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Abstract: 5 

One of the significant environmental threats in ports in recent years are carbon dioxide emissions 6 

generated by different activities carried out in these areas, which lead to Climate Change. In the 7 

maritime industry, this topic is getting more critical every day. The main cause of Climate Change is 8 

the emission of Greenhouse Gases (GHG). The total amount of GHG that are emitted both directly 9 

and indirectly by an activity are calculated by the following indicator: the Carbon Footprint. 10 

The review of different case studies shows while in recent years many ports calculate their Carbon 11 

Footprint and report it, each port uses its own method and there is not any unified and complete 12 

method to calculate Carbon Footprint. This makes comparing results among different ports a difficult 13 

task and proves the need for such a method. Therefore, it has been developed a standardized tool to 14 

calculate GHG emissions in ports. The tool has been developed by using Excel and Visual Basic 15 

software and it is based on the WPCI (World Ports Climate Initiative) and IPCC (Intergovernmental 16 

Panel on Climate Change) guidelines and the GHG Protocol. Such tool is specifically designed so that 17 

port authorities can calculate their Carbon Footprint and report it accordingly. 18 

The tool has different steps taking into account the three scopes of emissions defined by the WPCI 19 

guideline for ports. Once developed, it was validated by a set of selected ports and environmental 20 

experts. The final aim is to distribute this tool to all ports and make it freely available. 21 
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1. Introduction 26 

Since the industrialization of human society combined with the increase in human activities, the 27 

climate of the earth has been influenced significantly by such human actions (Chao & Feng, 2018). 28 

The increase of GHG emissions in port operations is the main cause of the impact that these areas 29 

have in global Climate Change (IAPH, 2010). According to the last environmental review of the 30 

European Sea Port Organization (ESPO, 2019), Climate Change occupied the 3rd position amongst 31 

the top10 environmental priorities in ports. This proves the importance of this issue in the whole set of 32 

port environmental priorities. It is predicted that seaport and inland waterway infrastructures will be 33 

affected by the consequences of Climate Change, in ways such as sea level rise and changes in  34 

weather or in the storm frequency (Becker et al., 2011).  35 

Ports require a special treatment as far as controlling their effects in Climate Change is concerned, due 36 

to their economic importance, their role as essential links in supply chains, their location in the heart 37 

of sensitive estuarine environments, their reliance on waterfront locations and the significant existing 38 

infrastructure that links them to inland transportation networks (Becker et al., 2011).  39 

A major obstacle to sustainable development is CO2 emissions and the share of transport in such 40 

emissions is crucial (Akerman& Hojer, 2006). GHG emissions that are the most important contributor 41 

to global warming, not only are produced by in-land transportation, but also by the maritime sector 42 

and shipping (Olukanni & Esu, 2018). Shipping is a major source of Greenhouse Gases emissions, 43 

with approximately 1036 million tons of GHG emissions per year, and it accounts for 2.4% of global 44 

carbon emissions (IMO, 2014). Moreover, the International Council on Clean Transportation (ICCT) 45 

predicted that GHG emissions from shipping activities will triple by 2050 (Olmer et al., 2017). For 46 

this reason, the problem of Climate Change is gaining more importance every day in this sector and 47 

particularly in port areas, which contribute with their daily activities to GHG emissions. Due to the 48 

foreseeable raise of the maritime trade and the fact that that most of the ships are powered by fossil 49 

fuels, it is expected that GHG emissions will increase in the future (Wright, 2013).  50 

Based on the review of more than 20 case studies, it was observed that in recent years some ports 51 

calculated their carbon footprint and reported it. However, most of these studies do not include all the 52 
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direct and indirect emission sources and scopes mentioned in the standard guidelines. In addition, in 53 

most of the cases, emissions from waste treatment operations taking place in the port and emissions 54 

from employees’ commuting are excluded. A part from these weaknesses, the main problem detected 55 

is that each port uses its own method and there is no single or unified tool to calculate Carbon 56 

