sources are excluded  

 Emissions from waste are not taken into account 

 Emissions from vessels are not calculated 

 Emissions from employees’ commuting (Scope 3) are not considered 

Giurgiulesti International 

free port 

 More than 95% of the data used for the calculation of emissions are 

based on real measurements of fuel and energy consumption. This provides 

a high level of accuracy of the calculated emissions. 

 All GHG are taken into account 

 The calculation of the CO2 footprint does not include the resident and tenant companies (Scope 3) 

  Emissions from employees’ commuting(scope 3) are not taken into account 

 Emissions from waste are not calculated 

The Port of Taichung 

 An organized approach (The GHG inventory tools) is used  

 Emissions from vessels are calculated 

 All GHG are taken into account 

 The scopes are not classified and it is not clear what kind of sources are included in each category 

 The GHG emissions of heavy industry (A1) zone which includes a coal-fired power plant and a crude 

steel plant are excluded from the calculation 

 The emissions from the export-processing (B1) zone which contains 76 factories are not taken into 
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account 

 The used tool is not available 

 Emissions from waste operations are not calculated 

The Port of Olympia 

 The calculation has been done using the Washington State Agencies 

GHG calculator (an Excel-based tool) 

 Emissions from vessels are calculated 

 All GHG are taken into account 

 

 The tool is not available  

 The method and the formulae of the calculation are not provided 

 Emissions from stationary combustion are not classified on sources  

 It is not clear if emissions from cargo handling equipment and construction equipment are calculated 

or not 

 Emissions from tenant activities (Scope 3) are not included in this GHG emissions inventory 

 Emissions from employees’ commuting are not calculated 

 Emissions from waste are not calculated 

Container Terminal Ports 

in Mumbai 

 The calculation has been done based on the reliable guidelines such as 

WPCI, GHG protocol and ISO 14064  

 All the scopes are taken into account  

 Emissions from vessels are taken into account 

 The used formulae and the detail of the method are not presented 

 Emissions from business travel and commuting of personnel are not calculated 

Container Terminal Ports 

in the Netherlands 

 In this method, macro-level data are used such as the number of 

transhipments at the terminal and the deployment of various types of 

equipment, each with a different energy-consumption pattern, coupled with 

standard routes with average distances and average energy consumption 

 The Scopes are not defined 

 Rough estimates are used for the energy consumption 

  Many emission sources such as emissions from cargo handling equipment, construction equipment, 

harbour crafts and wastes are excluded 

Container Terminal in the 

port of Kaohsiung 
 The calculation has been done based on a clear methodology 

 Scopes are not defined  

 Emissions from many sources such as vessels and wastes are excluded from the calculation 

 The emissions from import containers or transhipment containers are not taken into account 

 The sailing schedule is not taken into consideration either 

Port vessel operations in 

the port of Incheon 

 Well-developed method and formulae for calculating the GHG 

emissions  

 

 Emissions from the vessels passing through lock gates are not well defined, since it is not clear if they 

are occurring inside the port or just at its boundaries 

 Only CO2 emissions were calculated and other GHG were excluded 

Ships in the port of 

Gothenburg 

 The calculation has been done for different scenarios and different 

time horizons 

 Different types of ships are taken into consideration  

 All GHG are taken into account 

 The method of calculation is not provided 

Shipping on the Thames 

and other navigable 

waterways in the Port of 

London 

 A good study plan is provided 

 Different types of vessels are taken into account 

 The formulae of calculation are not presented 

 Although it was mentioned that CH4 emissions were calculated, only the CO2 emissions are presented 

in the result  

Port vessel operations at 

the Lagos and Tin Can 

ports of Nigeria 

 The calculation method was chosen based on the success of previous 

works 

 Different types of vessels were taken into account 

 It is not clear if all GHG were calculated or just CO2 emissions were taken into account 
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After reviewing all these methodologies, a set of conclusions about their main strengths and weaknesses 

were extracted and are summarized in Table 2.23 and explained below. The detail of how the percentages 

presented in this table have been obtained can be found in Appendix 2. 

 
Table2.23: The main strengths and weaknesses of the existing methodologies (Percentages) 

Strengths and weaknesses of the existing methodologies Percentage (%) 

Strengths 

Inclusion of vessels ‘emissions 72.7 

Consideration of the emissions from all the GHG 63.6 

Using standard methods 59.1 

Weaknesses 

No inclusion of all the emission sources 94.4 

No inclusion of the waste treatment emissions 77.7 

No classification of scopes based on the standards 77.7 

No inclusion of employees’ commuting 72.2 

Using estimates for the calculation and not real data 66.6 

Exclusion of some of the recognized scopes or parts of them 66.6 

No inclusion of scope 3 in the calculation 61.1 

No access to the tool 60 

Not well-presented description of the method 59.1 

 

The main strengths of these studies are: 

 In 72.7% of the methodologies, vessels’ emissions are taken into account. 

 In63.6% of the researches, not only CO2 emissions are calculated, but also other GHG emissions 

are taken into account such as CH4 and N2O. 

 In 59.1% of the cases, the calculation has been done based on standard methods such as GHG 

protocol, IPCC, WPCI and ISO14064. 

  

The main weaknesses of these studies are presented below: 

 In all of the cases, emissions from technical gases as a by-product of combustion and so called F-

gases from cooling installations are neglected. 

 In 94.4% of the studies, all the emission sources mentioned in standard guidelines (direct or 

indirect) are not calculated. Only some of these sources are taken into account. 

 In 77.7% of the researches, emissions from waste operations that can take place in a port such as 

incinerators or waste water treatment plants are not included in the calculation. 

 In 77.7% of the studies, scopes are not defined based on the standard methods. 

 In 72.2% of the case, employees’ commuting is not included. 

 In 66.6% of the studies, estimation is used for the calculation and not real data. 

 In 66.6% of the cases, some of the recognized scopes or parts of them are excluded. 

 In 61.1% of the studies, the whole set of scope 3 emissions (i.e. emissions from tenant, vessels 

and employees’ commuting) are not calculated. 

 In 60% of the researches where a tool has been developed (five cases), the access to this tool is 

not possible. 

 In 59.1% of the studies, the methodology is not fully described. Therefore, it is no possible to 

reproduce it. 

Bearing in mind all these strengths and weaknesses, a new standardized tool will be developed. Such new 

tool will try to overcome all these weaknesses and include all the strengths. The development of the tool 
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will be done based on the GHG protocol, IPCC and WPCI guidelines which will be described in more 

detail in the next chapter and the steps will be explained thoroughly to be reproducible. In addition, a 

well-developed explanation of the calculation methods will be presented.  

Moreover, the three main GHG (carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O)) will be 

included in the new tool and the total amount will be presented as a CO2eq, as it includes all three GHG 

emissions. In addition, the tool will provide options to select the scopes that are more suitable and 

applicable to each port. 

As it has been presented, in some cases, the emissions from ships are excluded from the total CO2 

calculation. As the GHG emissions from international shipping in 2012 accounted for  2.2% of the total 

CO2 emissions and that such emissions could grow by between 50% and 250% by 2050 (IMO,2014), it is 

necessary to include the calculation of emissions from waterborne vehicles in the new tool. 

Moreover, the main weakness of these studies was that in most of the methods not all the emission 

sources mentioned in the standard guidelines (direct or indirect) were included in the calculation. In the 

new tool, the three scopes present in the guidelines and all the direct and indirect emission sources will be 

taken into account. However, emissions from technical gases as a by-product of combustion and so called 

F-gases from cooling installations will be neglected because these emissions have a negligible impact on 

the total Carbon Footprint since they are relatively small. That is the reason why most of the presented 

methodologies are not taken them into account. 

In addition, in more than three fourths of the methods, emissions from waste treatment operations taking 

place in the port were not taken into account. The new methodology will also include emissions from 

waste treatment plants present in the port area such as incinerators, waste water treatment plants and 

others. They should be considered, where they exist, since they are sources of CO2 emissions that should 

be counted in the total Carbon Footprint of a port. 

The new tool will also take into account the emissions from employees’ commuting that were neglected 

by some methods and it will include three different calculation options for the users as well, which will 

make the results more realistic.  

This research also showed that there was not any unified and complete method to calculate GHG 

emissions and Carbon Footprint that allowed comparing results among different ports. Following the 

example of the successful experience of the CLIMEPORT project (MED, 2011), this new tool will allow 

to calculate the Carbon Footprint as a ratio between the total amount of CO2eq and the total capacity of 

the port. This will enable comparing of the results of different ports standardizing on a common ground if 

they want to share these data. In addition, this tool will be freely available. 

Finally, it should be mentioned that a paper with the results of this chapter has been published in the 

International Journal of Environmental Research and Public Health (Azarkamand et al., 2020b). It can be 

found in appendix 7.2 of this thesis. 
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Chapter 3: Development of the tool 

 

 

As mentioned before, in recent years, several international organizations and some ports have 

implemented measures to fight against Climate Change effects and to reduce CO2 emissions. The review 

of different studies shows that in recent years many ports calculate their Carbon Footprint and report it 

but each port uses each own method. There is no standardized tool to do so. In addition, the emissions 

from some sources such as incineration plants, wastewater treatment plants and employees’ commuting 

are excluded from calculation in many cases. There is not any unified and complete method to calculate 

Carbon Footprint that allows comparing results among different ports. This proves the need for such a 

methodology in ports. Therefore, a standardized tool has been developed to calculate GHG emissions for 

the three scopes in ports. The development of the tool has been done in Excel and Visual Basic software 

based on the WPCI (WPCI, 2010), IPCC guidelines (IPCC, 2006 and 2019b) and GHG Protocol (WRI 

and WBSCD, 2004). In this chapter, the used methods and standards for developing the new tool are 

introduced in more detail. 

This chapter includes four main sections. In the first section, scopes and boundaries are explained based 

on the previously mentioned standards. The second section defines emission sources and pollutants. Then, 

the formulae used to develop the excel-based tool are presented. In the last part of this chapter, the new 

tool is introduced. 

 

3.1. Defining scopes and boundaries of the tool 

Among the different guidelines introduced in chapter 1 (section 1.3), the WPCI guidance document 

(WPCI, 2010) has been selected to define the scopes and boundaries due to its recognition in the port 

sector. 

 

 Scopes 

As mentioned in chapter 1, emission-producing activities for ports should be grouped into the following 

three scopes (WPCI, 2010):  

Scope 1: Port Direct Sources. These sources are directly under the control and operation of the port 

administration entity and include port-owned fleet vehicles, port-administration owned or leased vehicles, 
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buildings (e.g., boilers, furnaces, etc.), port-owned and operated cargo handling equipment, and any other 

emissions sources that are owned and operated by the port administrative authority. 

Scope 2: Port Indirect Sources. These sources include port’s purchased electricity for the port’s 

administration owned buildings and operations. Tenant power and tenant energy purchases are not 

included in this Scope. 

Scope 3: Other Indirect Sources. These sources are typically associated with tenant operations and 

include ships, trucks, cargo handling equipment, rail locomotives, harbor craft, tenant buildings, tenant 

purchased electricity, and the commuting of port authority and tenant-employees’ commuting (train, 

personal car, public transportation, etc.).  

 

 Boundaries  

An important consideration in the calculation of Carbon Footprint is the physical and operational area or 

domain that encompasses the activities. The boundary definition helps to answer the questions such as 

which activities are going to be included in the inventory. Boundary considerations for the three scopes 

are discussed below (WPCI, 2010): 

Scope 1 boundaries: The boundary typically encompasses a local or regional area, where these sources 

are located and operate. 

Scope 2 boundaries: They may be local or relatively close by, but they can also be remote from the port 

since electrical power can be transmitted over great distances.  

Scope 3 boundaries: The boundary maybe global (for example, to include entire ocean voyages), 

national, regional or more local, such as a political border or the port’s own administrative boundary.  

 

3.2. Defining emission sources and pollutants 

In order to define the emission sources of this tool, besides the WPCI guidance document (WPCI, 2010), 

the IPCC guidelines (IPCC, 2006 and 2019b) and the GHG protocol (WRI and WBSCD, 2004) have also 

been used to make the sourcing more complete. Pollutants have been chosen based on the WPCI guidance 

document (WPCI, 2010). 

 Recognition of the emission sources  

Emission sources in ports are divided into four main groups: Mobile sources, Stationary sources, 

Purchased electricity and Employees’ commuting which are described below (WPCI, 2010): 

- Mobile sources  

Greenhouse gas emissions are produced by mobile sources as fuels are burned. The mobile sources in 

ports are divided into six main groups (WPCI, 2010): 

 Cargo handling equipment: backhoes, container handlers, cranes, forklifts, sweepers and yard 

tractors. 

 On road vehicles: compressed natural gas (CNG) heavy duty truck, liquefied natural gas (LNG) 

heavy duty truck, propane heavy duty truck, diesel heavy duty truck and cars. 
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 Railroad locomotives: line haul locomotives and switchers locomotives38. 

 Port owned Vessels: assist tugboats, cleaning boats, commercial fishing vessels, crew boats, 

excursion vessels, Integrated/Articulated tug and barge, local ferries, pleasure craft, work boats, 

towboats and push boats and others. 

 Ocean-Going Vessels (OGVs): auto carriers, containerships, dry bulk carriers, general cargo, 

integrated/articulated tug and barge, miscellaneous vessels, passenger cruise ships, passenger 

vehicle ferries, refrigerated vessels (Reefer), roll-on roll-off vessels (RoRos) and tankers. 

 Construction equipment: It includes the equipment needed for port funded wharf and breakwater 

construction, channel and berth deepening dredging and maintenance, terminal development and 

redevelopment, street improvements, etc. Construction activities can involve various types of 

mobile and portable equipment, some of which are specialized for construction such as: portable 

concrete and asphalt batch plants, dredges (clamshell, excavator, pan, cutter-suction head, etc.), 

earth moving equipment (excavators, bulldozers, scrapers, trenchers, etc.), paving equipment and 

Portable worksite generators. 

 

- Stationary sources 

Stationary sources are the second group of sources emitting GHG found at ports. They typically account 

for significantly less GHG emissions than mobile sources. Stationary source emissions come from fixed, 

particular, identifiable, localized sources or facilities that use combustion processes. The main stationary 

sources in ports are (WPCI, 2010): 

 Power plants: Industrial facilities used to generate electric power with the help of one or more 

generators that convert different energy sources into electric power. Some ports purchase 

electricity and some have power plants to produce it. Therefore, the scope of the calculation 

would be different.  

 Boilers: Closed vessels in which water or other liquid are heated. As a consequence, steam or 

vapor is generated by the direct application of energy from the combustion of fuels or electricity 

which generates emissions. 

 Portable or emergency generator: It can keep power running in an emergency. 

Besides these groups, based on the IPCC guidelines (IPCC, 2006 and 2019b), two other stationary 

sources can be found in ports are: incineration plants and wastewater treatment plants. In addition, 

stationary sources include all other facilities that use combustion processes. 

 Incineration plants: Waste incineration is defined as the combustion of solid and liquid waste in 

controlled incineration facilities. Different incineration types are: continues stocker, continues 

fluidized bed, Semi-Continues incineration stocker, Semi-Continues fluidized bed, Batch type 

stocker, batch type fluidized bed (IPCC, 2006 and 2019b). 

 Other Facilities: All other facilities that use combustion processes. 

                                                           

38Line haul locomotives tend to be large (3,000 to 4,000 hp) and are used to move cargo over relatively long distances as goods are either 

picked up for transport to destinations across the country or dropped off for shipment overseas. In contrast, switching locomotives tend to be 

smaller (1,200 to 3,000 hp) and perform relatively short distance rail movements such as assembling and disassembling of trains at various 
locations in and around the Port and the hauling of rail cargo within the port. 
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 Wastewater treatment plant: There exist different types of waste water treatment plants such as 

untreated waste water treatment plant, aerobic treatment plant, aerobic treatment plant 

overloaded, anaerobic digester for sludge, anaerobic reactor, anaerobic shallow lagoon, anaerobic 

deep lagoon (IPCC, 2006 and 2019b). 

 

- Purchased electricity 

Purchased electricity includes buildings, lighting, reefer power demand, electrified cargo handling 

equipment, other terminal electrical demands, etc. Electricity consumption at the ports includes the energy 

used in the routine operation of the port authority and in the tenant facilities (i.e., lighting, 

instrumentation, comfort cooling, computers, ventilation, electrical vehicles, etc.), electrified cargo 

handling equipment (electric wharf cranes, electric rail-mounted gantries, electric rubber tired gantries, 

etc.), shore powering of vessels, tenant industrial facilities and reefer plugs. Even though electrified cargo 

handling equipment is typically thought of as mobile sources, from a GHG perspective, due to their 

electrification, the emissions from their operations are estimated based on purchased electricity. 

 

- Employees’ commuting 

As employees’ commuting is one of the main sources of GHG emissions in scope 3, based on the GHG 

protocol, this source was also included in the new tool. This category includes emissions from the 

transportation of employees between their homes and their worksites and business travels. Emissions 

from employees’ commuting may arise from automobile travel, bus travel, rail travel, air travel another 

modes of transportation (e.g., subway, bicycling, walking) (WRI and WBSCD, 2013). 

Figure 3.1 demonstrates the relationship between all the scopes and emission sources that have been taken 

into account in the new tool. Emission sources in scope 1 are divided into mobile sources and stationary 

sources both related to the port authority. Scope 2 represents the emissions produced by the electricity 

purchased by the port authority. Scope 3 includes four main groups of sources related to tenants: mobile, 

stationary, purchased electricity and employees’ commuting. It should be mentioned that in scope 3, 

mobile sources, stationary sources and purchased electricity are the same as those presented for scope 1 

and 2, just belonging to different generators (tenants in the case of scope 3). The only difference is the 

inclusion of ‘Ocean-Going Vessels’ in the mobile sources category of scope 3, whose emissions are not 

part of the port authority. 
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Figure 3.1: Scopes and Sources of the tool 

 

 Pollutants  

Numerous gases have been identified as having the potential to contribute to global Climate Change. The 

most common greenhouse gases associated with port-related operations are Carbon dioxide (CO2), 

Methane (CH4) and Nitrous oxide (N2O)(WPCI, 2010). The new tool will include all three of them. 

GHG vary in terms of their effectiveness in influencing Climate Change. As a convention, the gases are 

rated in comparison to the effectiveness of CO2, so they can be compared. The term CO2 equivalent 

(CO2eq) is used to include the total amount of GHG gases emitted. For each gas, a value has been 

assigned to each gas in comparison with the CO2, which is known as its global warming potential (GWP). 

GWP value for CO2 is equal to 1 for 100-year time horizon, for CH4 is equal to 28 and for N2O is equal to 

265 (IPCC, 2015a). 

 

Table 3.1: Global Warming Potential of GHG in 100 years’ time horizon adapted from (IPCC, 2015a) 

Pollutants GWP over 100 years 

CO2 1 

CH4 28 

N2O 265 

 

3.3. Methods and formulae 

The new tool should be user-friendly and easy to use. Among the different guidelines and methodologies 

presented, the IPCC guidelines and GHG protocol have been selected to choose the formulae and develop 

the new tool. In addition, as it was mentioned in chapter 1, UNFCCC COP3 which was held in 1997 in 

Kyoto reaffirmed that the IPCC guidelines for National Greenhouse Gas Inventories should be used as 
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"methodologies for estimating anthropogenic emissions by sources and removals by sinks of greenhouse 

gases" (IPCC, 1996). 

Generally, the calculation has been done based on the IPCC (2006 and 2019b). The Equation 3.1 has been 

used to calculate total emission in each scope: 

𝐸𝑡𝑜𝑡𝑎𝑙 = ∑ 𝐸𝑆𝑐𝑜𝑝𝑒 𝑖                                                              
3
𝑖=1 (Equation 3.1) (IPCC, 2006) 

Where: 

Etotal = Total mass of CO2eq emissions (tonnes) 

EScopei= Total mass of CO2eq emissions of each scope i (tonnes) 

In the next section, the formulae which have been used to calculate GHG emissions in the three scopes 

are explained.  

 

3.3.1. Scope 1: Port authority direct sources 

The emission sources of scope 1 are divided into 2 main groups: Mobile sources and Stationary sources. 

The emission sources of scope 1 are presented in Figure 3.2. 

The formulation to calculate the emissions from this scope has been extracted from IPCC guidelines 

(IPCC, 2006 and 2019b). The total emissions of this scope are calculated by using Equation 3.2: 

EScope = ∑ En
n
i=1                                                  (Equation 3.2) (IPCC, 2006) 

Where: 

E Scope = Total mass of CO2eq emissions for the scope (tonnes) 

En= Total mass of CO2 eq emissions for each source of scope 1(tonnes) 

 

 
 

Figure 3.2: The emission sources of scope 1 

 

Next, the formulae to calculate the mobile sources are presented. 
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- Mobile sources (Scope 1) 

The mobile sources related to scope 1 are presented in Figure 3.2. The calculation of CO2eq emissions of 

these sources have been done by the use of Equation 3.3. 

En = ∑ En
i3

i=1                                                             (Equation 3.3)(IPCC, 2006) 

Where: 

En
i  = Total mass of CO2 eq emissions of sources in scope 1 (tonnes) 

En
i  = Total mass of CO2emissions of each source n (tonnes) 

 

In order to calculate the CO2 equivalent, Equation 3.4 has been used. 

𝐸𝑛
𝑖 ( 𝐶𝑂2𝑒𝑞) = 𝐸𝑛

𝑖 · 𝐺𝑊𝑃   𝑖                                               (Equation 3.4)(IPCC , 2006) 

Where: 

En
i  (CO2eq) = Total mass of CO2eq (tonnes CO2eq) 

En
i =Total mass of emissions of each gas i 

GWPi = Global warming potential of each gas (tonnes CO2eq/tonnes gas) 

Finally, the calculation of the mobile sources emissions has been done by the use of Equation 3.5. 

En
i =Fuel Consumption·EF

i                                                       
(Equation 3.5) 

Where: 

En
i  = Total mass of GHG emissions in each source (tonnes) 

Fuel consumption = Amount of Fuel consumption (gal, l, m3, kg, tonnes) 

EF
i
= Emission Factor for each gas (tonnes gas/ (gal, l, m3, kg, tonnes)) 

 

Emission factors have been extracted from IPCC guidelines (IPCC, 2006). The calculation of emissions 

for each source is presented next. 

 

- Cargo Handling Equipment 

Table 3.2 shows the emission factors to calculate the 3 main GHGs (CO2, CH4and N2O) of Cargo 

handling equipment.  

 
Table 3.2: Emission factors for CO2, CH4 and N2O for the road transport (IPCC, 2006) 
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As it can be seen in the previous Table, the units are expressed in kg of GHG / TJ and, therefore, a 

conversion from Tera Joules to kg of the fuel is required. This conversion has been done using the Tables 

presented in appendix 3 (Table 1, 2 and 3), where the low heat value and the density of that fuel released 

by the combustion are given. In this way, Equations 3.6 and 3.7 can be applied: 

 

𝐸𝑛
𝑖 = 𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 · 𝐿𝐻𝑉 · 𝐹𝐸𝑖                                                        (Equation 3.6) 

Where: 

En
i  = Total mass of GHG emissions in each source (tonnes) 

Fuel consumption = Amount of Fuel consumption (kg or tonnes) 

LHV = “LowHeatingValue” lower limit of the heat released by the combustion (TJ/(kg or tonnes of 

the fuel)) 

FEi= Emission Factor (tonnes gas/ TJ) 

 

By applying the relationship between mass, volume and density, the total mass of the GHG emissions is 

obtained (Equation 3.7). 

 

En
i = VFuel · ρFuel · LHV · FEi                                                                                (Equation 3.7) 

Where: 

En
i  = Total mass of GHG emissions in each source (tonnes) 

VFuel = Volume of the fuel used (liters, gallons or cubic meters) 

ρFuel = Density of used fuel (kg / liter, kg / gallon or kg / cubic meter) 

LHV = “Low Heating Value” lower limit of the heat released by the combustion (TJ/(kg or tonnes of 

the fuel)) 

FEi = Emission Factor (tonnes gas/ (TJ)) 

 

- On-Road Vehicles 

The emissions’ calculation of this source is similar to Cargo Handling Equipment. Therefore, it can be 

found in the previous section. 

 

- Railroad Locomotives 

The emissions’ calculation of this source has been done using also Equations 3.6 and 3.7. Emission 

factors have been extracted from Table 3.3. The conversion of the units has been done using the Tables in 

appendix 3 (Table 1, 2 and 3). 
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Table 3.3: Emission factors for CO2, CH4 and N2O for Railroad Locomotives (IPCC, 2006) 

 
 

- Harbor Craft and Inland Waterway Vessels 

The emissions of Harbor Craft and Inland Waterway Vessels have been calculated also by Equations 3.6 

and 3.7. The emission factor for CO2 is presented in Table 3.4 and conversion factors can be found in 

appendix 3 (Table 1, 2 and 3). Emissions for CH4 and N2O have been calculated by Equations 3.6 and 3.7. 

The emission factors can be found in appendix 3 (Table 1, 2 and 3). 

 

Table 3.4: Emission factors for CO2 for Harbor Craft and Inland Waterway Vessels (IPCC, 2006) 

 
 

- Construction Equipment 

The Equations 3.6 and 3.7 have been also used to calculate emissions from Construction Equipment. The 

related emission Factors are presented in Table 3.5. 
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Table 3.5: Emission factors for CO2, CH4 and N2O for ConstructionEquipment (IPCC, 2006) 

 

 

In the next section, the formulae to calculate the emissions from stationary sources of scope 1 are 

presented. 

 

- Stationary sources (Scope 1) 

In order to calculate emissions from stationary sources Equations 3.3, 3.4, 3.5 and 3.6 have been used. 

Emission factors for Power Plants, Boilers, Generators and other facilities (IPCC, 2006) are presented in 

Table 3.6.The conversion factors can be found in appendix 3 (Table 1, 2 and 3). 
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Table 3.6: Emission factors for CO2, CH4 and N2O for the stationary combustion (IPCC, 2006) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Development of a standardized tool to calculate Carbon Footprint in ports 

102 
 

Table 3.6 (Continuation): Emission factors for CO2, CH4 and N2O for the stationary combustion 

(IPCC, 2006) 

 

 

In order to calculate emissions from incinerators and wastewater treatment plants, special formulae are 

needed. These formulae are explained below. 

- Incinerators 

Emissions from incinerators for CO2 have been calculated by Equation 3.8. 

𝐸𝐶𝑂2 = ∑ (𝑆𝑊𝑖 · 𝑑𝑚𝑖 · 𝐶𝐹𝑖 · 𝐹𝐶𝐹𝑖 · 𝑂𝐹𝑖) ·
44 

12      𝑖                        (Equation 3.8)(IPCC, 2006) 
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Where: 

ECO2 = Total amount of CO2 emissions (tonnes) 

i= Type of incinerated waste  

SWi = Total amount of incinerated waste (kg or tonnes) 

dmi = Dry matter content in the component i of the incinerated waste (Fraction) 

CFi = Fraction of carbon in the dry matter (i.e., carbon content) of component i 

FCFi = Fraction of fossil carbon in the total carbon (Fraction) 

OFi = Oxidation factor (Fraction) 

44/12 = Conversion factor from C to CO2 

 

The values for dmi, CFi, FCFi and OFi are obtained from Table 3.7 and 3.8. 

 

Table 3.7: dmi, CFi, FCFi and OFivalues in general (IPCC, 2006) 

 

 

Table 3.8: dmi, CFi, FCFi and OFi values for municipal waste (IPCC, 2006) 
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In order to calculate N2O and CH4 emissions, Equations 3.9 and 3.10 have been used. 

𝐸𝑖 = ∑ (𝑆𝑊𝑗 · 𝐹𝐸𝑘
𝑖 )𝑗 (Equation 3.9)(IPCC, 2006) 

Where: 

Ei = Total amount of emission (tonnes) 

SWj=Total mass of the incinerated waste j (kg or tonnes) 

FEk
i  = Emission factor by the incineration method k (tonnes gas/(kg, tonnes)) 

 

Table 3.9 shows the emission factor for CH4 based on the incineration method. 

 

Table 3.9: Emission factor for CH4 based on the incineration method (IPCC, 2019a) 

 
 

Table 3.10 shows the emission factor for N2O based on the incineration method and waste types. 

 

 
Table 3.10: Emission factor for N2O based on the incineration method and waste types 

(IPCC, 2006) 

 
 

To facilitate the task for the user of the program, a global average value has been calculated in terms of 

the proportion of each type of material in the municipal waste (Table 3.11). 
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Table 3.11: Proportions of materials for municipal waste by country (IPCC, 2006) 

 

- WastewaterTreatment Plant 

Wastewater can be a source of methane (CH4) when treated or disposed an aerobically. Carbon dioxide 

(CO2) emissions from wastewater are not considered in the IPCC guidelines because these are of 

biogenic39 origin and should not be included in national total emissions. CH4 emissions are calculated by 

Equation 3.10. 

𝐸𝐶𝐻4 = ∑ [(𝑇𝑂𝑊𝑖 − 𝑆𝑖) · 𝐸𝐹𝑖 − 𝑅𝑖]𝑖                           (Equation 3.10)(IPCC, 2019a) 

Where: 

𝐸𝐶𝐻4= CH4 emissions in the inventory year (kg CH4/yr)  

TOWi= Total organically degradable material in wastewater from industry i in the inventory year (kg 

COD/yr) 

i= Industrial sector 

Si = Organic component removed as sludge in inventory year (kg COD/yr)  

EFi = Emission factor for the industry i (kg CH4/kg COD)  

Ri= amount of CH4 recovered in the inventory year (kg CH4/yr) 

 

                                                           

39A biogenic substance is a product made by or of life forms. The term encompasses constituents, secretions, and metabolites of plants or animals. 

In context of molecular biology, biogenic substances are referred to as biomolecules. 
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Note that only a few countries may have sludge removal data and CH4 recovery data. The default for 

sludge removal is zero. The default for CH4 recovery is zero (IPCC, 2006).  

In order to calculate TOW, the equation 3.11 and the Table 3.12 have used.  

TOWi = Pi · Wi · CODi                                                                       (Equation 3.11)(IPCC, 2019a) 

Where:  

TOWi= Total organically degradable material in wastewater for the industry i(kg COD/yr) 

i= Industrial sector 

Pi = Total industrial product for the industrial sector i(t/yr) 

Wi = Wastewater generated (m3 /t product) 

CODi = Chemical oxygen demand (industrial degradable organic component in wastewater) (kg 

COD/m3) 

Table 3.12: Wi and CODi data by industry (IPCC, 2006) 

 
 

Finally, to obtain the EFi value, the equation 3.12 and the Table 3.13have been used.  

 

𝐸𝐹𝑗 = 𝐵𝑜 · 𝑀𝐶𝐹𝑗                                                               (Equation 3.12)(IPCC, 2019a) 

Where: 

EFj = Emission factor for each treatment j (kg CH4/kg BOD) 

 j = Each treatment/discharge pathway or system  

Bo = Maximum CH4 producing capacity (kg CH4/kg BOD) 

MCFj = Methane correction factor (fraction) (Table 3.12) 

 

In the case of not being able to obtain the Bo values, according to(IPCC, 2006), it is recommended to take 

a value of 0.25 tonnes methane/tonnes COD. Table 3.12 shows MCFj values by type of treatment or 

system. 
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Table 3.13: MCFj values by type of treatment or system (IPCC, 2006) 

 
 

3.3.2. Scope 2: Port authority Indirect Sources 

These sources include port purchased electricity for port administration owned buildings and operations.  

As it was mentioned before, tenant power and tenant energy purchases are not included in this Scope. 

Generally, in this step, the emissions are calculated as the electricity consumed by the port authority. Both 

mobile and stationary sources, which require an electric source to operate or charge, are included in this 

scope. 

Using the values of electricity consumption and the emission factor of the country where the electricity 

was generated, it is possible to obtain the CO2 emissions. Depending on the country this generation was 

generated, there is a significant difference in the value of the emission factor per kWh produced. The 

calculation has been done using Equation 13: 

𝐸𝑆𝑐𝑜𝑝𝑒 2 = ∑ 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 · 𝐹𝐸                                         (Equation 3.13) 

Where: 

EScope 2= Total amounts of CO2 emissions (tonnes) 

∑ Electricity Consumpion  = Total amount of Electricity Consumption in the port authority (kWh) 

FE= CO2 Emission Factor per country (tonnes CO2/kWh) 

Emission factors have been extracted from Carbon Footprint( 2019) and they are presented in appendix 4. 

 

3.3.3. Scope3: Other Indirect Sources 

In this scope, tenants’ emissions are calculated. Emission sources are divided into four main groups 

(Figure 3.3):  

- Mobile sources 

- Stationary sources 

- Purchased electricity 

- Employees’ commuting. 
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Figure 3.3: The emission sources of scope 3 

 

 Mobile Sources (Scope 3) 

The calculation of emissions of mobile sources in scope 3 is similar to scope 1, only Ocean Going Vessels 

are added. Their calculation is explained below: 

 

- Ocean-Going Vessels 

In order to calculate emissions from these sources Equations 3.6 and 3.7 have been used. In order to 

convert units, the Tables presented in appendix 3 (Table 1, 2 and 3) have been used and Emission Factors 

have been extracted from Table 3.14. 

 

Table 3.14: Emission factors for CO2, CH4 and N2O (IPCC, 2006) 

 

 

 Stationary Sources (Scope 3) 

The calculation is the same as the calculation of stationary sources in scope 1 (Equations 3.3 to 3.6). 
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 Purchased Electricity (Scope 3)  

The emissions due to electricity consumption by tenants have been calculated in the same way as in 

Scope 2 emissions (Equation 3.13). 

 Employees’ Commuting (Scope 3) 

Employees’ Commuting emissions have been calculated based on the availability of data. Figure 3.4 

offers a decision tree for selecting a calculation method for scope 3 emissions from employees’ 

commuting. 

 

Figure 3.4: Decision tree to select a calculation method for emissions from employees’ commuting 

(WRI and WBSCD, 2013) 

 

 Ports may use one of the following methods (WRI and WBSCD, 2013):  

• Fuel-based method: This method involves determining the amount of fuel consumed during 

commuting and applying the appropriate emission factor for that fuel. In this category, the calculation is 

the same as calculating emissions from mobile sources in scope 1 and scope 3. Therefore, Equations 3.6 

and 3.7 can be used. 

• Distance-based method: This method involves collecting data from employees on commuting patterns 

(e.g. distance travelled and mode used for commuting) and applying appropriate emission factors for the 

modes used. 

In this category, the emission factor of each transport and GHG per km have been used to calculate the 

emissions for each gas, as it can be seen in Equation 3.14. In order to calculate the value of CO2 

equivalent, Equation 3.4 has been used. 



Development of a standardized tool to calculate Carbon Footprint in ports 

110 
 

𝐸𝑖 = ∑ ∑ 2 · 𝑑𝑗 · 𝐹𝐸𝑘
𝑖 · 𝑊𝑜𝑟𝑘𝑖𝑛𝑔𝑑𝑎𝑦𝑠

𝑛

𝑗=1

𝑚

𝑘=1

                                            (Equation 3.14) 

Where:  

Ei= Total GHG emission (tonnes) 

2= The one-way distance multiply by two for the daily return trip 

dj = Distance travelled by the employee j (km o miles) 

FEk
i  = emission factor of GHG i based on the transportation method k (tonnes gas/(km o miles)) 

Working Days= Number of working days in the period of study 

K= Type of mean of transport 

The value of FEk
i can be found inTable 4 of appendix 3. 

 

• Average-data method: This method involves estimating emissions from employees’ commuting based 

on average data on commuting patterns. Companies should collect data on: 

- Number of employees  

- Average distance travelled by an average employee per day  

- Average breakdown of transport modes used by employees  

- Average number working days per year 

 

The company may collect average secondary data from sources such as national transportation 

departments, ministries or agencies, national statistics publications, and/or industry associations. 

In this category, only four types of transport have been considered: car, walking, bus or train. The 

calculation has been done based on the percentage of the employees using each mean of transport with 

respect to the total number of employees’ commuting and the average of the distances travelled by them. 

The emissions’ calculation has been done using Equation 3.15. 

 

𝐸𝑖 = 𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑑𝑎𝑦𝑠 · 2 · 𝑇𝑜𝑡𝑎𝑙𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 · (%𝑐𝑎𝑟 · 𝑑̅𝑐𝑎𝑟 · 𝐹𝐸𝑐𝑎𝑟
𝑖 + %𝑏𝑦 𝑓𝑜𝑜𝑡 · 𝑑̅𝑏𝑦 𝑓𝑜𝑜𝑡 · 𝐹𝐸𝑏𝑦 𝑓𝑜𝑜𝑡

𝑖 +

%𝑏𝑢𝑠 · 𝑑̅𝑏𝑢𝑠 · 𝐹𝐸𝑏𝑢𝑠
𝑖 + %𝑡𝑟𝑎𝑖𝑛 · 𝑑̅𝑡𝑟𝑎𝑖𝑛 · 𝐹𝐸𝑡𝑟𝑎𝑖𝑛

𝑖 )                    (Equation 3.15) 

Where: 

Ei = Total GHG emission (tonnes) 

Working Days= Number of working days in the period of study 

Total employees = Total number of employees 

% = Percentage of the employees using this method of transport compared with the total 

d̅ = Average distance made by employees using this method of transportation (km o miles) 

FEk
i  = Emission factor of GHG i based on the transportation method k (tonnes gas/ (km o miles)) 

 

The value of FEk
i  can be found in Table 4 of appendix 3. The number 2 in the formula is related to the 

return trip, this means the one-way distance multiplied by two for the daily return trip.  
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3.4. Development of the tool 

After defining the scopes and choosing all the formulae, a practicable, user-friendly and freely available 

tool for the calculation of Carbon Footprint in ports has been developed. This tool is specifically designed 

so that port authorities can calculate their Carbon Footprint and report it accordingly. 

The tool provides options to select the scopes that are more suitable and applicable to each port. In 

addition, it allows for normalizing (standardize to a common ground) the total annual emissions in terms 

of total tonnes of cargo handled or annual TEUs. This is basically done to allow for a comparison of the 

results of different ports standardizing to a common ground. In this tool, all the emission sources gathered 

in the standard guidelines (i.e. IPCC, GHG protocol and WPCI) are taken into account in this tool. 

The development of the tool has been done by using Excel software and visual basic. The programming 

of the tool has been done in the framework of Mr. Guillem Ferré master thesis of (Ferré, 2020). 

The completion of this excel based tool is expected to be around 20 minutes (if data are available) and it 

is divided into three steps: 

 Step1: General data such as the port’s name, the country and the port total cargo are required. 

 Step 2: The port should select the different scopes to be included in the calculation and the required 

data should be filled in order to get the final result. 

 Step 3: By pressing the result button, a report is produced with the total CO2 equivalent emissions 

and also with emissions by capacity (Carbon Footprint) and by scope. This document can be saved 

as a pdf file. 

It should be mentioned that if data are not available for some of the sources or if the issues or activities 

are not applicable to a particular port, it is not necessary to fill the boxes. The program will work in any 

case and the user can continue filling the rest of the tool. 

The tool, the guidelines and the video can be downloaded from http://eports.cat/carboonfootprint. Once 

the user downloads the three files, he/she should save them all together in a folder. Then, the user could 

run the tool by enabling it. Figure 3.5 shows the screenshot of the website and the link of the tool. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://eports.cat/carboonfootprint
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Figure 3.5: The screenshot of the website of the tool 

 

It is important to mention that Universitat Politècnica de Catalunya does not have access to any data 

provided by the port. The tool is totally confidential. 

 

3.4.1. Tool’s Introduction 

As mentioned before, the development of the tool has been based on the WPCI and IPCC guidelines and 

the GHG Protocol. It should be mentioned that in this section, the last version of the tool is presented 

which includes the modifications suggested in the validation process, described in the next chapter. 

The first screen of the tool presents a brief explanation about Climate Change and the different emissions 

scopes considered in the standard guidelines (Figure 3.6). 
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Figure 3.6: Introductory screen 

 

By pressing the “next” button of this screen the next one appears, which includes a description of the 

different steps of the tool (Figure 3.7). By clicking on the “Instructions” button, the user will obtain a pdf 

file with guidelines on how to complete the tool. In addition, by pressing the “Video tutorial” box, a video 

will be displayed with instructions. By clicking the “Start calculation” button, the calculation of GHG 

emissions calculation of the port is initiated. 

 

 

Figure 3.7: Steps of the tool 

 

 



Development of a standardized tool to calculate Carbon Footprint in ports 

114 
 

 The port general data 

As it can be seen in Figure 3.8, the first step of the tool includes the completion of the port general data. 

Here, some specific information of the port before calculating the emissions is needed. These general 

data, which are optional, are: 

 Port name 

 Port address 

 Country 

 Capacity (TEU/ Year) or Total Cargo (Million tonnes/ Year) 

 

As it is explained in the note 1 present in Figure 3.8, if data are not available for some of the sources or if 

any of the issues or activities are not applicable to a port, it is not necessary to fill in the boxes. The 

program will work in any case and the user can continue filling in the rest of the tool. 

In addition, as mentioned in note 2, the boundaries of the tool are the port area, and therefore all the 

emissions calculated should be the ones that are occurring in this area, not outside. 

 

 

Figure 3.8: General data of the port 

 

 Scopes 
By clicking on the ‘Next’ button, a new screen for selecting the scope appears (Figure 3.9). In order to 

have a realistic overview of the Carbon Footprint of the port, it is recommended to the emission of all 

three scopes.It should be mentioned that the project can be saved in each stage by clicking on the ‘Save 

Project’ button. In addition, it is possible to clear all data by clicking on the ‘Clean Project’ button. 
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Figure 3.9: Scopes’ selection 

 

By clicking on scope 1, a brief explanation of scope 1 is presented (Figure 3.10). In this slide, it is also 

possible to download the guidelines.  

 

 

Figure 3.10: Definition of scope 1 

 

In the next slides, the required data to calculate the emissions sources related to scope 1 are provided. 

Emission sources in this scope are divided into two main groups: mobile sources and stationary sources. 

As for the calculation of all sources of scope 1, the related cells should be filled with the appropriate data 

related to the port authority. There will be two screens pages for scope 1 (Figures 3.11 and 3.12) that 

belong to mobile sources and two screen pages that belong to stationary sources (Figures 3.13 and 3.14).  

Figure 3.11 presents the first screen page for scope 1, where data related to three categories of the mobile 

sources should be filled (if they exist in the port): 
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 Cargo Handling Equipment 

 On-Road Vehicles 

 Railroad Locomotives   

For each cell, the source type, fuel type, consumption amount and consumption unit should be provided. 

Then by pressing the ‘Add’ button, the source will be added to the list (see Figure 3.11). At the same 

time, by pressing the “delete” button, possible mistakes, if any, can be erased. 

 

Figure 3.11: First calculation screen of the mobile sources (scope 1) 

 

By clicking the ‘Next’ button, anew screen appears. In this slide of scope 1 (Figure 3.12), data related to 

two other categories of mobile sources should be filled (if they exist in the port), which are:  

 Port owned vessels  

 Construction Equipment 

 

Again for each cell, the source type, fuel type, consumption amount and consumption unit should be 

provided. Then by pressing the ‘Add’ button, the source will be added to the list (see Figure 3.12). 

 

 

Figure 3.12: Second calculation screen of the mobile sources (scope 1) 
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Now by clicking on the “Next” button, the required data for stationary sources related to scope 1 should 

be provided (Figure3.13). The necessary data (fuel type, consumption amount and consumption unit) 

related to three groups of stationary sources should be filled (if they exist in the port), which are: 

 Power plants 

 Boilers 

 Incineration plants 

 

 

Figure 3.13: First calculation screen of the stationary sources (scope 1) 

 

By pressing the ‘Next’ button, the last page of scope1 appears. In this screen (Figure 3.14), the required 

data (fuel type, consumption amount and consumption unit) related to three other groups of stationary 

sources should be completed (if they exist in the port), which are: 

 

 Generators 

 Facilities that use combustion processes 

 Wastewater treatment plants 

 

In the case of the wastewater treatment plants, the type of wastewater treatment plant and the type of 

industry this water comes from should be chosen. In addition in order to obtain the value, the data related 

to the “Organic component removed as sludge in inventory” and “Amount of CH4 recovered in inventory” 

Should be filled. 