Footprint in ports. This proves the need for such a tool in ports. This was supported by most of the 57 

participants in the Greenport Congress in Valencia (Greenport, 2019) that considered that a common 58 

port-sector Carbon Footprint scheme would benefit individual port authorities and the port sector as a 59 

whole. In addition, this was highlighted in the article from Laboratorio de Ingeniería Sostenible 60 

(2004). Such article mentioned the need of a standardized single properly-developed calculation 61 

methodology which would facilitate the calculation, comparison and coordinated planning of projects 62 

to reduce and mitigate emissions. Therefore, the development of a practical tool for the calculation of 63 

Carbon Footprint in ports was essential. In this regard, this paper presents a standardized tool 64 

developed to calculate CO2 emissions in ports. The validation of this tool was done through the 65 

feedback obtained via reviews from port professionals and environmental experts. 66 

This paper consists of different sections. The first one is a review on initiatives related to Climate 67 

Change and Carbon Footprint both in general and specifically in the maritime sector. This is followed 68 

by three other sections: the methodology used to develop the tool, the description of the tool and its 69 

validation process. Finally, some conclusions are presented.  70 

 71 

2. Climate Change and Carbon footprint in general and in the maritime sector 72 

GHG emissions due to their atmospheric warming effect are the main cause of the on-going global 73 

Climate Change (IPCC, 2015a). An indicator that is used to calculate GHG emissions is Carbon 74 

Footprint. The Parliamentary Office of Science and Technology (POST, 2006) defines Carbon 75 

Footprint as the total amount of CO2 and other GHG that are emitted over the full life cycle of a 76 

process or product.  77 

Several attempts have been done to control Climate Change. Many organizations have tried to control 78 

Climate Change and its consequences. These are summarized in table 1. For example, the World 79 
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Climate Conference was the first international meeting in this regard which was held in 1979 in 80 

Geneva (Sprinz & Luterbacher, 1996).  81 

After that, in 1988, the United Nations Environmental Program (UNEP) and the World 82 

Meteorological Organization (WMO) created the Intergovernmental Panel on Climate Change (IPCC) 83 

to provide policymakers with regular scientific assessments on the current state of knowledge about 84 

Climate Change (IPCC, 2015b). In addition, IPCC published a set of guidelines for the National 85 

Greenhouse Gas Inventories in 1995. The revised versions of these guidelines were issued in 2006 86 

and updated in 2019 (IPCC, 2006 and 2019). These guidelines have been used as a reference in the 87 

development of the new tool. 88 

Another important attempt to control Climate Change is the United Nations Framework Convention 89 

on Climate Change (UNFCCC) which was developed in Rio de Janeiro in 1992. The aim of this 90 

convention was to stabilize GHG concentrations in the atmosphere. The parties of this convention 91 

have met annually since 1995 in the Conferences of the Parties (COP) to assess progress regarding 92 

Climate Change  (UNFCCC, 1992). 93 

In addition, in 1998 the GHG Protocol was created by the World Resources Institute and the World 94 

Business Council for Sustainable Development (WRI and WBSCD, 2004). The GHG Protocol 95 

developed standards, tools and online training that helped countries and cities track progress towards 96 

their climate goals. These GHG Protocol related documents have also been used to develop the new 97 

tool. 98 

One of the most important COP of UNFCCC is the Paris Agreement (21st COP) which set the 99 

mitigation goal of limiting the global temperature increase up to 2 °C and ideally up to 1.5°C in 2015 100 

(United Nations, 2015). The last COP was held in Madrid (25st COP) in 2019.The main achievements 101 

of this COP were raising the countries ambitions up to the goals of the Paris Agreement, recognizing 102 

the importance of the oceans in the climate system and promoting women's participation in 103 

international climate negotiation (El National, 2019). 104 

 105 
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Table 1: Summary of the International attempts to control Climate Change in general 106 

Organization Initiative Year 

World Meteorological Organization 
(WMO) 

The WMO was one of the first major international meetings 
on Climate Change. 

1979 

United Nations Environmental Program 
(UNEP) and World Meteorological 
Organization (WMO) 

The UNEP and the WMO set the Intergovernmental Panel on 
Climate Change (IPCC) to provide policymakers with regular 
scientific assessments on the current state of knowledge about 
Climate Change. 

1988 

United Nations (UN) 
The UN developed the United Nations Framework 
Convention on Climate Change (UNFCCC) to stabilize GHG 
concentrations in the atmosphere. 

1992 

Intergovernmental Panel on Climate 
Change (IPCC) 

The IPCC published a set of guidelines for National GHG 
Inventories. The revised versions of these guidelines were 
issued in 2006 and updated in 2019. 

1995 

United Nations (UN) 
The UN developed the Kyoto Protocol which established an 
action to limit GHG emissions by at least 5% below 1990 
levels in the commitment period from 2008 to 2012. 

1997 

GRI (Global Reporting Initiative) 

The GRI helps businesses, governments and other 
organizations to understand and communicate the impact of 
business on critical sustainability issues such as Climate 
Change. 

1997 

World Resources Institute (WRI) and 
World Business Council for Sustainable 
Development (WBCSD) 

The WRT and the WBCSD developed the GHG protocol in 
order to establish frameworks to measure and manage GHG 
emissions from private and public sector operations, value 
chains and mitigation actions. 

1998 

U.S. Environmental Protection Agency 
(EPA) 

The EPA prepared a legal opinion concluding that CO2 
emissions were within the scope of the EPA’s regulatory 
authority. 

1998 

World Wide Fund for Nature (WWF) 
The WWF established a Gold Standard emission allowance to 
ensure that the projects reduced carbon emissions under the 
UN’s Clean Development Mechanism (CDM).  

2003 

International Organization for Standard 
(ISO) 

ISO developed the ISO 14064 which contains detailed 
principles and requirements for designing, developing, 
managing and reporting organization or company level GHG 
inventories. The revised version of this standard was 
developed in 2018. 

2006 

Ecological Transition Ministry (MITECO) 
of the Spanish government 

The MITECO has developed a tool and a guideline to 
calculate carbon footprint for scope 1 and scope 2. 

2007 

Catalan Office for Climate Change 
(OCCC) 

The OCCC developed an excel based tool to calculate CO2 
emissions for all 3 scopes. The latest version of this tool with 
its guideline was published in 2019. 

2008 

United Nations (UN) 
The UN launched the Partnership for Learning on Climate 
Change. 

2009 

German Institute for Standardization 

The German Institute for Standardization published the 
European standard EN 16258 "Methodology for calculation 
and declaration of energy consumption and GHG emissions of 
transport services". 

2012 

United Nations (UN) 
The Paris Agreement set the mitigation goal of limiting the 
global temperature increase up to 2 °C and ideally up to 
1.5°C. 

2015 

World Wide Fund for Nature (WWF) 
The WWF established a next generation of the Gold Standard 
to quantify, certify, and maximize impacts on climate security 
and sustainable development. 

2017 

Carbon Trust (UK based company) 

Carbon Trust introduces two types of carbon footprint that 
affect businesses: one that measures an organization’s overall 
activities, and one that looks at the life cycle of a product or 
service. 

2017 
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United Nations (UN) 
The main aim of the (COP 25) in Madrid is to raise the 
countries’ ambitions up to the goals of the Paris Agreement. 

2019 

 107 

Besides these general initiatives, several attempts have also been made in the maritime sector to 108 

control the effects of Clime Change (Table 2). Shipping and port related activities may have an impact 109 

on Climate Change and could be affected by it. Burning fossil fuels for operations, transportation, 110 

heating, and electricity consumption are port activities that can produce GHG emissions in ports 111 

(IAPH, 2010). Based on the result of a research from Winnes et al. (2015) on greenhouse gas 112 

emissions from ships in ports, the emissions of CO2 are projected to increase by 40% to 2030 in a 113 

business as usual (BAU). These emissions contribute to Climate Change and can have consequences 114 

in the marine sector, such as increases in air and water temperatures, reduction of the frost days, 115 

increases in the frequency and the intensity of heavy downpours, sea level rise and increases in water 116 

vapor content in the atmosphere (Karl et al., 2009). Therefore, in order to control these effects some 117 

initiatives have taken place. 118 

In April 2008, the World Ports Climate Initiative (WPCI) was developed by the International 119 