Then the total emissions from scope 1 can be obtained by clicking the ‘Results’ button and it is possible 

to save it as a pdf file or to continue with the rest of the scopes and get the total amount of emissions at 

the end. In this case, the user should press the button ‘Go to Scope 2’. 
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Figure 3.14: Second calculation screen of the stationary sources (scope 1) 

 

Figure 3.15 presents the introduction screen to scope 2, where a brief definition of this scope is presented. 

By clicking the ‘Next’ button, the calculation page for scope 2 appears. 

 

 

Figure 3.15: Definition of scope 2 

 

In Figure 3.16, information on electricity data is required.  The consumption amount has to be introduced 

and the intensity should be selected from a list according to the country. The mix of energy, and therefore 

the emissions, will vary depending on the country. If the name of a country is not on the list or if the user 

is not satisfied with the intensity value, “other option” should be chosen and the desired value should be 

added to the intensity box. Then, by pressing the ‘Add’ button, different sources can be added to the 
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emission list. After that, the result of this scope can be obtained by clicking on the ‘Results’ button. 

Alternatively, the user can press the button ‘Go to Scope 3’ where these emissions will be calculated. 

 

 

Figure 3.16: Calculation screen of the scope 2 

Figure 3.17 shows a definition of scope 3. In this scope, the user should provide data related to tenants 

‘emissions and only from those emissions produced by their activities inside the port area, not outside as 

mentioned in the note present in this screen. 

Such emissionsare divided into four main groups: mobile sources, stationary sources, purchased 

electricity and employees’ commuting.The needed data of these four sources are presented in the coming 

screens of the tool (Figures 3.18- 3.26). 

The slides on mobile sources, stationary sources and purchased electricity are the same as those presented 

for scope 1. The main difference is that the data should be filled with tenants’ information and not with 

the port’s authority data. Therefore, these slides will not be repeated. The only variation is the inclusion of 

‘Ocean-Going Vessels’ in the mobile sources category. 
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Figure 3.17: Definition of scope 3 

By clicking on the ‘Next’ button in Figure 3.17, the emissions calculation of mobile sources of scope 3 

will start. As it can be seen in Figure 3.18, data related to the following three categories of the mobile 

sources should be filled, (if they exist in the port): 

 Cargo Handling Equipment 

 On-Road Vehicles 

 Railroad Locomotives   

In this step, the required data are fuel type, consumption amount and unit selection. Then, by pressing the 

‘Add’ button, all the sources will be added to the list. By clicking on the ‘Next’ button, the following 

calculation page of scope 3 appears. 
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Figure 3.18: First calculation screen of the mobile sources (scope 3) 

 

In the next page of the scope 3 (Figure3.19), the data related to the following three categories of mobile 

sources should be completed (if they exist in the port):  

 

 Harbour craft and inland waterway vessels 

 Ocean-going vessels 

 Construction Equipment 

Again for each cell, the source type, fuel type, consumption amount and consumption unit should be 

chosen.  
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Figure 3.19: Second calculation screen of the mobile sources (scope 3) 

 

At the next screen (Figure3.20), the required data (fuel type, consumption amount and consumption unit) 

related to three groups of stationary sources should be filled (if they exist in the port), which are: 

 

 Power plants 

 Boilers 

 Incineration plants 

 

 

Figure 3.20: First calculation screen of the stationary sources (scope 3) 
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In the next screen (Figure 3.21), the required data (i.e. fuel type, consumption amount and consumption 

unit) related to three other groups of stationary sources should be completed (if they exist in the port): 

 Generators 

 Facilities that use combustion processes 

 Wastewater treatment plants 

 

As it can be seen, most of the mobile and stationary sources are the same as scope 1, apart from ‘Ocean-

going vessels’ that is included in this scope since they do not belong to the port authority. 

 

 

Figure 3.21: Second calculation screen of the stationary sources (scope 3) 

 

By clicking on the ‘Next’ button, the emissions from tenant purchased electricity in scope 3 will be 

calculated. As in can be seen in Figure 3.22, the needed data of this stage are the consumption amount and 

the intensity which should be chosen based on the country, as explained before. 
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Figure 3.22: Tenant purchased electricity emissions calculation screen (Scope 3) 

 

Finally, to calculate the emissions from employees’ commuting, three methods according to the available 

type of the data are proposed as explained in section 3.3.3. Figure 3.23 offers a decision tree to select the 

most suitable calculation method for scope 3 emissions from employees’ commuting. Ports may use one 

of the explained methods. By clicking on the method, the related calculation page will be presented. 

 

 

Figure 3.23: Decision tree to select a calculation method for emissions from employees’ commuting 
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Figure 3.24 shows the calculation page of the Fuel-based method. As it can be seen, the required data are 

the type of vehicle, fuel type, consumption amount and unit. By clicking on the ‘Add’ button, the data 

will be added to the list. 

 

 

Figure 3.24: Calculation screen of employees’ commuting (Fuel-based method) 

 

Figure 3.25 shows the calculation page of the Distance-based method. As it can be seen, the required data 

are the type of vehicle, working days, distance and unit. By clicking on the ‘Add’ button, the data will be 

added to the list. 

 

 

Figure 3.25: Calculation screen of employees’ commuting (Distance-based method) 

 

Figure 3.26 shows the calculation page of the Average-data method. As it can be seen, the required data 

are the total number of employees, working days, percentage of total commutes based on the vehicle type 

and average one-way distance. By clicking on the ‘Add’ button, the data will be added to the list. 

 

 

Figure 3.26: Calculation screen of employees’ commuting (Average-data method) 

 

 Results’ of the tool 

Finally, in the last screen by clicking the ‘Results’ button, the results for three scopes and the total GHG 

emissions can be obtained. The results can be saved as a pdf file. A sample of the results as a pdf file is 
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presented in Figures 3.27 and 3.28.The values showed in these Figures for the Port are not real. The 

results of the tool are divided into four sections: 

 Total amount 

As it can be seen in Figure 3.27, the first information that is presented is the name of the port, followed by 

the port address, the country and the capacity (TEU or tonnes). Then the total CO2eq emissions are 

presented as well as the emissions by capacity. In addition, total values per scopes are displayed, 

including also a pie chart. 

- Scope 1 

In scope 1, the total amount of emissions and emissions of each of the mobile sources and 

stationary sources from this scope are presented including also two pie charts (Figure 3.27). 

- Scope 2 

As it is presented in Figure 3.28, the total amount of emissions from purchased electricity is 

presented. 

- Scope 3 

In this part, the total amount of emissions and the emissions of each of the mobile sources, 

stationary sources, purchased electricity and employees’ commuting from scope 3 are presented 

and its representation in two pie charts is included (Figure 3.28). 

It should be mentioned a paper has been published in Science of the Total Environment (STOTEN) 

Journal (Azarkamand et al., 2020c) from the development of the tool and it can be seen in appendix 7.3. 

This tool also was presented at the 8th international conference on Maritime Transport in Barcelona 

(September 2020) (Azarkamand et al., 2020d) (appendix 7.4) and at the online meeting of the Digital and 

Green Route Community working group (June 2021). 
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Figure 3.27: Sample of the result (Page 1) 
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Figure 3.28: Sample of the result (Page 2) 

 

3.4.2. User Guidelines 

After developing the tool, user guidelines have been prepared to help users to complete the tool. By 

clicking on the “Instructions” button, in the tool, the user will download a pdf file with guidelines on how 

to complete the tool. Figure 3.29 presents the first page of the guidelines as a sample. The complete 

document of the user guidelines can be found in appendix 5. There, all the screens and their definitions 

are presented. 
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Figure 3.29: The first page of the guidelines as a sample 

 

In addition, a Video file has been developed to help users to complete the tool. By pressing the “Video 

tutorial” box in the tool, a video is displayed with instructions. Figure 3.30 presents a screen of the video 

tutorial as a sample. 

 

 

Figure 3.30: A screen of the video tutorial 
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Chapter 4: Test and improvement of the tool 

 

In this chapter, the tool presented in chapter 3 was tested by different reviewers. In first place, 30 students 

of the subject “Climate Change” from the Industrial Engineering Bachelor Degree of UPC tried the tool. 

It was presented to them in class and they were asked to test the tool with a case study. Their feedback 

was taken into account to improve the tool. 

After this first enhancement of the tool, it was sent to 20 experts or reviewers: environmental port 

managers, environmental experts and port professionals all around the world. Feedback from 15 of them 

was obtained through personal visits, telephone calls or via email. Most of their suggestions were 

introduced in the tool through different amendments. Those comments that were not implemented have 

been justified in this section accordingly. Table 4.1 presents the participant entities to this validation 

phase and the positions of their respondents. 

 

Table 4.1: The list of participant entities and the position of their respondents 

The participant entities Position 

Ports de la Generalitat (Spain) Head of the Environmental Department 

Port of Barcelona (Spain) Head of the Environmental Department 

Port of Hamburg (Germany) Head of the Environment and Sustainability Strategy Department 

Gothenburg Port Authority (Sweden) Senior Environmental Manager. 

ESPO (European Sea Ports Organization) Senior Policy Advisor for Environment and Safety, 

Cardiff University (United Kingdom) EcoPorts Coordinator. 

Port of Valencia (Spain) Head of Environmental Policies 

Port of Ferrol (Spain) Head of the Sustainability Department 

Veracruz University (Mexico) Full professor and port expert 

Port of Amsterdam (The Netherlands) Program manager Corporate Social Responsibility  

Ramboll Consultancy (United States of America) Regional COO, West and Director of Strategy 

Port of Le Havre (France) Head of the Sustainable Development Department 

Port of Copenhagen (Denmark) Environmental, energy and climate consultant, project manager 

Pireaus Port Authority (Thessaloniki) Head of the environmental department 

Universitat Politècnica de Catalunya (Spain) Full professor and environmental expert 

 

The feedback obtained from the aforementioned experts and students has been classified based on the 

different sections of the tool. In first place, comments to each one of the first slides of the tool are 

introduced (i.e. introduction, steps’ description and general data of the port). Then suggestions for each 

one of the scopes are presented. Finally, feedback concerning the results and the guidelines are also 

included. 
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The actions taken for each one of the comments are presented in the next sections. The accepted 

comments are represented by the tick sign (✓) and the rejected comments are represented by the cross 

sign (X).  

 

4.1. Introduction to the tool 

- The first slide of the tool was considered to be too detailed with too much information, as it can be seen 

in Figure 4.1. It was suggested to summarize this description. 

 

 
Figure 4.1: Introduction slide in the first version of the tool 

 

 This suggestion was accepted and the modification was done, as it can be in Figure 4.2 (✓). 
 

 
Figure 4.2: Introduction slide in the final version of the tool 
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- The original background photo (Fig 4.1) was from a particular port website and it was suggested to 

change it for one that belonged to the authors to avoid copyright issues. 

 This suggestion was accepted and a photo owned by one of the authors was used as a background 

for all the slides, as it can be seen in Figure 4.2.  

 

4.2. Steps’ description 

- As it can be seen in this slide (Fig. 4.3), information about the confidentiality of the tool was not 

present. It was requested to highlight the fact that the information is confidential since this is a very 

important aspect for the users of the tool.  

 

 
Figure 4.3: Steps’ description in the previous versions of the tool 

 

 This suggestion was accepted and a sentence was addedmaking clear that the information was 

totally confidential. This can be seen in Figure 4.4, highlighted in red colour (✓).  

 

 
Figure 4.4: Steps’ description in the final version of the tool 
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4.3. General port Data 

The feedback related to general port data includes the following comments: 

- In this slide (Figure 4.5), the only way to introduce the capacity of the port was (TEU/year). It was 

proposed to add another option to provide this information: the total cargo of the port (million 

tonnes/year). 

 

 
Figure 4.5: General port data slide in the previous versions of the tool 

 

 This suggestion was accepted and a new box for total cargo was added as it can be seen in Figure 

4.6 (✓). 

 

 
Figure 4.6: General port data slide in the final version of the tool 
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- It was suggested to mention the possibility to proceed with the tool even if some sections were not 

applicable to a specific port or data were not available. 

 This suggestion was accepted and note 1 was added in a new box to the “General data of the port” 

as it can be seen in Figure 4.6. In this way, the tool can be used even if some boxes are not filled 

in (✓).  

- It was suggested to add an explanation to the “General data of the port” slide to clarify that the 

boundaries of the tool are the port area. As a consequence, it should be made clear that all the emissions 

calculated should be the ones that are related to those occurring in this area, not outside. 

 This suggestion was accepted and note 2 was added in a new box as it can be seen in Figure 4.6 

(✓). 

 

4.4. Scopes 

In the scopes section, the related comments from the reviewers are presented below:  

- It was proposed to provide the possibility to go from one scope to another without following a 

consecutive order and without needing to fill the three of them. 

 This suggestion was accepted and the modification was done. Now it is possible to move from one 

scope to another and go back (✓). 

- When you put the mouse on the box of any scope in the first slide of the scopes (Figure 4.7), it appeared 

the definition of each scope. This was confusing for some reviewers. It was proposed to remove these 

explanations from this slide and provide the full explanation of each scope once the user entered inside 

the scope. If he/she is not interested in this particular scope after reading the description, there is a 

button to go back to the main selection page. 

 

 
Figure 4.7: Scopes’ selection slide in the previous versions of the tool 
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 This proposal was accepted, the definitions were removed from the scopes’ first slide and new 

slides for defining each scope were added to the tool. Figure 4.8 shows a definition slide of scope 

1 as a sample (✓). 

 

 
Figure 4.8: Scopes’ definition slide in the final version of the tool 

 

- As it can be seen in the first box of Figure 4.9 (highlighted in red colour), when introducing data on the 

box of cargo handling equipment (as an example), the titles of the cells such as fuel type or consumption 

disappeared. The title of the cells was replaced with data. It was proposed to provide the possibility of 

seeing the title of the cells after inserting related data in the box. 

 

 
Figure 4.9: A sample screen of the previous versions of the tool 

 

 This suggestion was accepted and the modification was done as it can be seen in Figure 4.10 (✓). 
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Figure 4.10: A sample screen of the previous versions of the tool 

 

- Another comment made later related to this aspect was that now the titles of the cells were permanent 

and the user should erase cells to fill in data, as it can be seen in Figure 4.10. It was suggested to erase 

the name of the cells and put them on top of them to avoid their disappearance when moving inside the 

tool. 

 This suggestion was accepted and the modification was done as it can be seen in Figure 4.11(✓). 

 

 
Figure 4.11: A sample screen of the final version of the tool 
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-  One of the reviewers suggested that there are numerous difficulties and differences in setting the 

scopes, as some ports have their own unique definition of what should be considered scope 1, 2, and 3. 

It all depends on how the port sets up their authority, the lease agreements and other issues. 

 Although the tool provides a suggestion of what should be considered inside each scope 

according to the international standards, it is flexible enough to allow the user to decide what to 

put in each scope. In particular, scope 1 and 3 can be shaped by the user criteria since both scopes 

have all the activities. He/she just needs to decide where to locate each emission of the port 

activities. The problem is that then this port will not be able to compare results with another port, 

but it will be able to assess its trends over the years. Therefore, no action was taken since the tool 

is already prepared for this ().  

 

4.4.1. Scope 1 
The reviewers’ comments regarding scope 1 are summarized below: 

- It was suggested to add “Electricity” as a fuel type for the on road vehicles, as some of them may use 

electricity. 

 This suggestion was rejected. The research team agreed that these emissions belong to scope 2, 

together with all the rest of electricity consumption data (X). 

- It was suggested to add “Biogasoline” and “Biodiesels” as a fuel type for the on road vehicles in scope 1 

and scope 3, as some ports may use them. 

- This suggestion was accepted and the modification was done as it can be seen highlighted in red 

colour in Figure 4.12 (✓). 

 
Figure 4.12: Adding fuels type to the On-Road Vehicles in the final version of the tool 

 

- It was suggested to remove locomotives from the mobile sources list, as many ports do not have it. 
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 This suggestion was rejected as some ports might have locomotives. Therefore, it was considered 

to keep them in the tool in order to be more conservative. If it is not the case, the port just will 

leave the cell without being filled in and proceed with the calculation (X). 

- It was proposed to add the emissions from other industrial waste treatment to the stationary emission 

sources apart from waste water treatment plants. 

 It is true that a port could have a different type of waste treatment plant in its area. However, 

since this is not very likely and also the fact that there is another box for “facilities that use other 

combustion processes” (Figure 4.13, marked in red colour), it was considered not necessary to 

add a new box for these types of facilities. They could be introduced in the box of other facilities 

(X).  

 
Figure 4.13: A slide of scope 1 (showing other facilities) in the final version of the tool 

 

4.4.2. Scope 2 

The feedback related to scope 2 is presented below: 

- In the previous versions of the tool (Figure 4.14), the electricity emission factor was chosen by clicking 

on a data source button that took the user to a website (www.electricitymap.org) (Figure 4.15) where 

he/she had to select the country. This was a little bit confusing since the user was leaving the program to 

go to a website and then he/she needed to come back to the excel sheet. Therefore, it was proposed to 

select the electricity intensity according to the mix of the energy of each country with updated data 

without moving from the program. 

http://www.electricitymap.org/
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Figure 4.14: Previous versions of the tool 

(Selection of the electricity emission factor by clicking Data Source button) 

 

 

Figure 4.15: A screen of the website for choosing electricity emission factor 

 

 This proposal was accepted and the modification was done. Figure 4.16 presentsa screenshot of 

the new slide where the user selects the electricity emission factor from a list of countries (✓). 
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Figure 4.16: The screen of scope 2 where user can select the country for the electricity emission factor 

 

- It was suggested to provide an option to add the value of electricity emission factor manually in scope 2 

if the port has its own value. 

 This suggestion was accepted and a cell was introduced in the display of countries called “other”. 

If the name of a country is not in the list or if the user is not satisfied with the intensity value 

provided, by choosing the “other” button, the desired value can be added to the intensity box (✓) 

as it can be seen in Figure 4.17 (✓). 

 

 
Figure 4.17: A screen of scope 2 to add the value of electricity emission factor manually in the final version 

of the tool 

- It was suggested to put the name of countries in alphabetical order. 
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 This suggestion was accepted and the related modification was done as it can be seen in Figure 

4.16 or 4.17 (✓). 

 

4.4.3. Scope 3 

Comments on Scope 3 are summarized below: 

- As it can be seen in Figure 4.18, in the first version of the tool, Scope 3 was divided into two categories 

of sources: "Mobile" and "Stationary". It was suggested to add two more groups of sources which are 

"Tenants purchased electricity" and "Employees’ Commuting" to this scope. 

 

 
Figure 4.18: Scope 3 sources in the previous versions of the tool 

 

 This suggestion was accepted and the two aforementioned groups were added to scope 3 as it can 

be seen in Figure 4.19, highlighted in red colour (✓). 

 

 
Figure 4.19: Scope 3 sources in the previous versions of the tool 
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- It was suggested to divide the commuting of the port authority employees’ from the rest of employees’ 

commuting in the port and include the emissions of the first ones in scope 1 and the second ones in 

scope 3. 

 This suggestion was rejected. The emission from employees’ commuting is an indirect emission 

and cannot be in the scope 1 (direct emissions) (X). 

- It was suggested to include emissions from the whole life cycle of fuel production (i.e. from crude 

extraction until its use, including the refinement process) in the calculation system. 

 This suggestion was rejected. This was considered to be out of the scope of the tool. It would 

complicate the data gathering for the port, when it is already quite complex (X). 

- It was commented by some reviewers that it is very difficult to get data from tenants for the mobile 

sources inside the port area. An example of this could be gathering data for the emissions of trucks or 

ships inside the port area. If tenants provide data, probably it would be for the whole route of the truck 

or ship. So they suggested to specify very clearly in the tool the emissions required. 

 The research team agreed that this should be explained in detail in the tool in order not to create 

confusion and incorrect calculations. Tenants should only provide data inside the port area. An 

explanation about this was added in this section of the tool in the form of a note highlighted in 

red, as it can be seen in Figure 4.20 (✓). 

 

 
Figure 4.20: Scope 3 definition slide in the final version of the tool 

 

4.5. Results 

The feedback related the results’ section can be found below: 

- Initially, the emission results were only presented by scope as it can be seen in Figure 4.21. It was 

suggested to include also the results not only by scope but also by the total amount of CO2eq emissions, 

by TEU and by total cargo (Carbon Footprint). 
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Figure 4.21: Results sheet (pdf) in previous versions of the tool 

 

 This suggestion was accepted and the aforementioned values were added to the result page as in 

can be seen in Figure 4.22 (✓). 
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Figure 4.22: Results sheet (pdf) in the final version of the tool 

 

- Initially the results where only presented in Tables (Figure 4.21) and it was suggested to have a 

graphical description of the data.  

- This suggestion was accepted and below each table of emissions, a pie chart was included as it 

can be seen in Figures 4.22 (✓). 

- It was suggested to write the title of the graphs in the results sheet (pdf). 

- This suggestion was accepted and titles of the graphs were added to the results sheet, as it can be 

observed in Figure 4.22 (✓). 
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4.6. Guidelines 

There were also comments regarding the guidelines, which are presented below: 

- In the previous versions of the guidelines, for each slide a full screen of the tool was used to explain the 

section. This was considered to be very small and difficult to read as it can be seen in Figure 4.23. It was 

suggested to focus on the content of the slides more than in the format.  

 
Figure 4.23: A sample with the full screen of the tool in the previous versions of the guidelines 

 

 This suggestion was accepted and the slides were changed with new ones where the information 

is more readable and clearer. This is shown in Figure 4.24 (✓). 

 

 
Figure 4.24: A sample with the data of the tool in the final version of the guidelines 

 

- Originally, as it can be seen in Figure 4.25, the cells of the slides presented in the guidelines were 

empty, without data. It was suggested to change these slides that were not including any example on 
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how to fill in the cells by slides with filled cells (with example data), in order to have a better 

understanding of the tool. 

 

 

Figure 4.25: A sample screen without filled cells in the previous versions of the guidelines 

 

 The suggestion was accepted and the modification was done as it can be seen in Figure 4.26. 

Examples were included in the slides presented in the guidelines (✓). 