Association of Ports and Harbors to provide a mechanism to assist the ports in mitigating Climate 120 

Change (IAPH, 2010). Moreover, in 2010 the WPCI published a guideline as an introduction to 121 

“Carbon Footprinting” and as a resource guide for ports wanting to develop or improve their GHG 122 

emissions inventories (WPCI, 2010). This guideline has also been used in developing our tool. 123 

More recent initiatives are the World Port Sustainability Program (WPSP) which foster the 124 

subscription of ports to the Paris Agreement or the position paper of ESPO concerning the European 125 

Green Deal, which tries to reduce CO2 emissions in ports by 50% in 2030. 126 

 127 

Table 2: Summary of the International initiatives to control Climate Change in the Maritime sector 128 

Organization Initiative Year 

The International Maritime 
Organization (IMO) 

It established regulations for the Prevention of Air Pollution from 
Ships (addition of Annex VI to MARPOL). 

 

2005 

International Association of Ports and 
Harbours (IAPH) 

It provided a mechanism to assist the ports in mitigating Climate 
Change and it developed the World Ports Climate Initiative 

2008 
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(WPCI), established to raise awareness in the port and maritime 
community about the need for action regarding GHG emissions. 

World Ports Climate Initiative (WPCI) 
It developed guidelines for ports to create or improve their GHG 
emissions inventories. 

2010 

The International Maritime 
Organization (IMO) 

It provided an energy efficiency framework for ships. 
2011 

The World Association for Waterborne 
Transport Infrastructure (PIANC) 

It published a Guideline for Port Authorities to create awareness 
about the green port philosophy. 

2014 

The Clean Cargo Working Group 
(CCWG) 

It developed tools to calculate the CO2 footprint for a particular or 
overall approach to the logistic chain. 

2015 

Marine Environment Protection 
Committee(MEPC 72) 

It adopted IMO strategy on reducing GHG ship emissions. 
2018 

The World Ports Sustainability 
Program (WPSP) 

It commits to demonstrating port leadership in CO2 reduction 
through the subscription of ports to the Paris Agreement. 

2018 

PIANC’s Working Group 188 
It investigated the carbon footprint of activities in navigation 
channels and port infrastructure including the management of 
dredged material. 

2019 

World Ports Climate Action Program 
(WPCAP) 

It facilitates emission reductions from the ports’ supply chains and 
their larger geographical areas. 

2019 

The Green Ship Technology 
Conference 

It adopted the IMO strategy to reduce GHG emissions from 
shipping by 50% by 2050. 

2019 

PIANCs’ Navigating a Changing 
Climate Partnership 

The partners have committed supporting the inland and maritime 
navigation infrastructure sector as they respond to Climate Change. 

2019 

PIANC Working Group 178 
It prepared a technical guidance document to help waterborne 
transport adapt to Climate Change. 

2020 

European  Sea Ports Organization 
(ESPO) 

It published a position paper concerning the European Green Deal 
in whichCO2 emissions from ships at berths and in ports should be 
reduced by 50% on average and across all segments of shipping by 
2030. 

2020 

 129 

3. Methodology 130 

This section consists of three subsections. In the first one, the main outcomes of previous research on 131 

existing methodologies are presented. After that, scopes and sources are introduced and finally, the 132 

summary of used formulae is presented. 133 

 134 

3.1. Existing Methodologies 135 

Before creating the tool, several methodologies to calculate Carbon Footprint in ports, port terminals 136 

and ships were studied and analysed. More than 20 different methodologies used by 15 ports, 3 port 137 

terminals and 4 ships were taken into account. This research constituted the basis for the creation of 138 

the new tool to calculate CO2 emissions in ports. After having reviewed all these methodologies, a set 139 

of conclusions about their main strengths and weaknesses were extracted. These are presented in table 140 

3.  141 
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 142 

Table 3: The main strengths and weaknesses of the existing methodologies 143 

Strengths and weaknesses of the existing methodologies Percentage (%) 