 

 

Figure 4.26: A sample screen with filled cells in the final version of the guidelines 

 

- It was suggested to divide the guidelines in different sections by numbering them. This will help the 

reader to go through them. 

 The suggestion was accepted and the modification was done. Now the guidelines are divided in 7 

sections to help the reader understand better them (✓). 
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- It was suggested not to use the name of a specific port as an example of the results section in the 

guidelines as it was initially done as showed in Figure 4.27. In particular, if the data is not real, as it is 

the case.  

 

 
Figure 4.27: Results sheet (pdf) in previous versions of the tool 

 

 This suggestion was accepted and the ports’ name was removed as it can be seen in Figure 4.22 

(✓). 
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4.7. General comments 

The general comments to the tool are presented below: 

- It was suggested to translate some keywords to Catalan or Spanish for the users of these areas. 

 This suggestion was accepted and the translation was sent by email to the users that requested it 

(✓). 

- Leisure and fishing ports commented that they could not answer all the questions of the tool. This 

complicated the fact of using the tool for them. 

 The research team suggested to them to skip the parts that are not applicable to them and proceed 

with the rest of the tool. The user is not obliged to answer all the questions or fill in all the boxes. 

In fact, a note 1 mentioning this has been added to the tool, it can be seen in Figure 4.6. This 

makes the user more comfortable to continue using the tool and it shows the fact that the tool can 

be adapted to any port (✓).  

- It was suggested that this tool could be more useful for ports that have not tried to calculate their Carbon 

Footprint than for those that they have already done it. It was questioned the need of this tool if the port 

has already its own method.  

 It is true that this tool can be very useful for small ports that are starting with the calculation of its 

Carbon Footprint. However, more experienced ports can also benefit from the tool since it 

provides a standard method which allows comparison between different ports. The fact of 

providing the results divided by total cargo or TEUs helps to conduct this comparison. In 

addition, it is a very complete tool that includes all the emission sources, scopes and requirements 

for the guidelines that in some of the existing methods are missing ().  

- An expert suggested that the emission factors used by the tool seem to be quite different from the ones 

he used (). 

 Concerning the emissions factors, the tool uses the standard values. Each individual port may 

have its own values that are probably more specific and detailed. However, it is complicated to 

create a standard tool where each port has to add its specific values. Some of them could do so, 

but others not. Therefore, it was decided to use the standard ones for scope 1 and 3, but for scope 

2, a part of providing the list of the electricity emission factors for each country and additional 

box was added to allow the user to introduce his/her particular value if necessary, as it can be 

seen in Figure 4.17.  

 

4.8. Summary of the tool’s modifications 

Table 4.2 presents a summary of the feedback obtained from the aforementioned reviewers for each 

section. It also includes a column indicating whether an action has taken concerning the comment because 

it has been accepted () or not because it has been rejected ().  
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Table 4.2: Feedback obtained and actions taken 

Reviewers’ feedback Action taken 

Introduction slide 

Summarizing the description present in this slide in the first version of the tool  ✓ 

Changing the background photo of the tool from a particular port website to one that belonged to the 

authors to avoid copyright issues 
✓ 

Steps’ description Highlighting the fact that the information is confidential ✓ 

General port Data 

Adding a box to introduce the total cargo to the tool in this slide ✓ 

Clarifying the option to proceed with the tool without completing all sections, if they are not 

applicable to a specific port or data are not available 
✓ 

Explaining that the boundaries of the tool are the port area ✓ 

 Scopes 

Ensuring the possibility to go from one scope to another without following a consecutive order and 

without no need to fill in the three of them 
✓ 

Removing the scopes’ definitions (by putting the mouse on them) from the scopes’ introduction slide ✓ 

Providing an option to see the title of the cells again (such as Fuel type, Consumption and etc.), after 

inserting related data in the cell 
✓ 

Erasing the name of the cells and put them on top of them to avoid their disappearance when moving 

inside the tool 
✓ 

Providing an option to the ports to be able to decide what to put in each scope  

Scope 1 

Adding  “electricity” as a fuel type in scope 1 and 3 for the on road vehicles, as some of them may use 

electricity 
 

Adding of “Biogasoline” and “Biodiesels” as a fuel type for the on road vehicles ✓ 

Excluding of the locomotives from the mobile sources list, as many ports do not have it  

Adding the emissions from other industrial waste treatment plants to the stationary emission sources  

Scope 2 

Adding an option to select the electricity intensity according to the mix of energy of each country with 

updated data in scope 2 
✓ 

Providing an option to add the value of electricity emission factor manually in scope 2, if the port has 

its own value 
✓ 

Modifying the name of countries based on alphabetic order ✓ 

Scope 3 

Adding two more groups of emission sources to scope three,  which are "Tenants purchased 

electricity" and "Employees’ Commuting"  
✓ 

Separating the port authority employees’ commuting from the rest of employees’ commuting in the 

port. Inclusion of the emissions of the first ones in scope 1 and the second ones is scope 3 
 

Including emissions from the whole life cycle of the fuel production (i.e. from crude extraction until 

its use, including the refinement process) 
 

Clarifying that tenants should only provide data inside the port area ✓ 

Results 

Presenting the results by total amount of CO2e emissions, but also by TEU, by total cargo and by 

scope 
✓ 

Presenting the results not only through Tables but also as  graphics ✓ 

Adding the  title of the graphs to the  result sheet (pdf) ✓ 

Guidelines 

Changing the slides presented in the guidelines focusing more on the content of the slides than in the 

format 
✓ 

Changing the slides present in the guidelines that were not including any example on how to fill them 

(with no data) by slides with filled cells (with example data) in order to have a better understanding of 

the tool 
✓ 

Removing the name of a specific port as an example in the result sheet ✓ 

Dividing different sections of the guidelines by numbering them to facilitate their understanding ✓ 

General Comments 

 

Translating some keywords to Catalan or Spanish ✓ 

Skipping the parts that are not applicable to the leisure and fisher ports and be able to proceed with the 

tool 
✓ 

Justifying the usefulness of this tool for both small ports that are starting with the calculation of 

Carbon Footprint and also more experienced ports 
✓ 

Using individual values for the emission factors required by the tool  

 

To conclude, the updated version of the tool was developed based on the amendments which are 

presented and justified above. The final screenshots of the tool are presented in chapter 3 and in the user 

guidelines in appendix 5. 
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Chapter 5: Case studies 

 
 

In this chapter, the new tool is being validated with some case studies. In first place, a case study with 

public data from the Port of Oslo (Norway) is used to test the tool (Port of Oslo, 2008). In second place, a 

case study with data from Ports de la Generalitat (Catalonia, Spain) is presented (OCCC, 2019). In both 

cases, the results obtained by the Port of Oslo (using ISO14064-1) and by Ports de la Generalitat (using 

the OCCC tool-Catalan Office for Climate Change) are compared with the ones calculated by the tool 

developed in this thesis. 

It is important to note, that in the tools used in the previous case studies, all the scopes and all the 

emission sources recommended by the World Port Climate Initiative Guidelines (WPCI, 2010), the IPCC 

guidelines (IPCC, 2006 and 2019b) and the GHG protocol (WRI and WBSCD, 2004) were not taken into 

account. For example, emissions from ocean going vessels, cargo handling equipment and wastewater 

treatment plant are not considered in any of the tools. On the contrary, the new tool, designed specifically 

for ports, includes all the aspects recommend by these port guidelines. In order to test the whole sources 

of each scope, a case study model port has been created using literature information and port expertise. 

This port is called Bandare-Bid port. The characteristics of this port are presented in the third section of 

this chapter. The emissions of this pre-settled port are then calculated using the new tool. These results 

are then compared with two additional tools to validate the results. Among the different tools that were 

reviewed in Chapter 3, two of them have been selected to make this comparison. These are the OCCC 

tool and the tool of the Ecological Transition Ministry (MITECO) of the Spanish government, since their 

guidelines are clear and easy to follow and they are freely available. These tools were mentioned in 

Chapters 3 but its calculation methodology is explained in detail in the second and third section of this 

chapter. Therefore, both tools have been used to calculate the emissions of this last case study. Then, the 

obtained results have been compared with those achieved with the tool developed in this thesis. The 

results of this comparison are presented at the end of this chapter. Finally, some conclusions are drawn. 

 

5.1. Case Study 1: Port of Oslo 

The Port of Oslo (Norway) was founded in the east of the Aker River in about 1050 AD. The city was 

burnt due to a great fire in 1624 and after that a new town (Christiania) was built under the walls of the 

Akershus fortress. During the 1800s, the town grew to absorb many nearby towns. By 1850, it had 
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replaced the Port of Bergen as the biggest and most powerful city in Norway. In 1925, Christiania was 

returned to its original name of Oslo. The Port of Oslo grew quickly after the Second World War, 

incorporating more and more towns. Now, Port of Oslo is operated by the municipality of Oslo. 

The port has approximately 100 employees with a head office at Vippetangen, and other offices located 

on Sjursøya. The port includes containers, dry bulk terminals and liquid bulk terminals and handles a 

diverse range of cargo and container traffic, including consumer goods, motor vehicles, grain, oil, salt and 

cement for the construction industry. The port facilitates efficient and environmentally friendly operations 

to support maritime transport, monitor traffic in the municipality's waters, and manage the port's 

properties and facilities in an economical and environmentally sound manner. Port of Oslo is certified in 

ISO 14001 for its management and operations since 2001 and it aims to become one of the world's first 

emissions-free ports (Port of Oslo, 2020). The Norwegian power production sector is predominantly 

based on hydropower, however, suppliers use a mix of locally produced power and imported power (Port 

of Oslo, 2008). Figure 5.1 shows the Satellite view of Port of Oslo. 

 

 
Figure 5.1: Satellite view of Port of Oslo (Port of Oslo website, 2020) 
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5.1.1. Data source 

The data used for this case study belongs to the calculation of the Carbon Footprint that the Port of Oslo 

conducted in 2007 and published in 2008 (Port of Oslo, 2008). Table 5.1 shows the data used to 

calculateCO2 emissions. The calculation was developed based on the ISO14064-1 standard (ISO, 

2006)(explained in section 1.3.3) which derives from GHG Protocol (WRI and WBSCD, 2004)(explained 

in section 1.3.2). The definitions of emission scopes used by the Port of Oslo are described in section 

2.1.3. 

 
Table 5.1: The data used to calculate CO2 emissions (Port of Oslo, 2008) 

Emission Source Fuel Type 
Consumption 

Amount 
Unit 

Scope 1 

Company owned cars 
Diesel 128068 Litre 

Motor Gasoline 43570 Litre 

Operational Vessels Owned by the port Diesel 37451 Litre 

Portable Worksite Generators Diesel 21921 Litre 

Scope 2 

Cranes  Electricity 613072 kWh 

Lightning Electricity 3258242 kWh 

Buildings Electricity 5226359 kWh 

Lighthouse Electricity 26669 kWh 

Others Electricity 130834 kWh 

Scope 3 
Cars Gasoline 44886 Litre 

Cars Diesel 8560 Litre 

 

5.1.2. Carbon footprint calculation done with the ISO 14064 method 

As it can be seen in Figure 5.2, in the case of the Port of Oslo, the largest emission source is scope 1 

(44.1%), followed by scope 2 (34.4%) and finally by scope 3 (21.4%).  

 

 

Figure 5.2: CO2 emissions (%) for the Port of Oslo by scopes (Port of Oslo, 2008) 

 

The results show that the total estimated CO2 emissions from the Port of Oslo activities are 1345 t CO2eq, 

as presented in Table 5.2. The relatively low outcome, to a large extent, is due to the fact that the Port of 

Oslo is being mainly driven by electricity based on hydropower, which is the major source of energy in 

Norway (Port of Oslo, 2008). Table 5.2 also shows the CO2 emissions for the port of Oslo by emission 

44.1%

34.4%

21.4%

Scope 1 Scope 2 Scope 3
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sources for each scope. Within scope 1, more than half of the emissions belong to diesel usage by 

company owned cars followed by port owned vessels (diesel). 

Within Scope 2, the highest percentage belong to the emissions from electricity usage by port buildings 

(56.3%) followed by emissions from electricity usage for harbor lightening (35.2%).  

In the port of Oslo, in scope 3 only the emissions from Employees’ commuting are calculated and the rest 

of the emissions of this scope are not taken into account. Employees’ commuting is the lower contribution 

to the total amount of the Carbon Footprint (21.4%).   

 
Table 5.2: CO2 emissions for the Port of Oslo by scopes and emission sources (Port of Oslo, 2008) 

Scope Source description CO2eq (tonnes) Percentages (%) 

Scope 1 

Fuel usage (diesel) by company owned cars in the Port of Oslo 337 56.7 

Fuel usage (petrol) by company owned cars (Port of Oslo) 101 17 

Fuel (diesel) usage by operational vessels owned by the Port of Oslo 98 16.5 

Fuel (diesel) usage by all operational machines owned by the Port of Oslo 58 9.7 

Total emissions of scope 1 594 44.1 

Scope 2 

Electricity usage by cranes owned by the Port of Oslo 31 6.7 

Electricity usage for the purpose of harbor lightning by the Port of Oslo 163 35.2 

Electricity usage for buildings owned and used by the Port of Oslo (e.g. heating, 

lightning, intake of power for ships, electricity car, etc.) 
261 

56.3 

Electricity usage by lighthouse owned by the Port of Oslo 1 0.2 

Electricity usage from other sources in the Port of Oslo 7 1.5 

Total emissions of scope 2 463 34.4 

Scope 3 
Employees’ commuting 288 100 

Total emissions of scope 3 288 21.4 

Total 1345 100 

 
5.1.3. Carbon Footprint calculation carried out with the new tool 

In this section, the same input data as the one of the Port of Oslo (2008) is used to validate the new tool. 

As it can be seen in Figure 5.3, the total estimated CO2 emissions from the Port of Oslo activities 

calculated by the new tool are 1293 t CO2eq. In addition, scope 1 is the largest emission source (47%), 

followed by Scope 2 with 36% of the total emissions. Scope 3 emits only 17% of total emissions.  

Within scope 1, 73.59% of emissions belong to on-road vehicles, 16.66% of emissions are for port owned 

vessels and 9.75% is for construction equipment. 
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Figure 5.3: CO2 emissions for the Port of Oslo by the new tool 

 

5.1.4. Comparison of the results 

Table 5.3 shows the comparison of the results obtained for the calculation of the Carbon Footprint using 

the two methods. As it can be seen in this table, the existing results of the port of Oslo are almost the 

same as the results of the new tool: 1345 CO2eq tonnes (Port of Oslo tool) in front of 1294 CO2eq tonnes 

(new tool). 

The total emissions of the scope 1 calculated by the port of Oslo are 594 CO2eq and by the new tool are 

611CO2eq. In this scope, using the port of Oslo method, 73.7% (56.7+17) of the emissions belong to the 

On-road vehicles (Table 5.2). With the new tool, these emissions are 73.6% (Figure 5.3), being practically 

the same. 16.5% of emissions belong to port own vessels when using the Port of Oslo method (Table 5.2) 

and with the new tool, 16.7% of the emissions belong to this source (Figure 5.3). Emissions from 

construction equipment calculated by both methods are 9.7%. 
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The reasons for the minor differences in scope 1 are due to the usage of different calculation methods. 

The Oslo Port is using the ISO14064 method whereas the new tool uses IPCC guidelines, GHG protocol 

and WPCI guidelines, more specific for ports. In addition, each method uses its own emission factors 

which vary depending on different elements such as type of industry, location and type of fuel. In 

particular, the new tool uses the ones of IPCC (IPCC, 2006 and 2019). 

The total emissions of the scope 2 calculated by the port of Oslo and by the new tool are 463 CO2eq 

(Table 5.3). 

Concerning scope 3, emissions of the employees’ commuting calculated by the port of Oslo are 288 

CO2eq whereas by the new tool are 220 CO2eq. This difference can be explained by the different 

calculation method used by the Port of Oslo and the new tool for this scope. In the port of Oslo study, the 

emissions are calculated based on two methods: fuel consumption and travel distance. In the new tool, 

according to the availability of data, the user must choose one of the following three methods: fuel-based 

method, distance-based method and average data method (section 3.4.1). In this case, the calculation has 

been done using the fuel-based method since to calculate the emissions based on the travel distance, the 

number of working days is needed and this information has not been provided by the port of Oslo. 

 

Table 5.3: Comparison of the Carbon Footprint results with the two methods 

Scopes Port of Oslo 2008 (CO2eq tonnes) Results of the new tool(CO2eq tonnes) 

1 594 611 

2 463 463 

3 288 220 

Total 1345 1294 

 

Overall, as it has been explained and presented in table 5.3, the results are quite similar. This shows that 

the new tool is almost in line with the one used by the Port of Oslo. 

 

5.2. Case study 2: Ports de la Generalitat 

Ports de la Generalitat represents a group of 26 ports located in the Catalan Coast of Spain. This 

organization was founded in 1998 and belongs to the Department of Territory and Sustainability of the 

Generalitat de Catalunya. It directs and manages fishing, sports and commercial ports and also regulates 

the use of commercial, cultural, sports, recreational facilities linked to the ports.  

Ports de la Generalitat is aware of the environmental impacts of its port activities. It has been certified 

with an Environmental Management System according to the European EMAS Regulation (EC 

Regulation 1221/2009 and EU Regulation 2017/1505) and the UNE-EN-ISO 14001: 2015 Standard. The 

verification of the System has been performed since 2009. 

Figure 5.4 shows the location of the Ports de la Generalitat. 8 of these ports are located in Girona, 6 of 

them in Barcelona and 12 of them in Tarragona. It is organized in three port areas (Port de la Generalitat, 

2020): 

 North Area: Girona (from the border with France to La Tordera) 

 Center Area: Barcelona (from La Tordera to the municipality of Cubelles with Cunit) 

 South Area: Tarragona (from the municipality of Cunit to the SéniaRiver). 
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Figure 5.4: The location of the Ports de la Generalitat (Ports de la Generalitat, 2020) 

 

5.2.1. Data source 

The data used for this case study (Table 5.4) belongs to the calculation of the Carbon Footprint that the 

Ports de la Generalitat conducted in 2018 (Ports de la Generalitat, 2018). The boundaries include the 26 

ports along the Catalonia coast. The north Area includes 7 offices, the center area 1 office and the south 

area 4 offices. In addition, the north area has 3 vehicles, the center area has 2 vehicles and the south area 

has 5 vehicles. 

Since 2012 they started to calculate GHG emissions every year using the tool developed by the Catalan 

Office for Climate Change (OCCC). This methodology is explained in detail in the next section.  

 
Table 5.4: The data used to calculate CO2 emissions (Ports de la Generalitat, 2018) 

Emission Source Fuel Type 
Consumption 

Amount 
Unit 

Scope 1 Cars (10 vehicles) 
Diesel 13568.84 Litre 

Motor Gasoline 1403.22 Litre 

Scope 2 
Offices (12 offices) Electricity 120811 kWh 

Ports Electricity 780931 kWh 
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5.2.2. Introducing the Catalan Office for Climate Change (OCCC) tool 

As it is mentioned in section 1.3.5, in 2008 the Catalan Office for Climate Change developed an excel 

based tool to calculate CO2 emissions. The latest version of this tool with its guideline was published in 

2019. The purpose of this guideline is to facilitate the estimation of GHG emissions (OCCC, 2019).  

The calculation tool of the OCCC has been developed based on the GHG Protocol (WRI and WBSCD, 

2004; section 1.3.2)and the latest version of ISO 14064 standard (ISO, 2006; section 1.3.3). In this tool, 

emissions are categorized into 3 scopes (OCCC, 2019): 

 Scope 1 (Direct emissions): They include direct emissions that come from sources owned or 

controlled by the entity generating the activity. 

  Scope 2 (Indirect emissions): These comprise the emissions derived from electricity 

consumption, and heat, steam and cooling. 

 Scope 3 (Other indirect emissions): They include all other indirect emissions. Scope 3 emissions 

are a consequence of the entity’s activities, though they come from sources that are not owned or 

controlled by the entity. 

The OCCC tool consists of 20 excel sheets. Five sheets belong to scope 1, two sheets are for scope 2, nine 

sheets are for scope 3 and the rest of the sheets present a summary, an explanation and emission factors. 

Figure 5.5 presents the first sheet of the tool. Here some data are required such as the name of the 

organization, the emission calculation period or the number of employees (white cells on the left side of 

the figure). If the user wants to compare the current results with the ones of the previous year, he/she can 

introduce the former results in the white cells on the right side of the sheet. 

The result of the emissions based on the different scopes and sources, together with the total emissions are 

presented in the grey cells. After that, there is a set of sheets dedicated to each scope. Since the complete 

explanation of the tool is too broad, a summary for each scope is presented below. 

Scope 1 

Emissions from scope 1 that come from sources owned or controlled by the entity’s activities are 

calculated in 5 sheets of this tool. These sources are: 

 Fossil fuel consumption by different sources 

In order to calculate emissions from fossil fuel consumption, the user should enter the data (amount of the 

fuel and the unit) based on the fuel type.  

 Road transport 

The user can calculate emissions from road transportation using different alternative methods based on 

the fuel consumption, fuel expedition and distance travelled. It should be mentioned that the electricity 

consumption (Kwh) of the electric vehicles must only be entered once, either on the electricity sheet 

(scope 2) or the road transport sheet (scope 1). 

 Rail transport 

In order to calculate emissions from rail transport, the user should provide data like total distance 

travelled and the number of passengers for each means of transport. 
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Figure 5.5: The first sheet of the OCCC tool 
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 Sea transport 

Sea transport emissions are calculated based on fuel consumption or distance travelled. In order to 

calculate emissions from passenger or freight transport by fuel based method, the user should insert the 

amount of the consumed fuel in the corresponding sheet.  

 Fugitive emissions 

To calculate fugitive emissions, the user should enter the amount of fluorinated gas (kg) in the white cell.  

 

Scope 2 

The user can calculate the emissions from electricity consumption depending on specific circumstances: 

1. Electricity consumption from the grid without a GoO certificate40 

2. If the electricity consumption from the grid is from renewable sources with a GoO certificate, the CO2 

emission factor is 0. 

3. Electricity self-consumed from an installation owned by the company indicates only self-consumed 

kWh and the CO2 emission factor is 0.   