Strengths 
Inclusion of vessels ‘emissions 72.2 
Consideration of the emissions from the main 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 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 

 144 

As it can be seen in Table 3, the main strength of the researched methodologies was that, in most of 145 

the cases, the calculation included ships’ emissions. In addition, in more than half of the cases all the 146 

main GHG (CO2, CH4 and N2O) were taken into account and the methodology was developed using 147 

standard methods such as IPCC and WPCI guidelines, GHG protocol and ISO 14064 (ISO, 2006). 148 

The main weakness of these studies was that in most of the methods not all the emission sources 149 

mentioned in the standard guidelines (direct or indirect) were included in the calculation. In addition, 150 

in more than three fourths of the methods, emissions from waste treatment operations taking place in 151 

the port were not taken into account. Moreover, in most of the cases emissions from employees’ 152 

commuting were not includedand the methods did not follow the standard definition of scopes. Other 153 

weaknesses present in more than half of the cases are ports using estimates when introducing the data 154 

into the tool and not real measurements, the exclusion of some scopes or parts of them, the fact that 155 

emissions from scope 3 were not considered, lack of access to the calculation tools and a not well-156 

presented description of the method. 157 

Bearing in mind all these strengths and weaknesses, a new standardized tool was developed. Such 158 

new tool overcomes all these weaknesses and includes all the strengths. Moreover, all scopes and all 159 

the direct and indirect emission sources are considered. It also includes emissions from waste 160 

treatment plants present in the port area such as incinerators and wastewater treatment plants. The 161 
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new tool also takes into account the emissions from employees’ commuting that were neglected by 162 

some methods and it includes three different calculation options for the users as well, which makes 163 

the results more realistic. 164 

Moreover, the three main GHG (carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O)) are 165 

included in the new tool and the total amount is presented as a CO2eq, as it includes all three GHG 166 

emissions. In addition, the tool provides options to select the scopes that are more suitable and 167 

applicable to each port. 168 

This research also showed that there was not any unified and complete method to calculate GHG 169 

emissions and Carbon Footprint that allowed comparing results among different ports. Following the 170 

example of the successful experience of CLIMEPORT project (MED, 2011), this new tool allows to 171 

calculate the Carbon Footprint as a ratio between the total amount of CO2eq and the total capacity of 172 

the port. This will enable comparing of the results of different ports standardizing on a common 173 

ground if they want to share these data. In addition, this tool will be freely available. 174 

As part of the methodology, in the next subsections Scopes and Sources are defined and Formulae are 175 

presented. 176 

 177 

3.2. Scopes and Sources  178 

In order to choose the scopes, the WPCI guideline has been used. Based on this guideline, scopes in 179 

ports are divided into three main groups (Figure 1) (WPCI, 2010): 180 

Scope 1: Port Direct Sources. These sources are directly under the control and operation of the port 181 

administration entity and include port-owned fleet vehicles, port-administration owned or leased 182 

vehicles, buildings (e.g., boilers, furnaces, etc.), port-owned and operated cargo handling equipment, 183 

and any other emission sources that are owned and operated by the port administrative authority. 184 

Scope 2: Port Indirect Sources. These sources include port’s purchased electricity for the port’s 185 

administration owned buildings and operations. Tenant power and energy purchases are not included 186 

in this Scope. 187 
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Scope 3: Other Indirect Sources. These sources are typically associated with tenant operations and 188 

include ships, trucks, cargo handling equipment, rail locomotives, harbour craft, tenant buildings, 189 

tenant purchased electricity, and port authority and tenant-employees’ commuting (train, personal car, 190 

public transportation, etc.).  191 

 192 

 193 

Figure 1: Emission sources in ports (WPCI, 2010) 194 

 195 

In addition, in the new tool the emission sources are categorized based on the WPCI guideline (2010), 196 

IPCC guidelines (2006 and 2019b) and the GHG Protocol (WRI and WBSCD, 2013). Emission 197 

sources in ports are divided into four main groups: mobile sources, stationary sources, purchased 198 

electricity, and employees’ commuting. 199 

- Mobile sources  200 

Greenhouse gas emissions are produced by mobile sources as fuels are burned. The mobile sources in 201 

ports are divided into six main groups: Cargo handling equipment, On-road vehicles, Railroad 202 

locomotives, Port owned Vessels, Ocean-Going Vessels (OGVs) and Construction equipment. 203 
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- Stationary sources 204 