4. If the electricity consumption from a facility is not connected to the grid and not owned by the 

company, the user should enter the CO2 emission factor manually according to the type of facility from 

which electricity is consumed.  

Then, the user should enter the general grid or a Mix from a specific trading company. The user should 

indicate if he/ she uses own trading company’s mix or the general mix of the grid without GoO. In the 

event the user uses the trading company’s mix, he/she should enter the CO2 emission factor in accordance 

with the data available at: 

 - Practical Guide for Calculating Greenhouse Gas Emissions. Version: 2019 (OCCC, 2019) 

 - The web site of the National Commission on Markets and Competition  (CNMC, 2020) 

Finally, the user should enter the amount of electricity consumption in kWh. 

Figure 5.6 shows the calculation sheet for emissions derived from electricity consumption to produce 

heat, steam and cooling. As it can be seen, the carmine cells are for default data such as emission factors, 

the grey cells present calculation results and the red cell show the final results of the sheet. 

 

                                                           

40A Guarantee of Origin (GoO) is similar to a green certificate. The GoO proves that power has been produced from a specific source. 

http://canviclimatic.gencat.cat/ca/redueix_emissions/com-calcular-emissions-de-geh/guia_de_calcul_demissions_de_co2/
http://gdo.cnmc.es/CNE/resumenGdo.do?informe=etiquetado_electricidad
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Figure 5.6: The second sheet of scope 2 of the OCCC tool 

 

Scope 3 

Scope 3 emissions (indirect emissions) are a consequence of the entity’s activities, although they come 

from sources that are not owned or controlled by the entity. These sources are calculated in 8 sheets of the 

OCCC tool. These sources are: 

 Road transport 

The user can calculate emissions from the journey made by the staff of an organization when they travel 

from home to work and from work to home. In addition, it also includes emissions from the journey made 

for distribution of goods and services purpose, using different alternative methods based on the fuel 

consumption, fuel expedition and distance travelled. The user can calculate the emissions from urban 

buses by entering the distance. 

 Rail transport 

The user can calculate emissions for different means of train transports by entering rout, total distance 

travelled (km) and the number of passengers for commercial journeys, distribution journeys and staffs’ 

journeys from home to work and from work to home.  

 Sea transport 

The user can calculate emissions from commercial journeys, distribution journeys and freight transport 

based on fuel consumption or distance travelled. The user can follow the same way as sea transport in 

scope 1. 

 Air transport 

The emissions are estimated using the ICAO (International Civil Aviation Organization) Carbon 

Emissions Calculator (ICAO, 2016). The user can calculate the emissions by entering the type of ticket, 
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type of journey, number of passengers, number of stops, city of origin, city of destination, flight distance 

(km) and fuel consumption (kg). 

 Fugitive emissions 

The fugitive emissions calculation is similar to scope1. 

 Waste 

In order to calculate emissions from waste, the user should enter the amount of generated different types 

of waste in the related cells. Waste emissions include emissions generated from a product that ends up as 

waste and it is left inside bins until its final treatment. This includes direct and indirect emissions from the 

entire management process: collection and transport, transfer stations, pretreatment plants, and final waste 

treatment and disposal plants. 

 Water 

The user can calculate emissions from water consumption by entering the amount of consumed water 

(m3).  

 Electricity 

The method of electricity consumption emissions of tenants is the same as scope 1. 

 Fossil fuel consumption 

The calculation of emissions from fossil fuel consumption is also the same as scope 1. 

 

5.2.3. Results of Ports de la Generalitat using OCCC 

This section presents the emissions obtained after the application of the OCCC methodology to the Ports 

de la Generalitat case study for the three scopes. It should be mentioned that in this tool, for scope 1, only 

the emissions from transportation are taking into account. Emissions from port own vessels, construction 

equipment and cargo handling equipment are not included whereas they are in the new tool. In addition, 

for scope 3, only the emissions from water consumption are calculated. This is not common in any of the 

standards. 

As it can be seen in Table 5.5, the total amount of emissions in scope 1, scope 2 and scope 3 are 36.8, 

315.6 and 10.4 tonnes CO2eq, respectively. The total estimated CO2 emissions from the Ports de la 

Generalitat including scope 3 are 362.8 t CO2eq. The higher percentage of emissions corresponds to 

electricity consumption (86.9%).  

 
Table 5.5: The result of the GHG emission in Ports de la Generalitat in 2018 (tonnes CO2eq) 

(Ports de la Generalitat, 2018) 

Emission sources  2018 Percentages (%) 

Scope 1 (Transportation) 36.8 10.2 

Scope 2 (Electricity consumption) 315.6 86.9 

Scope 3 (Water consumption) 10.4 2.9 

TOTAL tonnes CO2eq 362.8 100 
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5.2.4. Carbon Footprint calculation carried out with the new tool 

In this section, the same input data as the one of the Ports de la Generalitat (2018) was used to validate the 

new tool. As it can be seen in Figure 5.7, the total estimated CO2 emissions from the Ports de la 

Generalitat activities calculated by the new tool are 299.8 t CO2eq. As with the previous tool, scope 2 is 

the largest emission source (87%), followed by Scope 1 with 13% of the total emissions. In the previous 

calculation using the OCCC tool, Ports de la Generalitat included in scope 3 only the emissions from 

water consumption. These emissions are not included in any other international guidelines, therefore the 

tool presented in this thesis does not take into account these emissions.  On the contrary, international 

standards consider the emissions from commuting and tenants in scope 3. Since the new tool follows 

these standards and there was not information on the commuting or tenants’ emissions, there is no value 

for Scope 3 emissions.  
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Figure 5.7: CO2 emissions for the Ports de la Generalitat by the new tool 

  

5.2.5. Comparison of the results 

Table 5.6 shows the comparison of the results obtained for the calculation of the Carbon Footprint using 

the two methods. As it can be seen, the existing results are almost the same as the results of the new tool: 

352.4 CO2eq tonnes without scope 3 emissions (OCCC tool) in front of 299.8 CO2eq tonnes (new tool). 

This shows that the new tool is almost in line with the one used by the OCCC tool. The reasons for the 
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minor differences are due to the usage of different calculation methods (more specific for ports in the case 

of the new tool) and different emission factors. As it mentioned before, the emission factors are different 

because each method uses its own emission factors and they vary according to different elements such as 

type of industry, location and type of fuel. 

Table 5.6: Comparison of the Carbon Footprint results with the two methods (CO2eq tonnes) 

Scopes Ports de la Generalitat (OCCC tool) Results of the new tool 

1 36.8 40.2 

2 315.6 259.7 

3 10.4 - 

Total 362.8 299.8 

 

5.3. Case study model 

The purpose of this case study model is to be able to test the full capacity of the tool, this means all the 

emission sources included in the WPCI, and the IPCC guidelines and GHG Protocol. Finding a real port 

that has all these emission sources is complicated. In addition, this port has to share its data for this study. 

Confidentiality issues and the Covid-19 situation have not helped to achieve this. After a deep research in 

literature (e.g. Chang et al., 2013, Olukanni  & Esu, 2018, Akerman & Hojer, 2006, Misra et al 2017 and 

López-Aparicioet al., 2017) and getting in contact with several ports, it has been seen that finding this 

port was practically impossible. For this reason, as mentioned at the beginning of this section, it has been 

necessary to create a case study model to validate all the sources recommended by guidelines for ports in 

the three scopes of the new tool. The information used to create the case study has been extracted from 

the data gathered in the Appendix 6 and from consultation with port experts. This port is called Bandare-

Bid port and it is presented below. 

 

5.3.1. Introducing the Bandare-Bid port 

The capacity of the new port is about 20,5 milion tonnes and 791,666 TEU per year. The cruise and ferry 

terminal has around 520,120 passengers annually. It is assumed, this port is located in Iran. The port is 

home to 5 terminals including one container terminal, one fishing terminal, one dry bulk terminal, one 

liquid bulk cargoes terminal and a cruise terminal. This port has an organic chemical industry, a 

wastewater treatment plant, a waste incineration plant and a power plant which are managed by tenants. 

The total number of employees is 145. The different parts of this port are presented in Figure 5.8. 

As it mentioned in chapter 3, emission sources in ports are divided into four main groups: Mobile sources, 

Stationary sources, Purchased electricity and Employees’ commuting. In the next section, the amounts of 

consumed fuel in the different sources are presented. They are categorized based on the scopes which are: 

 

Scope 1 (Port Authority): It includes the main offices of the port authority, a restaurant, some mobile 

and stationary sources such as cargo handling equipment, construction equipment, port owned on-road 

vehicles and port Owned Vessels. 

Scope 2 (Purchased Electricity): It includes the electricity consumption in the different sources of the 

port authority. 

Scope 3 (Tenants): It includes different mobile and stationary sources in the container terminal, the 

fishing terminal, the dry bulk terminal, the liquid bulk cargo terminal, the cruise terminal, the power 
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plant, the waste incineration plant, the electricity consumption from tenants and the employee’s 

commuting. 

 

 
Figure 5.8: Different parts of the Bandare-Bid Port 

- Scope 1 

The sources of this scope are directly under the control and operation of the port authority. These sources 

are divided into two main groups: Mobile sources and Stationary sources. The amounts of consumed fuel 

in the different sources of the port authority are presented in Table 5.7. As it can be seen in this table, the 

mobile sources include cargo handling equipment, on-road vehicles, port owned vessels and construction 

equipment. The stationary sources include boilers and generators. 

 

Table 5.7: Fuel consumption in different sources of the port authority (Scope1) 

Sources Name Number  Fuel type Consumption Unit 

M
o
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e 
S

o
u

rc
es

 

Cargo handling 

equipment 

Crane 3 Diesel 19,800 L/yr 

Yard Tractor 2 Diesel 12,807 L/yr 

Forklift 1 Diesel 8,250 L/yr 

On-Road 

vehicles 

Vehicles (cars) 8 Biodiesel 8,800 kg/yr 

Vehicles (cars) 11 Gasoline 6,947 L/yr 

Diesel heavy truck 3 Diesel 53,663 L/yr 

Port Owned 

Vessels 

Assist Tugboats * 1100call Diesel 1,320,700 L/yr 

Cleaning boats 620 call Diesel 830,200 L/yr 

Others(e.g. ,work 

boats**, Towboats 

and Push boats***) 

825call Diesel 990,600 L/yr 

Construction 

equipment 

Earth moving 

Equipment 
2 Diesel 18,200 L/yr 

Dredger 3 Diesel 8,708 L/yr 

Portable  generator 3 Diesel 8,202 L/yr 

Stationary 

Sources 

Boilers 2 Petroleum cock 25,480 Kg/yr 

Generators  2 Petroleum cock 21,805 Kg/yr 
*Assist Tugboats assist OGVs during maneuvering and docking 

** Work boats carry workers to offshore locations 

***Towboats and Push boats –move barges and other floating objects 
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- Scope 2 

As mentioned in chapter 3, scope 2 includes Purchased electricity which is consumed in the routine 

operation of the port authority. Table 5.8 presents the amounts of electricity consumption by different 

sources of the port. It should be mentioned that since the port is assumed to be located in Iran, the average 

CO2 specific emission factor in Iran has been used, which is 571.29 g/kWh (Noorpoor and Nazari, 2015). 

This amount should be entered manually in the new tool. 

 

Table 5.8: The amounts of the electricity consumption by different sources of the port 

Name Consumption Unit 

3 Cranes owned by port  115,102 kWh/yr 

Heating  101,284 kWh/yr 

Cooling  85,052 kWh/yr 

Property electricity  35,468 kWh/yr 

Construction equipment (2 Earth moving 

Equipment and 3 dredger) 

22,207 kWh/yr 

Public lighting on roads and terraces  135,125 kWh/yr 

Offices and Restaurant 185,254 kWh/yr 

Lighthouses and maritime signaling  50,750 kWh/yr 

Other (telecommunications systems, 

weather stations, cameras, etc.) 
102,196 kWh/yr 

 
- Scope 3 

These sources are associated with tenant operations and include ships, trucks, cargo handling equipment, 

rail locomotives, harbor craft, tenant buildings, tenant purchased electricity, and the commuting of port 

authority employees and tenant-employees’ commuting. 

The tenants of the Bandare-Bid port are a container terminal, a fishing terminal, a dry bulk terminal, a 

liquid bulk terminal and a cruise terminal. In addition, a power plant and a waste incineration plant are 

under the control of tenants. It should be also mentioned that the emissions produced by the Ocean-Going 

vessels while they are at berth and in the port are calculated in this scope. 

 

Tenant 1- Container Terminal 

The capacity of terminal 1 is 791,666 TEUs. When the ship arrives, the cargo is then taken from the 

warehouse to the quay and then lifted on board by the cranes. Once on board each item must be stowed. 

Before any loading takes place, any signs of the previous cargo are removed. The discharge of the ship is 

the reverse of the loading operation. The cargos of this terminal mostly include paper reels, wooden boxes 

and electrical devices. It should be mentioned that in this terminal, there is a railroad locomotive that 

transfers 2,400,000tonnes of goods annually to the hinterland. In addition, in this terminal, there are 155 

calls per year for containerships and they carry 587, 354 TEU of cargo per year and 51,750 tonnes of 

goods are transferred by trucks. Table 5.9 shows the amounts of consumed fuel in different sources of this 

terminal. 
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Table 5.9: Fuel consumption in different sources of container terminal 1 (Scope 3) 

Sources Name Number  Fuel type Consumption Unit 
M

o
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e 
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Cargo handling 

equipment 

Container Handler 3 Diesel 5,860 L/yr 

Crane 3 Diesel 7,650 L/yr 

Tractor 3 Diesel 5,560 L/yr 

Forklift 2 Diesel 3,150 L/yr 

On-Road vehicles 
Vehicles (Cars) 12 Gasoline 6,245 L/yr 

Heavy truck 6 Diesel 32,663 L/yr 

Rail road Locomotives 100 km*  1 Diesel 185,487 L/yr 

Ocean going 

vessels 
Containership 155 calls Diesel 210,300 L/Yr 

Construction 

equipment 

Earth moving 

equipment 
3 Diesel 6,120 L/yr 

Portable  generator 3 Diesel 7,320 L/yr 

Stationary 

Sources 
Generators 2 Petroleum cock 12,805 Kg/yr 

Purchased electricity Electricity 365,100 kWh/yr 
*There is one railway and it transfers 2,400,000 tonnes of the cargo to the next city which is in 100 km. 

 

Tenant 2- Fishing Terminal 

The capacity of this fishing terminal is 2,650 tonnes. Of this amount, 1,200 tonnes of fishes are 

transported by refrigerated trucks and 1,450 tonnes are carried by refrigerated cargo vessels. Table 5.10 

shows the amounts of consumed fuel in different sources of this terminal. 

 

Table 5.10: Fuel consumption in different sources of Fishing Terminal (Scope 3) 

Sources Name Number  Fuel type Consumption Unit 
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Cargo handling 

equipment 

Container handler 3 Diesel 5,100 L/yr 

Crane 3 Diesel 8,695 L/yr 

Forklift 3 Diesel 5,095 L/yr 

On-Road vehicles 
Vehicles  10 Gasoline 4,230 L/yr 

Trucks 5 Diesel 21,936 L/yr 

Harbor Craft 

Commercial Fishing 

Vessels 
65 calls Diesel 90,500 L/Yr 

Local Ferries 25 calls         Diesel 31,500 L/Yr 

Ocean going vessels 
Refrigerated Cargo 

Vessel 
145 calls Diesel 201,880 L/Yr 

Construction 

Equipment 
Portable  generator 4 Diesel 12,540 L/yr 

Stationary 

Sources 
Generators 2 Petroleum cock 10,805 Kg/yr 

Purchased electricity Electricity 165,100 kWh/yr 

 

Tenant 3- Dry bulk terminal 

This dry bulk terminal is used as a buffer between an incoming and outgoing flow of bulk solids materials 

mainly iron, cement, tin, steel, and grains in its cargo holds. The capacity of this terminal is 9,250,000 

tonnes. In this terminal dry bulks are being loaded and unloaded. Then they are transferred by trucks 

(72,450 tonnes) and by dry bulk container ships (9,177,550 tonnes) to their destinations. The amounts of 

consumed fuel in different sources of this terminal are presented in Table 5.11. 

 

 

 

 



Development of a standardized tool to calculate Carbon Footprint in ports 

168 
 

Table 5.11: Fuel consumption in different sources of dry bulk terminal (Scope 3) 

Sources Name Number Fuel type Consumption Unit 

M
o
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Cargo handling 

equipment 

Dry bulk handler 3 Diesel 5,750 L/yr 

Crane 2 Diesel 7,100 L/yr 

Tractor 3 Diesel 4,950 L/yr 

Forklift 2 Diesel 2,750 L/yr 

Sweeper 2 Diesel 980 L/yr 

On-Road vehicles 
Vehicles (Cars) 12 Gasoline 5,200 L/yr 

Heavy truck 7 Diesel 23,500 L/yr 

Ocean going vessels Dry Bulk Carrier 250 calls Diesel 318,200 L/Yr 

Construction Equipment Portable  generator 2 Diesel 7,200 L/yr 

Stationary 

Sources 
Generators 2 Petroleum cock 14,050 Kg/yr 

Purchased electricity Electricity 325,000 kWh/yr 

 

Tenant 4- Liquid bulk terminal 

The capacity of the liquid bulk terminal is 4,300,000 tonnes. Vegetable oils, fish oils and dairy products 

(e.g. milk, liquid yogurt) are the bulk liquids of this terminal. It should be mentioned, 3,060,000 tonnes of 

these liquid bulks are carried by Cargo ships, 1,226,200 tonnes are carried by the Refrigerated ships and 

13,800 tonnes are carried by the trucks. The amounts of consumed fuel in different sources of this 

terminal are presented in Table 5.12. 

 
Table 5.12: Fuel consumption in different sources of liquid bulk terminal (Scope 3) 

Sources Name Number  Fuel type Consumption Unit 
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o
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Cargo handling 

equipment 

Container Handler 2 Diesel 2,100 L/yr 

Crane 1 Diesel 3,100 L/yr 

Tractor 1 Diesel 2,500 L/yr 

Forklift 1 Diesel 1,250 L/yr 

On-Road vehicles 
Vehicles (Cars) 6 Gasoline 2,100 L/yr 

Heavy truck 2 Diesel 10,550 L/yr 

Ocean going vessels 
General Cargo Ship 85 calls Diesel 115,350 L/Yr 

Refrigerated Vessel 30 calls LPG 25,250 Kg/Yr 

Construction equipment 
      Earth moving equipment 1 Diesel 4,200 L/yr 

Portable  generator 1 Diesel 3,700 L/yr 

Stationary 

Sources 
Generators 1 

Petroleum 

cock 
9,400 Kg/yr 

Purchased electricity Electricity 153,000 kWh/yr 

 

Tenant 5- Cruise terminal 

The cruise terminal handles around 100 calls with 400,120 passengers. In addition, this terminal has 

600 calls with about120,000 passengers for the local ferries annually. Table 5.13 presents the amounts 

of consumed fuel in different sources of this terminal. 
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Table 5.13: Fuel consumption in different sources of Cruise terminal (Scope 3) 

Sources Name Number Fuel type Consumption Unit 
M

o
b
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e 
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Cargo handling 

equipment 

Container Handler 1 Diesel 1,100 L/yr 

Forklift 1 Diesel 880 L/yr 

On-Road vehicles 
Vehicles (Cars) 3 Gasoline 850 L/yr 

Heavy truck 2 Diesel 920 L/yr 

Harbor crafts Local Ferries 600 calls Diesel 805,500 L/Yr 

Ocean going vessels 
General Cargo Ship 100 calls Diesel 140,220 L/Yr 

Passenger ship 100 calls Diesel 180,700 L/Yr 

Construction equipment Portable  generator 3 Diesel 7,400 L/yr 

Stationary 

Sources 
Generators 2 Petroleum cock 8,950 Kg/yr 

Purchased electricity Electricity 210,000 kWh/yr 

 

Tenant 6- Power plant 

This Power plant generates electricity by burning petroleum coke. It works daily and provides the 

electricity supply for the tenants. The installed capacity of the power plants is 120 Mwh and it consumes 

395000 Kg of petroleum coke annually. 

 

Tenant 7- Organic Chemical Industry 

An Organic chemical industry is located in the port. The industrial organic chemical sector produces 

organic chemicals (those containing carbon) used as either chemical intermediates or end-products. 

Generally, it produces raw materials and intermediates, as well as a wide variety of finished products for 

industry, business and individual consumers (EPA, 1995). 

The industry which is located in the Bandare-Bid port produces about 860 tonnes per year of Plastics 

Materials, Soaps, Cleaners, Toilet Goods, Gum and Wood Chemicals. 

The fuel used by this industry is natural gas. This industry consumes 15,000 m3 of natural gas per year 

and produces 40 tonnes of waste which is burnt in the incineration plant located in the port. This industry 

consumes 330,700 kWh/yr electricity. 

 

Tenant 8- Wastewater treatment plant 

In order to validate the new tool, in the Bandare-Bid port, there is a wastewater treatment plant that 

belongs to the aforementioned organic chemical industry. In this plant, an anaerobic treatment method is 

used.  

The assessment of the potential production of CH4 from industrial wastewater streams is based on the 

concentration of degradable organic matter in the wastewater, the volume of wastewater, and the 

propensity of the industrial sector to treat their wastewater in anaerobic systems (IPCC, 2019). 

Based on the IPCC guidelines (IPCC, 2006 and 2019), the default value for removal of the organic 

component from wastewater as sludge in anaerobic wastewater treatment plants without separate primary 

treatment is 1.16 and the default for CH4 recovery is zero. 
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Tenant 9- Waste incineration plant 

There is a waste incinerator plant in the port area that belongs to the organic chemical industry which is 

located in the port area.About40 tonnes per year of residues are burnt in this site coming from the waste 

generated in the Organic chemical industry. The produced energy is used as an energy input to the 

incineration process. 

It is considered that the type of incinerator is a continuous stoker which is a combustion system that 

consists of a series of stepped fire grates. They move back and forth to facilitate efficient contact between 

the waste and air, ensuring stable combustion of the waste despite its non-uniform properties. 

 

Port waste 

A part from the waste generated in the Organic chemical industry that is incinerated, other residues are 

produced in this port. These are presented in Table 5.14. This distinction is necessary for the OCCC tool 

calculation that takes into account all type of residues, not for the one developed in this thesis.  

 
Table 5.14: Amounts of the waste based on the different categories 

Categories Amount (Tonnes/yr) 

Paper 115 

Glass 185 

Light weight packages  95 

Organic wastes 205 

Organic chemical industry’s waste 40 

Others 135 

 
Purchased Electricity  

Table 5.15 presents the amounts of electricity consumption generated by different sources of the tenants. 

As in mentioned in scope 2, the average CO2 specific emission factor used for this study is the one for 

Iran, 571.29 g/kWh (Noorpoor and Nazari, 2015). 

 

Table 5.15: The amounts of the electricity consumption by different sources of the port 

Name Consumption Unit 

Container Terminal   365,100 kWh/yr 

Fishing Terminal 165,100 kWh/yr 

Dry Bulk Terminal 325,000 kWh/yr 

Liquid Bulk Terminal 153,000 kWh/yr 

Cruise Terminal 210,000 kWh/yr 

Organic chemical industry 330,700 kWh/yr 

 

Employees’ Commuting  

As mentioned in Chapter 3, employees’ commuting is one of the main sources of GHG emissions in 

scope 3. This category includes emissions from the transportation of employees between their homes and 

their worksites, and business travels. Table 5.16 shows fuel consumption for commuting employees and 

business travels in Bandare-Bid port. 
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Table 5.16: Fuel consumption for commuting employees and business travels 

Name Number of passengers Distance (km) Fuel Type Consumption (L/Yr) 

Train 16 75,000 Gasoline 4,500 

Metro 33 52,600 Diesel 3,450 

Bus 19 30,300 Diesel 2,150 

Personal car 8 40,800 Diesel 2,150 

Local ferry 4 15,500 Diesel 930 

Walking or Bicycle 6 1,250 - - 

Domestic business travel by plane 8 10,200 Gasoline 2,620 

Short-haul business travel by plane 6 50,400 Gasoline 4,816 

Long-haul business travel by plane 6 60,500 Gasoline 5,220 

Business travel by taxi 16 45,800 Gasoline 2,748 

Business travel in non-company owned 

vehicles 
23 26,200 Gasoline 1,572 

 

As commented at the beginning of this chapter, the emission from this case study will be calculated using 

the new tool, the OCCC tool (explained in section 5.2.2) and the MITECO tool. The methodology of the 

latter tool will be explained in detail in the next subsection.  

 

5.3.2. The Ecological Transition Ministry (MITECO) of the Spanish government tool 

As it is explained in section 1.3.4, since 2007 the Ecological Transition Ministry (MITECO) of the 

Spanish government developed an excel based tool and guidelines to calculate the Carbon Footprint. The 

last version of these guidelines was published in 2019 and they aim to calculate emissions of scope 1 and 

scope 2 (MITECO, 2019).  

 Scope 1: Emissions from Fossil fuels consumption and Emissions from fluorinated gases (air 

conditioning equipment and cooling) 

 Scope 2: Emissions from Electricity consumption 

As it can be seen in figure 5.9, the emissions of the aforementioned scopes are calculated in 10 sheets. 

 

 
Figure 5.9: The introduction sheet of the MITECO tool 
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In the first sheet, general data of the organization such as name, type of organization and different years 

of calculation should be introduced. The next sheets are described below: 

 

 Fossil fuel consumption in stationary sources and mobile sources 

In this sheet (Figure 5.10), the user can calculate emissions from fossil fuel consumption in stationary 

sources and mobile sources (Scope 1). In order to calculate emissions from stationary sources, the user 

should choose the type of fuel for each source and he/she should enter the amount of consumed fuel. In 

order to calculate emissions from mobile sources the user has two options, he/she can calculate emissions 

based on fuel consumption or based on a movement in km. 

As it can be seen in Figure 5.10, three kinds of cells can be filled by the user: orange cells with numerical 

data (such as the amount of consumed fuel), pink cells with data chosen from a provided list in the same 

cell and light purple cells with voluntary data introduced by the user. Yellow cells are for emission 

factors. As it can be seen, there are two columns for the emission factors. In the first one, emission factors 

are introduced automatically by the tool, they are obtained from the different editions of the National 

Emissions Inventory of Spain (from the 1990-2006 edition to the 1990-2017 edition) and in the IPCC 

guidelines for national inventories of greenhouse gases of 2006 (IPCC, 2006). In the second column, the 

user can insert its own emission factors, if they are different from those provided automatically. Blue cells 

present the results. 

 Fugitive emissions 

The user should enter the amount of fluorinated gas (kg). 

 Purchased electricity 

Emissions from purchased electricity in buildings and emissions from electric or hybrid vehicles can be 

calculated by this tool. The user should specify the buildings and the annual amount of electricity 

consumption in kWh. In addition, emissions can be calculated by entering the annual amount of 

electricity consumption. 

 Renewable energies facilities 

If the organization has any kind of renewable energies facilities for sale or for self-consumption, the user 

can calculate related emissions by choosing the type of renewable energy or the type of biomass and by 

entering the amount consumption in the related cells. 
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Figure 5.10: The sheet of the MITECO tool for calculating emissions from fossil fuel consumption 

 

Finally, the results are presented in a last slide where the total amount of emissions, the amount of emissions in each scope and the amount of 

emissions for each year are summarized (Figure 5.11). 
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Figure 5.11: The result sheet of the MITECO tool 

 

5.3.3. Carbon Footprint calculation for Bandare-Bid port 

In this section, GHG emissions of the Bandare-Bid port are calculated by the new tool, the OCCC tool 

and the MITECO tool. The results are presented below. 

 

5.3.3.1. Carbon Footprint calculation of the case study carried out with the new tool 

In this section, the data of the case study is used to validate the new tool. As it can be seen in Figure 5.12, 

the total CO2 emissions from the case study’s activities calculated by the new tool are 20710.551 t CO2eq. 

As explained in section 3.4.1, the Carbon footprint of this port is calculated in two ways by the new tool 

dividing the emissions by TEU per year or by million tonnes per year: 0.026CO2eq t / (TEU/Yr) and 

1010.3 CO2eq t /(million t/ Yr). 

As it can be observed in Figure 5.1, scope 3 is the largest emission source with 1161.547 CO2eq t (54% of 

the total), followed closely by scope 1 with 44% and scope 2 with 2%.  

Within the emissions of mobile sources of scope 3, 46.69% of them belong to ocean-going vessels, harbor 

crafts (local ferries and fishing vessels) emit 36.44% of these emissions. Railroad locomotives, on-road 

vehicles, cargo handling equipment and construction equipment emit around 17% of the total of this 

category. Concerning stationary sources, the power plantgenerates38.16% these emissions, followed by 

the wastewater treatment plant (29.44%) and other facilities (organic chemical industry) (24.94%). 

Generators and incineration add a total of 7.46% of the emissions for this subcategory.  

For the mobile sources of scope 1, practically all the emissions belong to port owned vessels (95.68%), 

being minority the emissions from on-road vehicles, cargo handling equipment and construction 

equipment. Among stationary sources, boilers emit 53.89% and generators emit 46.11% of the GHG of 

this subcategory. Scope 2 emits only 475.564 CO2eq t. 
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Figure 5.12: CO2 emissions for the Case study by the new tool 
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5.3.3.2. Carbon Footprint calculation of the case study carried out with the OCCC tool 

The results of the GHG emissions carried out with the OCCC tool are presented below. As it can be seen 

in Figure 5.13, scope 3 is responsible of half of the emissions, followed closely by scope 1 (47.43%). 

Scope 2 has a minor percentage of emissions (2.47%).  

 

 

Figure 5.13: Results of the GHG emissions (%) carried out with the OCCC 

 

As it can be seen in Table 5.17, the total CO2 emissions from the case study’s activities calculated by the 

OCCC tool are 19188.09 t CO2eq.  

 

Within scope 1, most of the emissions belong to sea transport. Fossil fuel consumption and road transport 

represent only 6% of these emissions. Scope 2 emits 475.546 t CO2eq. 

In scope 3, sea transport occupies the first position with 60%of the emissions, followed by fossil fuel 

consumption (18.84%) and electricity consumption (9.20%). 

 
Table 5.17: Results of the GHG emissions carried out with the OCCC tool 

 

 

 

 

 

 

 

 

 

 

47.43%

2.47%

50.10%

Scope 1 Scope 2 Scope 3

Scope Sources Emissions (Tonnes CO2eq) Percentage (%) 

1 

Fossil  fuel consumption 367.682 4.04% 

Road transport 169.798 1.86% 

Sea transport 8,560.90 94.09% 

Total emissions of Scope 1 9,098.380 (47.43%) 100 

2 Electricity consumption (Scope 2) 475.564 - 

 Total emission of Scope 2 475.564 (2.47%) 100 

3 

Fossil  fuel consumption 1,811.470 18.84% 

Road transport 263.510 2.74% 

Rail transport 558.000 5.80% 

Sea transport 5,747.82 59.78% 

Waste 184.870 1.92% 

Electricity 884.871 9.20% 

Employees commuting  163.605 1.70% 

Total emission of Scope 3  9,614.146 (50.10%) 100% 

Total 19,188.090 - 
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5.3.3.3. Carbon Footprint calculation of the case study carried out with the MITECO tool 

The results of the GHG emissions carried out with the MITECO tool are presented below.  As it can be 

seen in Figure 5.14, two thirds of the total emissions belong to scope 1 and the rest to scope 2. Emissions 

of scope 3 are not included in this tool. 

 

 
Figure 5.14: Results of the GHG emissions (%) carried out with the MITECO tool 

 

The total CO2 emissions from the case study’s activities calculated by this tool are 786.206 t CO2eq as 

presented in Table 5.18. Scope 1 emits 528.151 t CO2eq. Practically one third of these emissions of 

belong to road transport, followed by cargo handling equipment (22.18%), construction equipment 

(19.06%), boilers (15.28%) and generators (13.08%). It should be mentioned that emissions from port 

owned vessels are not considered in this tool. Scope 2 emits 258.055 t CO2eq. 

 
Table 5.18: Results of the GHG emissions carried out with the MITECO tool 

Scope Sources Emissions (Tonnes CO2eq) Percentage (%) 

1 

Cargo handling equipment 117.177 22.18% 

Construction equipment 100.694 19.06% 

Boilers 80.745 15.28% 

Generators 69.100 13.08% 

Road transport 160.435 30.37% 

Scope 1 total emission 528.151  100 

2 Electricity consumption (Scope 2) 258.055  32.82% 

Total 786.206 100 

 

5.3.3.4. Comparing the results 

Table 5.19 shows the comparison of the results obtained for the calculation of the Carbon Footprint using 

the three methods. The comparison shows there are some similarities between the results. 

The total emissions obtained with the new tool and the OCCC tool are very similar, 20,710.551 and 

19,188.09CO2eq tonnes, respectively. The results from MITECO are quite different mainly because this 

tool does not include scope 3 in its calculations.  

Within scope 1, as it can be seen in table 5.19, the results obtained by the new tool (9,073.440 t CO2eq) 

and the OCCC tool (9,098.380t CO2eq) are very similar. The results of scope 1 using the MITECO are 

67.18%

32.82%

Scope 1 Scope 2
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lower because, as already mentioned, emissions from port owned vessels are not considered in this tool. 

In the other two tools, these emissions (port owned vessels) represent around 95% of total of scope 1. 

The result of scope 2 in the new tool and OCCC tool is exactly the same (475.564 t CO2eq) due to the use 

of the same emission factor for the electricity (the Iranian one). In these two tools the emission factor is 

introduced by the user manually whereas in the MITECO tool there is a default amount for Spain which is 

not possible to modify by the user.  For this reason, the results of the MITECO tool are lower since the 

electricity emission factor in Spain is less than in Iran. 

Concerning scope 3, it is important to remember that the emissions of this scope are not taken into 

account in the MITECO tool, for this reason there is no value in table 5.19.The results obtained by the 

new tool (11, 161.547 CO2eq) and OCCC tool (9,614.146.7 CO2eq)in scope 3 are very similar. The slight 

difference is mainly related to the different emissions factors. The OCCC tool is using the emission 

factors recommended by the ISO 14064 (i.e. GHG protocol) and the new tool is using IPCC values.  

 
Table 5.19: Comparison of the Carbon Footprint results (CO2eq tonnes) 

Scopes New tool OCCC tool MITECO tool 

1 9073.440 9098.380 528.151 

2 475.564 475.564 258.055 

3 11161.547 9614.146 - 

Total 20,710.551 19,188.090 786.206 

 

5.4. Conclusions 

In this chapter, in order to compare the published results of the ports with the results of the new tool, the 

new tool is validated with public data from the Port of Oslo and Ports de la Generalitat.  

The existing results of the port of Oslo are almost the same as the results of the new tool: 1345 CO2eq 

tonnes (Port of Oslo tool –ISO 14064) in front of 1293.5 CO2eq tonnes (new tool). The total emissions of 

the scope 1 calculated by the port of Oslo and by the new tool are very similar. The reasons for the minor 

differences in this scope are due to the usage of different calculation methods. The total emissions of the 

scope 2 calculated by the both tools are the same. Concerning scope 3, emissions of the employees’ 

commuting calculated by the port of Oslo are slightly higher than the new tool. This difference can be 

explained by the different calculation method used by the Port of Oslo and the new tool for this scope. 

For the case study of Ports de la Generalitat, the comparison of results has been done without including 

scope 3, since in the OCCC tool (method used by Ports de la Generalitat), emissions derived from water 

consumption are considered as scope 3 emissions, whereas they are not included neither in the new tool 

nor in the standard guidelines. Looking at the results for the other two scopes, the published results of the 

Ports de la Generalitat (without scope 3 emissions) are almost the same as the results of the new tool: 

352.4 CO2eq tonnes (OCCC tool) in front of 299.8 CO2eq tonnes (new tool).  

These comparisons show that the new tool is almost in line with the ones used by the Port of Oslo and 

Port de la Generalitat. The reasons for the minor differences are due to the usage of different calculation 

methods and different emission factors which are more updated. 

As it was mentioned at the beginning of this chapter, neither the OCCC tool nor the ISO 14064 method, 

(the tools used in the previous case studies) are not taking into account all the scopes and all the emission 

sources recommended by the World Port Climate Initiative (WPCI) guidelines. On the contrary, the new 
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tool, designed specifically for ports, includes all the aspects recommend by these port guidelines. 

Therefore, to test the whole sources of each scope, a case study model has been created using literature 

information and port expertise. Finding a real port that had all the emission sources included in the WPCI 

guidelines would have been very complicated. However, attempts to involve selected ports in the 

validation process have been done. Unfortunately, confidentiality issues and Covid-19 situation has made 

it not possible The case study model has been used to validate the new tool developed in this thesis, 

through the comparison of the results obtained with the OCCC and MITECO tools. The comparison 

shows there are some similarities and some differences. The total amounts of the emissions calculated by 

the new tool and the OCCC tools are very similar. The reasons for the minor differences are due to the 

usage of different calculation methods and different emission factors. However, the total amount of the 

emissions calculated by the MITECO tool is much lower than the two other tools. This is due to the fact 

that the MITECO tool does not consider emissions from vessels in scope 1 and does not include scope 3 

emissions. The results of scope 1 obtained by the new tool and the OCCC tool are very similar. The 

results of scope 1 in the MITECO tool are lower because emissions from port owned vessels are not 

considered in this tool. The result of scope 2 in the new tool and OCCC tool are the same. Scope 2 

emissions calculated by the MITECO tool are lower than with the two other tools. The difference, as 

explained before, is due to different emission factors. Concerning scope 3, the results obtained by the new 

tool and OCCC tool are very similar. The slight difference is mainly related to the different emissions 

factors. Emissions of this scope are not taken into account in the MITECO tool. 

To conclude, a paper of the results of this chapter was accepted to present at the 17th International 

Conference on Environmental Science and Technology in Athens in Greece (Azarkamand et al., 2021) 

(September 2021). 
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6. Conclusions 
 

 

Climate Change is gaining more importance every day in the maritime sector and particularly in port 

areas, which contribute with their daily activities to Green House Gases (GHG) emissions. Due to the 

foreseen increase of the maritime trade and transportation, it is expected that GHG emissions from ports 

will rise in the future with consequences such as the increase in air and water temperature, and the rise in 

the sea level. Therefore, it is important for ports to calculate, report and control their Climate Change 

impacts. An indicator that can be used for this purpose is the Carbon Footprint which measures the 

potential contribution of human activities, including ports, to Climate Change. 

In this thesis, a review on global initiatives undertaken on Climate Change and Carbon Footprint has been 

conducted. Based on this research, many international organizations have been working to control 

Climate Change and Carbon Footprint for more than 40 years. For example, in 1979 the first World 

Climate Conference was held in Geneva, being the first major international meeting on Climate Change. 

Another important initiative was the United Nations Framework Convention on Climate Change 

(UNFCCC) in 1992. The aim of this convention was to stabilize GHG concentrations in the atmosphere. 

Besides in 1997 the Kyoto Protocol developed an action to limit GHG emissions by at least 5% below 

1990 levels in the commitment period from 2008 to 2012.The most recent and the most important 

initiative is the Paris Agreement (2015) which recognized Climate Change as an urgent threat and set the 

mitigation goal of limiting the global temperature increase up to 2 °C and ideally up to 1.5°C. 

It should be mentioned that as a consequence of these global initiatives some guidelines to calculate GHG 

emissions were developed. For example, in 1995 the Intergovernmental Panel on Climate Change (IPCC) 

published set of guidelines for the National GHG Inventories, which have been updated on a regular 

basis. In 1998 the GHG Protocol was created and one of its tasks was the creation of the guidance 

documents to calculate GHG emissions. In addition, the International Organization for Standard (ISO) 

developed the standard ISO 14064 which contains principles and requirements for designing, developing, 

managing and reporting organization or company level GHG inventories. 

A part from these global initiatives, this thesis has also researched specific initiatives on Climate Change 

and Carbon Footprint for the Maritime Sector. For example, in 2008 the International Maritime 

Organization (IMO) published a package for reducing shipping’s CO2 and in 2019 PIANC developed 

Carbon Management packages for Ports and Navigation Infrastructures. More recently in 2020, PIANC 

Working Group 178 prepared a technical guidance document to help the owners, operators and users of 
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waterborne transport infrastructure to adapt to Climate Change. Last year as well, the European Sea Ports 

Organisation (ESPO) published its position paper on the European Green Deal in which. ESPO stated that 

by 2030, CO2 emissions from ships at berth and in ports should be reduced by 50% on average and across 

all segments of shipping.  

Again in this case, some of these initiatives ended up with developing guidelines to calculate GHG 

emissions. In 2010, the World Ports Climate Initiative (WPCI) which was developed by the International 

Association of Ports and Harbors (IAPH) published a guidance document which is a resource guide for 

ports wanting to develop or improve their GHG emissions inventories. In addition, in 2015, the Clean 

Cargo Working Group (CCWG) also developed tools and methods to calculate the CO2 footprint for a 

single shipment or a total transportation company.  

Both types of guidelines to calculate GHG emissions, general and specific for the maritime sector, were 

analyzed in depth in order to understand the calculations and the required inputs. From them, those that 

were considered the most relevant ones are WPCI, IPCC and GHG protocol. It should be mentioned, 

WPCI is the only existing guideline for calculating Carbon Footprint in ports and IPCC and GHG 

protocol are the most updated and the most complete reference to calculate GHG emissions. In addition, 

UNFCCC COP3 held in 1997 in Kyoto, reaffirmed the relevance of the IPCC guidelines for National 

GHG Inventories calculation. 

All the previous research was literature based, and one of the objectives of this thesis was to conduct a 

practical research on the topic. For this reason, a survey was prepared and presented in the Valencia 

Greenport Congress on 17th and 18th October 2018. Responses from 55 different port actors that replied 

the questionnaire were obtained. The results were analyzed and were compared with the annual ESPO 

environmental report to have a better understanding of the situation of Carbon Footprint in ports. Based 

on the results of Congress survey, most of the ports believed that Climate Change has an impact on their 

organization but few of them monitored it and had associated Environmental performance indicators to 

control it. Half of the ports collected data on Climate Change, and also, more than a half of the cases 

reported their carbon emissions. Data collection, Measuring and calculating data, and Coordination 

among stakeholders were the most important challenges in implementing a carbon management program. 

Most of the respondents considered that GHG emissions from shipping generated in the port area should 

be included as third-party emission in the Carbon Footprint of the port. Based on the results of this 

practical research, Climate Change occupied the sixth position among the top 10 environmental priorities 

in ports. In addition, most of the participants considered that a common, port-sector Carbon Footprint 

scheme would benefit individual port authorities and the port-sector as a whole. The development of a 

practicable, user-friendly and easy to use tool with a standardized method for the calculation of Carbon 

Footprint in ports was highly demanded. The results of this conference were the main motivation to 

accomplish the main objective of this thesis: to develop a standard tool for the Carbon Footprint 

calculation in ports. 

At this stage, it was believed necessary to research on the existing methodologies on Carbon Footprint 

used in the maritime sector. Detailed information on the methodologies used by15 ports, 3 port terminals 

and 4 ships were found and studied in depth. In this regard, the technique used to calculate GHG 

emissions for each case, the boundaries and scopes set up, and the results obtained were analyzed. A set 

of conclusions about their main strengths and opportunities for further enhancement was extracted. As 

main strengths, it could be highlighted the fact that in most of the methodologies, ships’ emissions were 
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taken into account and also that more than half of the cases all GHG emissions were calculated. In 

addition, in more than half of the cases, the calculation was done based on standard methods such as the 

GHG Protocol, IPCC and ISO 14064. On the other hand, the fact that in most of the studies, all the 

emission sources (direct and indirect) mentioned in the standard guidelines were not calculated could be 

an opportunity for further development. Moreover, in most of the cases, emissions from waste operations 

such as incinerators or wastewater treatment plants were not included in the calculation and scopes were 

not defined based on the standard methods. Other weaknesses are the fact that in around 70% of the cases, 

emissions from employees’ commuting were not included and in around 60% of the studies, the whole set 

of scope 3 emissions were not calculated. In addition, in 60% of the researches where a tool was 

developed, the access to this tool was not possible. In more than half of the cases, the methodology was 

not fully described and an estimation was used for the calculation and not real data. As a conclusion of 

this research, it can be stated that in recent years many ports have started to calculate their Carbon 

Footprint and reported it. However, each port uses its own method and there is no single or unified 

method to calculate the carbon footprint in ports. Although there exist some strengths in the existing 

methodologies, there are also several aspects that can be improved. 