Stationary sources are the second group of sources emitting GHG found at ports. They typically 205 

account for significantly less GHG emissions than mobile sources. Stationary source emissions come 206 

from fixed, particular, identifiable, localized sources or facilities that use combustion processes. The 207 

main stationary sources in ports are power plants, boilers, and emergency generators  (WPCI, 2010). 208 

Besides these groups, based on the IPCC guidelines (IPCC, 2006 and 2019b), two other stationary 209 

sources can be found in ports are: incineration plants and wastewater treatment plants. In addition, 210 

stationary sources include all other facilities that use combustion processes. 211 

- Purchased electricity 212 

Electricity consumption at ports includes the energy used in routine operation of the port authority and 213 

tenant facilities (i.e., lighting, instrumentation, comfort cooling, computers, ventilation, etc.). 214 

- Employees’ commuting 215 

Based on the GHG protocol (WRI and WBSCD, 2013), employees’ commuting is one of the main 216 

sources of GHG emissions in scope 3 (other indirect emissions of the port). This category includes 217 

emissions from the transportation of employees between their homes and their worksites. Emissions 218 

from employee’s commuting may arise from automobile travel, bus travel, rail travel, air travel and 219 

other modes of transportation (e.g., subway, bicycling, walking). This source was also included in the 220 

new tool. 221 

Figure 2 presents the mentioned scopes and their related sources. It can be seen that scope 1 and scope 222 

3 include similar mobile and stationary sources. The difference lays in the generator of the emissions. 223 

In scope 1 is the port authority and in scope 3 are the port tenants. The same happens with purchased 224 

electricity, emissions from this source could be located in scope 2 (port authority) or scope 3 (port 225 

tenants), depending on the ownership status of the electricity consuming operation (WPCI, 2010). 226 

 227 
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 228 

Figure 2: Scopes and Sources of the tool 229 

 230 

3.3. Formulae 231 

In order to choose the formulae, IPCC (IPCC, 2006 and  2019) and GHG Protocol (WRI and 232 

WBSCD, 2013) guidelines have been used. UNFCCC COP3, which was held in 1997 in Kyoto, 233 

reaffirmed that the IPCC Guidelines for National Greenhouse Gas Inventories should be used as 234 

"methodologies for estimating anthropogenic emissions by sources and removals by sinks of 235 

greenhouse gases" (IPCC, 2003). 236 

Presenting all the formulae used in the tool would make this paper too extensive. Therefore, selections 237 

of the main equations are presented. In order to calculate total emissions, Equation1 has been used in 238 

the tool.  239 

 240 

𝐸 ∑ 𝐸                                                      (Equation1) (IPCC, 2006) 241 

Where: 242 

E total = Total mass of CO2eq (CO2 equivalent) (emissions (tones) 243 

E Scope i= Total mass of CO2eq emissions of each scope (tones) 244 
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 245 

The total emissions of each scope are calculated by using Equation 2: 246 

E ∑ E                                                  (Equation 2) (IPCC, 2006) 247 

Where: 248 

E Scope = Total mass of CO2 eq emissions of the scope (tones) 249 

En = Total mass of CO2 eq emissions of each source n of the scope (tones) 250 

 251 

In order to calculate the CO2 equivalent (CO2eq), Equation 3 has been used. 252 

𝐸  𝐶𝑂 𝑒𝑞 𝐸 𝐺𝑊𝑃                                       (Equation 3) (IPCC , 2006) 253 

Where: 254 

E  (CO2eq) = Total mass of CO2eq (tones CO2eq) 255 

𝐸 Total mass of emissions of each gas i 256 

GWPi = Global warming potential of each gas (tones CO2eq/tones gas) 257 

 258 

GHG vary in terms of their effectiveness in influencing Climate Change. A value has been assigned to 259 

each gas in comparison with the CO2, which is known as its global warming potential (GWP). GWP 260 

value for CO2 is equal to 1 for 100-year time horizon, for CH4 is equal to 28 and for N2O is equal to 261 