Bearing in mind all this, a new standardized tool was developed. This new tool tried to overcame all the 

mentioned weaknesses and it included all the strengths. The development of the tool was done based on 

the GHG Protocol, IPCC and WPCI guidelines to make the sourcing more complete. As mentioned 

before, after the research conducted in this thesis, these guidelines were considered to be the most suitable 

ones for the Carbon footprint calculation. The tool was created using an Excel software and visual basic.  

In the new tool, the three scopes and all the direct and indirect emission sources present in the WPCI 

guidelines were taken into account. Pollutants were chosen also based on the WPCI guidance document. 

The most common GHGs associated with port-related operations, which are Carbon dioxide (CO2), 

Methane (CH4) and Nitrous oxide (N2O), were included in this tool. In addition, in this new tool, the most 

updated emission factors were used. In order to choose formulae, among the different guidelines and 

methodologies presented, the IPCC guidelines and GHG protocol were selected. After defining the scopes 

and choosing all the formulae, the tool was developed.  

Once the first version of the tool was available, it was firstly tested by a group of students in class. With 

their comments it was firstly improved. Then, it was sent to 20 experts including environmental port 

managers, environmental experts and port professionals all around the world. They were contacted 

through personal visits, telephone calls or via email. The tool was presented to them and suggestions and 

comments were obtained. Most of them were implemented in the tool through different amendments. For 

example, a clarification was introduced specifying that the user could proceed with the tool without 

completing all sections if they were not applicable or data was not available. Other suggestions were to 

provide an option to add the value of electricity emission factor manually in scope 2 (if the port has its 

own value), to specify that tenants should only provide data inside the port area or to add “Biogasoline” 

and “Biodiesels” as a fuel type for the on road vehicles. Those comments that were not implemented were 

justified accordingly. 

Finally, an updated version of the tool was developed and validated with the existing results of the Port of 

Oslo and Ports de la Generalitat. The results of the port of Oslo were almost the same as the results of the 

new tool. Scope 1 emissions calculated by both tools had minor differences and they were due to the 

usage of different calculation methods. The total emissions of scope 2 calculated by the port of Oslo and 
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by the new tool were exactly the same. Concerning scope 3, only emissions from employees’ commuting 

were calculated in this case study and there was a minor difference between the results. This difference 

can be explained by the different calculation methods. In the port of Oslo study, the emissions were 

calculated based on the fuel consumption and travel distance. In the new tool, according to the availability 

of data, the fuel-based method was used. 

In the case of Ports de la Generalitat, the existing results were almost the same as the ones of the new tool 

and the reasons for the minor differences were due to the usage of different calculation methods. In 

addition, in this case study, in scope 1 only emissions from on-road vehicles were taken into account and 

in scope 3 only emissions from water consumption were calculated which is not suggested by any 

standard guidelines. 

Since in the previous case studies, all the scopes and all the emission sources recommended by WPCI and 

IPCC guidelines and GHG Protocol were not taken into account, a case study model was created. For 

example, ocean going vessels and waste incineration plants emissions were not included in the previous 

case studies. This case study was developed to test all the functionalities of the tool 

This port is called Bandare-Bid port and it is assumed that is located in Iran. It includes 5 terminals 

including one container terminal, one fishing terminal, one dry bulk terminal, one liquid bulk cargoes 

terminal and a cruise terminal. In addition, it has an organic chemical industry, a wastewater treatment 

plant, a waste incineration plant and a power plant which are managed by tenants. The GHG emissions of 

this port were calculated by the new tool, the Catalan Office for Climate Change (OCCC) tool and 

Ecological Transition Ministry (MITECO) tool. 

The emission values obtained by three tools were compared to validate the results. The total emissions 

obtained with the new tool and the OCCC tool were very similar. The results from MITECO were quite 

different because in this tool scope 3 was not taken into account. Concerning scope 1, the results obtained 

by the new tool and the OCCC tool were very similar and the results of the MITECO were lower because 

emissions from port owned vessels are not calculated in this tool. 

The result of scope 2 in the new tool and OCCC tool was exactly the same due to the use of the Iranian 

emission factor for the electricity. In the MITECO tool, there is a default amount for Spain and for this 

reason, the result of the MITECO tool was lower since the electricity emission factor in Spain is less than 

in Iran. Concerning scope 3, emissions of this scope are excluded from the MITECO tool. The results 

obtained by the new tool and OCCC tool were very similar. The slight difference is mainly related to the 

different emissions factors.  

To conclude, the aim of the thesis has been accomplished, a standard tool for calculating the greenhouse 

emissions and Carbon Footprint in ports was created. This tool can be used by all type of port authorities 

and port tenants around the world. It includes the three scopes and all the possible emission sources that a 

port terminal may have. This is an important difference with the rest of the tools as well as the fact that is 

free of use. 

The tool provides options to select the scopes that are more suitable and applicable to each port. In 

addition, it allows for normalizing (standardize to a common ground) the total annual emissions in terms 

of total tonnes of cargo handled or annual TEUsto be able to  compare of the results of different ports 

standardizing to a common ground.  
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The tool includes guidelines and a video tutorial which facilitates using the tool and helps the user to fill 

the tool step by step. The tool, the guidelines and the video can be downloaded from 

http://eports.cat/carboonfootprint. The user can obtain the results of three scopes and the total GHG 

emissions and save it as a pdf file. 

This tool assists the Ports to monitor the activities that are sources of GHG emissions and helps them to 

recognize those with more emissions. Then they may develop strategies to reduce emissions, optimize 

efficiency and provide environmental, financial and social benefits to the entire port community. This will 

help the port to achieve its sustainable development goals. By calculating the GHG emissions and 

developing programs and strategies to reduce emissions, ports will be able to act more sustainably.  
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Appendix 1: Sample Questionnaire 

 
Greenport Congress, Valencia 2018 - Session 3 - YOU CAN'T MANAGE WHAT YOU CAN'T MEASURE 

DELEGATE INPUT  

Delegate’s name (Optional)…………………………………Email 

(Optional)………………………………………………… 

Organisation (Optional)………………………………………Job 

description……………………………………………………. 

NOTE: All data and information received will be treated in strict confidence and reported anonymously. Your views and 

recommendations will be incorporated into the Summary Report to be produced as a conference deliverable. It would be helpful 

in the analysis to be aware of your job description, and should you be interested in follow-up research opportunities it would be 

most helpful to be able to contact you. Thank you for your cooperation.  

In this Survey, the word organisation* refers to any of the following: Port Authority, Terminal Operator, 

Shipping Company, Maritime Logistics Support, or other port-related entity. 

1. What are the Top-5 priority Environmental priority issues/aspects in your Organisation*? 

Priority Issue/Aspect Monitored? 

YES, or NO 

Environmental Performance Indicator(s) 

selected? YES, or N0 

1    

2    

3    

4    

5    

 

2. Climate Change 

 

3. Carbon Footprint Management 

a) Does your organisation report on Carbon emissions?   YES, or NO (please circle) 

b) What are the main drivers to implement Carbon Management? – please prioritise in the following 

Table where 1= highest priority, 5 = lowest 
Drivers Priority 

(allocate 1 -5) 

 Compliance with emerging regulations  

 Stakeholder pressure to reduce environmental impacts  

 Leadership role in Carbon management practices  

 Potential to influence practice and regulation through innovation and investment  

 Opportunity to reduce and offset emissions from infrastructure development  

 Issue Yes, or 

No 

Details/Example 

a) Is Climate Change impacting your organisation*? (In terms of 

operations, functions, construction projects etc) 

  

b) Has your organisation* prepared risk assessment specifically related 

to Climate Change? (Detailed? Basic? Contingency? EIA?). 

  

c) Is your organisation* collaborating with other, third-party, 

organisations on the issue of Climate Change? 

  

d) Is your organisation* collecting data/information on Climate 

Change? 

  

e) Is your organisation* using, or is it aware of, PIANC WG 178 

Guidelines/Tool kit? 
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c) Which stakeholders are the key players for development of a Carbon management programme in 

your organisation? 

 

d) In your opinion, what are the major challenges and problems of developing and implementing a 

Carbon management program? What are your recommended best options? 

 

4. C

a

r

b

Carbon Footprint Scheme 

a) Do you consider that ports have a role to play in reducing Greenhouse Gas Emissions (GHG) 

from shipping?       YES, or NO (Please circle) 

b) Do you consider GHG emissions from shipping generated in the port area should be included 

as third-party emissions in Carbon Footprint of the port? YES, or NO (Please circle). 

c) Do you consider that a common, port-sector Carbon Footprint Scheme would benefit 

individual Port Authorities and the Port-Sector as a whole?  YES, or NO (Please circle). 

 

On behalf of GreenPort Congress, thank you for your cooperation in contributing your experience, opinions 

and recommendations. The results will be analysed by independent academics with initial results being 

reported direct to the GreenPort Congress on Day 2, and a more detailed report communicated by 

GreenPort website and Journal in due course. As stated at beginning of this input template, full 

confidentiality of data origin will be observed. 
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Appendix 2: Table of Strengths and Weaknesses  

 
Table1: The strengths of the existing methodologies (Percentages) 

 

*The grey cells in the table mean that the port has the strength and the white cells mean that the port does not have it. 
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Table2: The weaknesses of the existing methodologies (Percentages) 

 
*The grey cells in the table mean that the port has the weakness and the white cells mean that the port does not have it. 

** There is No Information. 

***Weaknesses are Not Applicable on the related cells. 
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Appendix3: Fuel properties 
 

Tables below are extracted from Greenhouse Protocol. (Emission Factors from Cross-Sector Tools, 

https://ghgprotocol.org/calculation-tools, march 2017). 

 

 

 

Table 1.  CO2 emission factors by Fuel

Lower 

heating 

Value Energy basis Mass basis Liquid basis Gas basis

TJ/Gg kg/TJ kg/tonne

Of liquids (kg/litre 

fuel)

Of gases 

(kg/m
3
 of fuel) kg/ litre kg/m

3

Oil products Crude oil 42,3 73300 3100,59 0,8 2,480472

Orimulsion 27,5 77000 2117,5

Natural Gas Liquids 44,2 64200 2837,64

Motor gasoline 44,3 69300 3069,99 0,74 2,2717926

Aviation gasoline 44,3 70000 3101 0,71 2,20171

Jet gasoline 44,3 70000 3101 0,71 2,20171

Jet kerosene 44,1 71500 3153,15 0,79 2,4909885

Other kerosene 43,8 71900 3149,22 0,8 2,519376

Shale oil 38,1 73300 2792,73 1 2,79273

Gas/Diesel oil 43 74100 3186,3 0,84 2,676492

Residual fuel oil 40,4 77400 3126,96 0,94 2,9393424

Liquified Petroleum Gases 47,3 63100 2984,63 0,54 1,6117002

Ethane 46,4 61600 2858,24 1,3 3,715712

Naphtha 44,5 73300 3261,85 0,77 2,5116245

Bitumen 40,2 80700 3244,14

Lubricants 40,2 73300 2946,66 1 2,94666

Petroleum coke 32,5 97500 3168,75

Refinery feedstocks 43 73300 3151,9

Refinery gas 49,5 57600 2851,2

Paraffin waxes 40,2 73300 2946,66

White Spirit/SBP 40,2 73300 2946,66

Other petroleum products 40,2 73300 2946,66

Coal products Anthracite 26,7 98300 2624,61

Coking coal 28,2 94600 2667,72

Other bituminous coal 25,8 94600 2440,68

Sub bituminous coal 18,9 96100 1816,29

Lignite 11,9 101000 1201,9

Oil shale and tar sands 8,9 107000 952,3

Brown coal briquettes 20,7 97500 2018,25

Patent fuel 20,7 97500 2018,25

Coke oven coke 28,2 107000 3017,4

Lignite coke 28,2 107000 3017,4

Gas coke 28,2 107000 3017,4

Coal tar 28 80700 2259,6

Gas works gas 38,7 44400 1718,28

Coke oven gas 38,7 44400 1718,28

Blast furnace gas 2,47 260000 642,2

Oxygen steel furnace gas 7,06 182000 1284,92

Natural gas Natural gas 48 56100 2692,8 0,7 1,88496

Other wastes Municipal waste (Non biomass fraction) 10 91700 917

Industrial wastes NA 143000 NA

Waste oils 40,2 73300 2946,66

Biomass Wood or Wood waste 15,6 112000 1747,2

Sulphite lyes (Black liqour) 11,8 95300 1124,54

Other primary solid biomass fuels 11,6 100000 1160

Charcoal 29,5 112000 3304

Biogasoline 27 70800 1911,6

Biodiesels 27 70800 1911,6

Other liquid biofuels 27,4 79600 2181,04

Landfill gas 50,4 54600 2751,84 0,9 2,476656

Sludge gas 50,4 54600 2751,84

Other biogas 50,4 54600 2751,84

Municipal wastes (Biomass fraction) 11,6 100000 1160

Peat 9,76 106000 1034,56

These emission factors are 'cross-sector'; that is, they can be used by reporting entities from any sector, such as the manufacturing, energy or institutional in

Notes: 1, Fuel density data come from GHG Protocol's tool for stationary combustion

CO2 emission factors for fuel consumption data that have been supplied on different measurement bases

Fuel

Fuel density information
1

https://ghgprotocol.org/calculation-tools
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Table 2.   CH4 emission factors by Fuel

Lower 

heating 

Value Energy basis Mass basis Liquid basis Gas basis

TJ/Gg kg/TJ kg/tonne

Of liquids (kg/litre 

fuel)

Of gases 

(kg/m
3
 of fuel) kg/ litre kg/m

3

Oil products Crude oil 42,3 10 0,423 0,8 0,0003384

Orimulsion 27,5 10 0,275

Natural Gas Liquids 44,2 10 0,442

Motor gasoline 44,3 10 0,443 0,74 0,00032782

Aviation gasoline 44,3 10 0,443 0,71 0,00031453

Jet gasoline 44,3 10 0,443 0,71 0,00031453

Jet kerosene 44,1 10 0,441 0,79 0,00034839

Other kerosene 43,8 10 0,438 0,8 0,0003504

Shale oil 38,1 10 0,381 1 0,000381

Gas/Diesel oil 43 10 0,43 0,84 0,0003612

Residual fuel oil 40,4 10 0,404 0,94 0,00037976

Liquified Petroleum Gases 47,3 5 0,2365 0,54 0,00012771

Ethane 46,4 5 0,232 1,3 0,0003016

Naphtha 44,5 10 0,445 0,77 0,00034265

Bitumen 40,2 10 0,402

Lubricants 40,2 10 0,402 1 0,000402

Petroleum coke 32,5 10 0,325

Refinery feedstocks 43 10 0,43

Refinery gas 49,5 5 0,2475

Paraffin waxes 40,2 10 0,402

White Spirit/SBP 40,2 10 0,402

Other petroleum products 40,2 10 0,402

Coal products Anthracite 26,7 10 0,267

Coking coal 28,2 10 0,282

Other bituminous coal 25,8 10 0,258

Sub bituminous coal 18,9 10 0,189

Lignite 11,9 10 0,119

Oil shale and tar sands 8,9 10 0,089

Brown coal briquettes 20,7 10 0,207

Patent fuel 20,7 10 0,207

Coke oven coke 28,2 10 0,282

Lignite coke 28,2 10 0,282

Gas coke 28,2 5 0,141

Coal tar 28 10 0,28

Gas works gas 38,7 5 0,1935

Coke oven gas 38,7 5 0,1935

Blast furnace gas 2,47 5 0,01235

Oxygen steel furnace gas 7,06 5 0,0353

Natural gas Natural gas 48 5 0,24 0,7 0,000168

Other wastes Municipal waste (Non biomass fraction) 10 300 3

Industrial wastes NA 300 NA

Waste oils 40,2 300 12,06

Biomass Wood or Wood waste 15,6 300 4,68

Sulphite lyes (Black liqour) 11,8 3 0,0354

Other primary solid biomass fuels 11,6 300 3,48

Charcoal 29,5 200 5,9

Biogasoline 27 10 0,27

Biodiesels 27 10 0,27

Other liquid biofuels 27,4 10 0,274

Landfill gas 50,4 5 0,252 0,9 0,0002268

Sludge gas 50,4 5 0,252

Other biogas 50,4 5 0,252

Municipal wastes (Biomass fraction) 11,6 300 3,48

Peat 9,76 10 0,0976

These emission factors are specific to 'Institutional' operations as opposed to 'Energy' or 'Manufacturing' operations, which are other categories treated by the IPCC.

Notes: 1, Fuel density data come from GHG Protocol's tool for stationary combustion

CH4 emission factors for fuel consumption data that have been supplied on different measurement bases

Fuel

Fuel density information
1
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Table 3.  N2O emission factors by Fuel

Lower 

heating 

Value Energy basis Mass basis Liquid basis Gas basis

TJ/Gg kg/TJ kg/tonne Of liquids (kg/litre fuel)Of gases (kg/m
3
 of fuel)kg/ litre kg/m

3

Oil products Crude oil 42,3 0,6 0,02538 0,8 0,000020304

Orimulsion 27,5 0,6 0,0165

Natural Gas Liquids 44,2 0,6 0,02652

Motor gasoline 44,3 0,6 0,02658 0,74 1,96692E-05

Aviation gasoline 44,3 0,6 0,02658 0,71 1,88718E-05

Jet gasoline 44,3 0,6 0,02658 0,71 1,88718E-05

Jet kerosene 44,1 0,6 0,02646 0,79 2,09034E-05

Other kerosene 43,8 0,6 0,02628 0,8 0,000021024

Shale oil 38,1 0,6 0,02286 1 0,00002286

Gas/Diesel oil 43 0,6 0,0258 0,84 0,000021672

Residual fuel oil 40,4 0,6 0,02424 0,94 2,27856E-05

Liquified Petroleum Gases 47,3 0,1 0,00473 0,54 2,5542E-06

Ethane 46,4 0,1 0,00464 1,3 0,000006032

Naphtha 44,5 0,6 0,0267 0,77 0,000020559

Bitumen 40,2 0,6 0,02412

Lubricants 40,2 0,6 0,02412 1 0,00002412

Petroleum coke 32,5 0,6 0,0195

Refinery feedstocks 43 0,6 0,0258

Refinery gas 49,5 0,1 0,00495

Paraffin waxes 40,2 0,6 0,02412

White Spirit/SBP 40,2 0,6 0,02412

Other petroleum products 40,2 0,6 0,02412

Coal products Anthracite 26,7 1,5 0,04005

Coking coal 28,2 1,5 0,0423

Other bituminous coal 25,8 1,5 0,0387

Sub bituminous coal 18,9 1,5 0,02835

Lignite 11,9 1,5 0,01785

Oil shale and tar sands 8,9 1,5 0,01335

Brown coal briquettes 20,7 1,5 0,03105

Patent fuel 20,7 1,5 0,03105

Coke oven coke 28,2 1,5 0,0423

Lignite coke 28,2 1,5 0,0423

Gas coke 28,2 0,1 0,00282

Coal tar 28 1,5 0,042

Gas works gas 38,7 0,1 0,00387

Coke oven gas 38,7 0,1 0,00387

Blast furnace gas 2,47 0,1 0,000247

Oxygen steel furnace gas 7,06 0,1 0,000706

Natural gas Natural gas 48 0,1 0,0048 0,7 0,00000336

Other wastes Municipal waste (Non biomass fraction) 10 4 0,04

Industrial wastes NA 4 NA

Waste oils 40,2 4 0,1608

Biomass Wood or Wood waste 15,6 4 0,0624

Sulphite lyes (Black liqour) 11,8 2 0,0236

Other primary solid biomass fuels 11,6 4 0,0464

Charcoal 29,5 1 0,0295

Biogasoline 27 0,6 0,0162

Biodiesels 27 0,6 0,0162

Other liquid biofuels 27,4 0,6 0,01644

Landfill gas 50,4 0,1 0,00504 0,9 0,000004536

Sludge gas 50,4 0,1 0,00504

Other biogas 50,4 0,1 0,00504

Municipal wastes (Biomass fraction) 11,6 4 0,0464

Peat 9,76 1,4 0,013664

These emission factors are specific to 'Institutional' operations as opposed to 'Energy' or 'Manufacturing' operations, which are other categories treated by the IPCC. 

Notes: 1, Fuel density data come from GHG Protocol's tool for stationary combustion

N2O emission factors for fuel consumption data that have been supplied on different measurement bases

Fuel
Fuel density information

1
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Table 4: Emissions factors due to the Employees’ Commuting 

Table 18. CO2, CH4 and N2O Emission Factors by Passenger Distance (i.e. Public Transport)

Vehicle and Type Region CO2 CO2 - Biomass Fuel CO2 Unit - Numerator CO2 Unit - Denominator CH4 CH4 Unit - Numerator CH4 Unit - Denominator N2O N2O Unit - Numerator N2O Unit - Denominator

Air - Domestic Other 0,17147 Kilogram Passenger Kilometer

Air - Short Haul - Seating Unknown Other 0,097 Kilogram Passenger Kilometer

Air - Short Haul - Economy Class Other 0,09245 Kilogram Passenger Kilometer

Air - Short Haul - First/Business Class Other 0,13867 Kilogram Passenger Kilometer

Air - Long Haul - Seating Unknown Other 0,11319 Kilogram Passenger Kilometer

Air - Long Haul - Economy Class Other 0,08263 Kilogram Passenger Kilometer

Air - Long Haul - Economy+ Class Other 0,13221 Kilogram Passenger Kilometer

Air - Long Haul - Business Class Other 0,23963 Kilogram Passenger Kilometer

Air - Long Haul - First Class Other 0,33052 Kilogram Passenger Kilometer

Train - Light Rail Other 0,163 Kilogram Passenger Mile 0,004 Gram Passenger Mile 0,002 Gram Passenger Mile

Train - Tram Other 0,163 Kilogram Passenger Mile 0,004 Gram Passenger Mile 0,002 Gram Passenger Mile

Train - Average (Light Rail and Tram) Other 0,163 Kilogram Passenger Mile 0,004 Gram Passenger Mile 0,002 Gram Passenger Mile

Train - National Rail Other 0,185 Kilogram Passenger Mile 0,002 Gram Passenger Mile 0,001 Gram Passenger Mile

Train - Subway Other 0,163 Kilogram Passenger Mile 0,004 Gram Passenger Mile 0,002 Gram Passenger Mile

Taxi Other 0,23 Kilogram Passenger Mile 0,02 Gram Passenger Mile 0,021 Gram Passenger Mile

Bus - Local Bus Other 0,107 Kilogram Passenger Mile 0,0006 Gram Passenger Mile 0,0005 Gram Passenger Mile

Bus - Coach Other 0,107 Kilogram Passenger Mile 0,0006 Gram Passenger Mile 0,0005 Gram Passenger Mile

Bus - Type Unknown Other 0,107 Kilogram Passenger Mile 0,0006 Gram Passenger Mile 0,0005 Gram Passenger Mile

Large RoPax Ferry Other 0,1152 Kilogram Passenger Kilometer

Air - Domestic UK 0,17147 Kilogram Passenger Kilometer

Air - Short Haul - Seating Unknown UK 0,097 Kilogram Passenger Kilometer

Air - Short Haul - Economy Class UK 0,09245 Kilogram Passenger Kilometer

Air - Short Haul - First/Business Class UK 0,13867 Kilogram Passenger Kilometer

Air - Long Haul - Seating Unknown UK 0,11319 Kilogram Passenger Kilometer

Air - Long Haul - Economy Class UK 0,08263 Kilogram Passenger Kilometer

Air - Long Haul - Economy+ Class UK 0,13221 Kilogram Passenger Kilometer

Air - Long Haul - Business Class UK 0,23963 Kilogram Passenger Kilometer

Air - Long Haul - First Class UK 0,33052 Kilogram Passenger Kilometer

Train - Light Rail UK 0,0768 Kilogram Passenger Kilometer 0,0019 Gram Passenger Kilometer 0,0014 Gram Passenger Kilometer

Train - Tram UK 0,0768 Kilogram Passenger Kilometer 0,0019 Gram Passenger Kilometer 0,0014 Gram Passenger Kilometer

Train - Average (Light Rail and Tram) UK 0,0768 Kilogram Passenger Kilometer 0,0019 Gram Passenger Kilometer 0,0014 Gram Passenger Kilometer

Train - National Rail UK 0,0534 Kilogram Passenger Kilometer 0,0029 Gram Passenger Kilometer 0,0098 Gram Passenger Kilometer

Train - Subway UK 0,07414 Kilogram Passenger Kilometer 0,0019 Gram Passenger Kilometer 0,0014 Gram Passenger Kilometer

Taxi UK 0,1523 Kilogram Passenger Kilometer 0,0017 Gram Passenger Kilometer 0,0038 Gram Passenger Kilometer

Bus - Local Bus UK 0,15726 Kilogram Passenger Kilometer 0,0095 Gram Passenger Kilometer 0,0041 Gram Passenger Kilometer

Bus - Coach UK 0,03 Kilogram Passenger Kilometer 0,0038 Gram Passenger Kilometer 0,0018 Gram Passenger Kilometer

Bus - Type Unknown UK 0,13394 Kilogram Passenger Kilometer 0,0076 Gram Passenger Kilometer 0,0033 Gram Passenger Kilometer

Large RoPax Ferry UK 0,11516 Kilogram Passenger Kilometer

Air - Domestic US 0,17147 Kilogram Passenger Kilometer

Air - Short Haul - Seating Unknown US 0,097 Kilogram Passenger Kilometer

Air - Short Haul - Economy Class US 0,09245 Kilogram Passenger Kilometer

Air - Short Haul - First/Business Class US 0,13867 Kilogram Passenger Kilometer

Air - Long Haul - Seating Unknown US 0,11319 Kilogram Passenger Kilometer

Air - Long Haul - Economy Class US 0,08263 Kilogram Passenger Kilometer

Air - Long Haul - Economy+ Class US 0,13221 Kilogram Passenger Kilometer

Air - Long Haul - Business Class US 0,23963 Kilogram Passenger Kilometer

Air - Long Haul - First Class US 0,33052 Kilogram Passenger Kilometer

Train - Light Rail US 0,163 Kilogram Passenger Mile 0,004 Gram Passenger Mile 0,002 Gram Passenger Mile

Train - Tram US 0,163 Kilogram Passenger Mile 0,004 Gram Passenger Mile 0,002 Gram Passenger Mile

Train - Average (Light Rail and Tram) US 0,163 Kilogram Passenger Mile 0,004 Gram Passenger Mile 0,002 Gram Passenger Mile

Train - National Rail US 0,185 Kilogram Passenger Mile 0,002 Gram Passenger Mile 0,001 Gram Passenger Mile

Train - Subway US 0,163 Kilogram Passenger Mile 0,004 Gram Passenger Mile 0,002 Gram Passenger Mile

Taxi US 0,23 Kilogram Passenger Mile 0,02 Gram Passenger Mile 0,021 Gram Passenger Mile

Bus - Local Bus US 0,107 Kilogram Passenger Mile 0,0006 Gram Passenger Mile 0,0005 Gram Passenger Mile

Bus - Coach US 0,107 Kilogram Passenger Mile 0,0006 Gram Passenger Mile 0,0005 Gram Passenger Mile

Bus - Type Unknown US 0,107 Kilogram Passenger Mile 0,0006 Gram Passenger Mile 0,0005 Gram Passenger Mile

Large RoPax Ferry US 0,11516 Kilogram Passenger Kilometer
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Appendix 4: Electricity-specific emission factors  

 

Table 1: Electricity-specific emission factors for grid electricity (Carbon Footprint, 2019) 
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Appendix 5: Tool’s User Guidelines 

 

USER GUIDELINES 

A standardized tool to calculate Carbon Footprint in ports 

 

 

  

UNIVERSITAT POLITÈCNICA DE CATALUNYA 
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1. Introduction 

One of the significant environmental threats in recent years in ports is carbon dioxide emissions generated 

by different activities in these areas which lead to Climate Change. In a survey conducted by the 

European Sea Port Organization (ESPO) in 2019, Climate Change occupies the 3rd position in the 

ranking of ten environmental priorities in ports (ESPO, 2019). This shows that the topic of Climate 

Change in the maritime industry is getting more critical every day. 

In order to calculate, control and reduce CO2 emissions, an indicator was developed: the Carbon 

Footprint. This concept is defined as the total amount of Greenhouse Gases emissions that are emitted 

directly and indirectly by an activity. 

In the recent years, many ports have started to calculate their Carbon Footprint and report it. However, 

generally each Authority or Operator uses its own method which makes the comparison of results very 

difficult and there is no single or unified method to calculate Carbon Footprint in ports.  

Therefore, the development of a practicable, user-friendly and free available tool with a standardized 

method for the calculation of Carbon Footprint in ports is needed and it has been demanded by the port 

sector (e.g. Greenport conference, 2018). In this regard, a standardized tool has been developed. This tool 

is specifically designed so that port authorities can calculate their Carbon Footprint and report it 

accordingly. 

The tool provides options to select the scopes and boundaries that are more suitable and applicable to 

each port. In addition, the tool allows normalizing (standardize to a common ground) the total annual 

emissions in terms of total tons of cargo handled or annual TEUs. This is basically done to allow a 

comparison of the results of different ports on the same ground.   

All the emission sources gathered in the standard guidelines (i.e. IPCC, GHG protocol and WPCI) are 

taken into account in this tool. The sources of GHG emissions in ports are divided into four categories: 

 Mobile sources such as cargo handling equipment, transport vehicles, vessels and construction 

equipment 

 Stationary sources such as power plants, boilers, emergency generators, incineration plants and 

wastewater treatment plant 

 Purchased electricity includes buildings, lighting, reefer power demand, electrified cargo handling 

equipment, other terminal electrical demands, etc. 

 Employees’ commuting includes emissions from the transportation of employees between their 

homes and their worksites 

According to the World Ports Climate Initiative (WPCI, 2010), the GHG inventory is categorized into 

three emission scopes: 

 Scope 1: Port Direct Sources. These emission sources include all the emissions generated by all 

port authority related buildings, equipment, vehicles, etc. 

 Scope 2: Port Indirect Sources. These sources include port purchased electricity for port 

administration owned buildings and operations.  

 Scope 3: Other Indirect Sources. These sources are typically associated with tenant operations and 

the commuting of port and tenant employees. 
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2. How to start calculation? 

The development of the tool has been done by using Excel software and visual basic. The completion of 

this excel based tool is expected to be around 20 minutes (if data are available) and it is divided into three 

steps: 

 Step1: General data such as the port’s name, the country and the port total cargo are required. 

 Step 2: The port should select the different scopes to be included in the calculation and the required 

data should be filled in order to get the final result. 

 Step 3: By pressing the result button, a report is produced with the total CO2 equivalent emissions 

and also with emissions by capacity (carbon footprint) and by scope. This document can be saved 

as a pdf file. 

It is important to mention that Universitat Politècnica de Catalunya (the tool developer) does not have 

access to any provided data. The tool is totally confidential. This document will guide you through all the 

tool steps.  

The first screen of the tool presents a brief explanation about Climate Change and the different emissions 

scopes considered in the standard guidelines (Figure 1). 

 

 
Figure 1: Introductory screen 

 

If you press the “next” button of this screen you will continue to the next stage, which includes a 

description of the different steps of the tool (Figure 2). By clicking on the “Instructions” button, you will 

be directed to these Guidelines (pdf document). In addition, if you press the “Video tutorial” box you will 

be able to get the instructions through a video. When you are ready, you can click the “Start calculation” 

button to proceed with the tool and calculate the GHG emissions of your port. 
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Figure 2: Steps of the tool 

 

The first step of the tool includes the completion of the port general data as it can be seen in Figure 3. 

Here, you should insert some specific information of your port before calculating the emissions. These 

general data, which are optional, are: 
 

 Port name 

 Port address 

 Country 

 Capacity (TEU/ Year) or Total Cargo (Million tonnes/ Year) 

 

 
Figure 3: General data of the port 
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As it is explained in the note 1 present in Figure 3, if data are not available for some of the sources or if 

any of the issues or activities are not applicable to your port, it is not necessary to fill in the boxes. The 

program will work in any case and you can continue filling in the rest of the tool. 

In addition, as mentioned in note 2, the boundaries of the tool are the port area and therefore all the 

emissions calculated should be the ones that are related to those occurring in this area, not outside. For 

example, the emissions from trucks and vehicles are taken into account while they move inside the port 

area (except employees’ commuting), not those outside. The same happens with ships’ emissions 

To proceed to the next step of the tool, you should click on the ‘Next’ button. Once you have done that 

you will find a new screen where you should select the scope you want to start with (Figure 4).  

In order to have a realistic overview of the Carbon footprint of your port, it is recommended to calculate 

all three scopes emissions. 

It should be mentioned that you could save the project at each stage by clicking on the ‘Save Project’ 

button. In addition, you can clear all data by clicking on the ‘Clean Project’ button. 

 

 
Figure 4: Scopes’ selection 

 

3. Scope 1 

If you select to start your calculation with emissions from scope 1, you will be taken to the next page. In 

this step, a brief explanation of scope 1 is presented (Figure 5). By pressing the ‘Next’ button, you will go 

to the calculation page for scope 1. In this slide you can also download these guidelines in case you need 

it.  
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Figure 5: Definition of scope 1 

Now in the next slides you will have to provide the data required to calculate the emissions sources 

related to scope 1. Emission sources in this scope are divided into two main groups: mobile sources and 

stationary sources. For the calculation of all sources of scope 1, you should fill in the related cells if 

appropriate with the required data. There will be two screens pages for scope 1 (Figures 6 and 7) that 

belong to mobile sources and two screen pages that belong to stationary sources (Figures 8 and 9). 

In Figure 6, you can see the first screen page for scope 1 where you should fill in the data related to three 

categories of the mobile sources(if they exist in the port): 

 Cargo Handling Equipment 

 Heavy-Duty On-Road Vehicles 

 Railroad Locomotives   

 

For each cell, you should choose the source type, fuel type, consumption amount and consumption unit. 

Then by pressing the ‘Add’ button, you could add the source to the list. You can add all those sources that 

you have. At the same time, if you are mistaken you can press the “delete” button to erase those that you 

consider.  
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Figure 6: First calculation screen of the mobile sources (scope 1) 

   

By clicking the ‘Next’ button, you will go to the next screen. In this slide of scope 1 (Figure 7), you 

should also fill in the data related to two other categories of mobile sources (if they exist in the port): 

 

 Port owned vessels  

 Construction Equipment 

 

Again for each cell, you should choose the source type, fuel type, consumption amount and consumption 

unit. Then by pressing the ‘Add’ button, you could add the source to the list (see Figure 7). 

 

 
Figure 7: Second calculation screen of the mobile sources (scope 1) 

 



Development of a standardized tool to calculate Carbon Footprint in ports 

212 
 

Now if you click the “Next” button, you will proceed to fill in the first page of required data for stationary 

sources related with scope 1 (Figure 8). You should fill in the data (fuel type, consumption amount and 

consumption unit) related to 3 groups of stationary sources (if they exist in the port). These sources are: 
 

 Power plants 

 Boilers 

 Incineration plants  

 

By pressing the ‘Add’ button, you could add them to the calculation list. Please, remember to save the 

project from time to time to avoid losing all the information already introduced.  

 

 
Figure 8: First calculation screen of the stationary sources (scope 1) 

 

By pressing the ‘Next’ button, you will go to the last page of scope1. In this screen (Figure 9), you should 

fill in the required data (fuel type, consumption amount and consumption unit) related to three other 

groups of stationary sources (if they exist in the port): 
 

 Generators 

 Facilities that use combustion processes 

 Wastewater treatment plants 

 

In the case of wastewater treatment plants, you should choose the type of wastewater treatment plant and 

the type of industry where this water comes from. In addition, in order to obtain a final value, you should 

complete the data related to the “Organic component removed as sludge in inventory (kg COD)” and 

“Amount of CH4 recovered in inventory (kg CH4)”. 
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Then you could get the total emissions of scope 1 by clicking the ‘Results’ button and save it as a pdf file. 

Alternatively, if you prefer to continue with the rest of the scopes and get the total amount of emissions at 

the end, you should click the ‘Go to Scope 2’ button. If want to go to “scope 3” you should click the 

button “Back to selection page”.  

 

 
Figure 9: Second calculation screen of the stationary sources (scope 1) 

 

4. Scope 2 

Figure 10 presents the screen introduction to scope 2, where a brief definition of this scope is presented. 

By clicking the ‘Next’ button, you go to the calculation page for scope 2. 
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Figure 10: Definition of scope 2 

 

In Figure 11, information on electricity data consumed by the port authority is required. The consumption 

amount has to be introduced and the intensity can be selected from a list according to the country. The 

mix of energy and therefore the emissions will vary in function of the country. If your country is not in 

the list or if you are not satisfied with the intensity value, you can choose the “other” and add your own 

value to the intensity box. By pressing the ‘Add’ button, different sources can be added to the emission 

list.  

Then, the result of this scope can be obtained by clicking on the ‘Results’ button. Alternatively, you can 

press the button ‘Go to Scope 3’ and continue with the calculation. 

 

 
Figure 11: Calculation screen of the scope 2 

 



Development of a standardized tool to calculate Carbon Footprint in ports 

215 
 

5. Scope 3 

If you have proceeded to scope 3, you will get a new screen (Figure 12) in which a definition of this scope 

is given. In this scope, you should provide data related to tenants ‘emissions and only from those 

emissions produced by their activities inside the port area, not outside as mentioned in the note present in 

this screen.  

These emissions are divided into four main groups: mobile sources, stationary sources, purchased 

electricity and employees’ commuting. You should complete the needed data of these four sources in the 

next consecutive eight screens of the tool (Figures 13-21). 

As it will be seen, most of the mobile and stationary sources are the same as scope 1, apart from ‘Ocean-

going vessels’ in mobile sources that is included in this scope since they do not belong to the port 

authority. 

 

 
Figure 12: Definition of scope 3 

 

By clicking on the ‘Next’ button in Figure 12, you could start to calculate the emissions of mobile sources 

of scope 3. As it can be seen in Figure 13, you should fill in the data related to the three categories of the 

mobile sources (if they exist in the port): 
 

 Cargo Handling Equipment 

 Heavy-Duty On-Road Vehicles 

 Railroad Locomotives  

 

In this step, the required data are fuel type, consumption amount and unit selection. Then, by pressing the 

‘Add’ button, you could add all the sources you want to the list. By clicking on the ‘Next’ button, you 

will be taken to the next calculation page of scope 3. 
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Figure 13: First calculation screen of the mobile sources (scope 3) 

In the next page of the scope 3 (Figure 14), you should fill in the data related to three categories of mobile 

sources (if they exist in the port):  

 Harbour craft and inland waterway vessels 

 Ocean-going vessels 

 Construction Equipment 

Again for each cell, you should choose the source type, fuel type, consumption amount and consumption 

unit. Then by pressing the ‘Add’ button, you could add as many sources as you need to the list. 

 

 
Figure 14: Second calculation screen of the mobile sources (scope 3) 
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In the next screen (Figure 15) you should fill in the required data (fuel type, consumption amount and 

consumption unit) related to 3 groups of stationary sources (if they exist in the port) which are: 

 Power plants 

 Boilers 

 Incineration plants  
 

By pressing the ‘Add’ button, you could add different sources to the calculation list. Please, remember to 

save the project from time to time to avoid losing the information provided. 
 

 
Figure 15: First calculation screen of the stationary sources (scope 3) 

 

By pressing the ‘Next’ button, you will go to the next page of scope3. In this screen (Figure 16), you 

should fill in the required data (i.e. fuel type, consumption amount and consumption unit) related to three 

other groups of stationary sources (if they exist in the port) which are: 

 Generators 

 Facilities that use combustion processes 

 Wastewater treatment plants 
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Figure 16: Second calculation screen of the stationary sources (scope 3) 

 

By clicking on the ‘Next’ button you will calculate the emissions from tenant purchased electricity in 

scope 3. As in can be seen in Figure 17, the needed data of this stage are consumption amount and the 

intensity which should be chosen based on the country as explained before or it can be filled in manually 

in the “Intensity” box.  
 

 
Figure 17: Tenant purchased electricity emissions calculation screen (Scope 3) 

 

Finally, to calculate the emissions from employees ‘commuting, you should decide which method is more 

convenient for you according to the available type of the data. Figure 18 offers a decision tree to select the 

most suitable calculation method for scope 3 emissions from employees’ commuting. Ports may use one 

of the following methods (WRI and WBCSD, 2013): 
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 Fuel-based method: This method involves determining the amount of fuel consumed during 

commuting and applying the appropriate emission factor for that fuel. 

 Distance-based method: This method involves collecting data from employees on commuting patterns 

(e.g. distance travelled and mode used for commuting) and applying appropriate emission factors for 

the modes used. 

 Average-data method: This method involves estimating emissions from employees’ commuting based 

on average (e.g., national) data on commuting patterns. 

 

By clicking on the method, you will be taken to the related calculation page. 
 

 
Figure 18: Decision tree to select a calculation method for emissions from employees’ commuting 

 

In Figure 19 you can see the calculation page of the Fuel-based method. As it can be seen, the required 

data are type of vehicle, fuel type, consumption amount and unit. By clicking on the ‘Add’ button, the 

data will be added to the list. 

 

 
Figure 19: Calculation screen of employees’ commuting (Fuel-based method) 

 

Figure 20 shows the calculation page of the Distance-based method. As it can be seen, the required data 

are type of vehicle, working days, distance and unit. By clicking on the ‘Add’ button, the data will be 

added to the list. 
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Figure 20: Calculation screen of employees’ commuting (Distance-based method) 

 

Figure 21shows the calculation page of the Average-data method. As it can be seen, the required data are 

total number of employees, working days, percentage of total commute based on the vehicle type and 

average one-way distance. By clicking on the ‘Add’ button, the data will be added to the list. 

 

 
Figure 21: Calculation screen of employees’ commuting (Average-data method) 

 

6. Results 

Finally, by clicking the ‘Results’ button, you can obtain a pdf file with the results. It includes the results 

for the total GHG emissions and also the emissions by each of the scopes and by capacity (TEUs or total 

cargo). A sample of the results is presented in Figures 22 and 23. The results of the tool are divided into 

four sections: 

 Total amount 

As it can be seen in figure 22, the first information that is presented is the name of the port, followed by 

the port address, the country and the capacity (TEU or tonnes). Then the total CO2eq emissions are 

presented as well as the emissions by capacity (TEU/year or million tn/year). In addition, total values per 

scopes are displayed, including also a pie chart. 

 Scope 1 

In scope 1, the total amount of emissions and emissions of each of the mobile sources and stationary 

sources from this scope are presented including also two pie charts that summarize the information 

(Figure 22). 

 Scope 2 

As it is presented in figure 23, the total amount of emissions from purchased electricity is presented. 
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 Scope 3 

In this part, the total amount of emissions and the emissions of each of the mobile sources, stationary 

sources, purchased electricity and employees’ commuting from scope 3 are presented and their 

representation in two pie charts is included (Figure 23). 
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Figure 22: Sample of the results (Page 1) 
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Figure 23: Sample of the results (Page 2) 
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Appendix 6: Sources to create caste study model (Bandare-Bid port) 

 

Table 1: Estimation of fuel consumption by ship type and movement (Chang et al., 2013)
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Table 2: Fuel consumed based on ship type and movement (Olukanni & Esu, 2018) 

 

 

Table 3: Annual passenger transport (Passenger- km/capita) (Akerman & Hojer, 2006) 
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Table 4: Port of Olympia 2017 fleet GHG e missions summary (Akerman & Hojer, 2006) 

 

Table 5: Diesel consumption and corresponding emissions by various port-owned vehicles and equipment 

(Misra et al., 2017) 
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Table 6: Energy consumption per type of equipment (Van Duin & Geerlings, 2011) 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Table 7: Number of calls of ocean going vessels registered in the Port of Oslo and average annual operating 

time (AAOT), in hours (h), of the harbor vessels for 2013 (López-Aparicio et al., 2017) 
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