265 (IPCC, 2015a). 262 

The main formula to calculate CO2eq emissions of mobile sources and stationary sources in scope 1 263 

and scope 3 is presented in Equation 4. The calculation of emissions for each specific source (i.e. 264 

cargo handling equipment, ocean vessels) is different. Thus, it was considered not appropriate to 265 

present all of them in this paper and it was decided to just introduce the more general ones.  266 

 267 

E Fuel Consumptionꞏ EFi (Equation 4) 268 

Where: 269 

E  = Total mass of GHG emissions in each source (tones) 270 
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Fuel consumption = Amount of Fuel consumption (gal, l, m3, kg, tones) 271 

EFi = Emission Factor for each gas (tones gas/ (gal, l, m3, kg, tones)) 272 

Emission factors have been extracted from IPCC guidelines (IPCC, 2006).  273 

 274 

The calculation of the purchased electricity in scope 2 and scope 3 was done using Equation 5: 275 

E  ∑ Electricity Consumption FE                                         (Equation 5) 276 

Where: 277 

E   = Total amounts of CO2 emissions (tones) 278 

∑ Electricity Consumpion  = Total amount of Electricity Consumption in the port authority (kWh) 279 

FE= CO2 Emission Factor per country (tones CO2/kWh) 280 

Emission factors have been extracted from Carbon footprint ( 2019). 281 

Employees’ Commuting emissions have been calculated based on the availability of data. Ports may 282 

use one of the following methods (WRI and WBSCD, 2013):  283 

• Fuel-based method: This method involves determining the amount of fuel consumed during 284 

commuting and applying the appropriate emission factor for that fuel. In this category, the calculation 285 

is the same one that was used when calculating emissions from mobile sources in scope 1 and scope 3. 286 

 287 

• Distance-based method: This method involves collecting data from employees on commuting 288 

patterns (e.g. distance travelled and mode used for commuting) and applying appropriate emission 289 

factors for the modes used. In this regard, the Equation 6 is used. 290 

𝐸 2 𝑑 𝐹𝐸 𝑊𝑜𝑟𝑘𝑖𝑛𝑔𝑑𝑎𝑦𝑠                                      Equation 6  291 

Where:  292 

E  = Total GHG emission (tones) 293 

2= The one-way distance is multiplied by two for the daily return trip 294 
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d  = Distance travelled by the employee j (km or miles) 295 

FE  = Emission factor of GHG i based on the transportation method k (tones gas/(km o miles)) 296 

Working Days= Number of working days in the period of study 297 

K= Type of mean of transport 298 

 299 

• Average-data method: This method involves estimating emissions from employees’ commuting 300 

based on average data on commuting patterns. The emissions’ calculation has been done using 301 

Equation 7. 302 

 303 

𝐸 𝑊𝑜𝑟𝑘𝑖𝑛𝑔𝑑𝑎𝑦𝑠 2 𝑇𝑜𝑡𝑎𝑙 % �̅� 𝐹𝐸 % �̅� 𝐹𝐸304 

% �̅� 𝐹𝐸 % �̅� 𝐹𝐸                          (Equation 7) 305 

Where: 306 

E  = Total GHG emission (tones) 307 

Working Days= Number of working days in the period of study 308 

Total  = Total number of employees 309 

% = Percentage of the employees using this method of transport compared with the total 310 

d = Average distance made by employees using this method of transportation (km o miles) 311 

FE  = Emission factor of GHG i based on the transportation method k (tones gas/ (km o miles)) 312 

The number 2 in the formula is related to the return trip, this means the one-way distance multiplied 313 

by two for the daily return trip. 314 

 315 

4. Tool’s description 316 

After defining the scopes and choosing the formulae to be used, a practicable, user-friendly and freely 317 

available tool for the calculation of Carbon Footprint in ports was developed. This tool is specifically 318 

designed so that port authorities can calculate their Carbon Footprint and report it accordingly. 319 
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The tool provides options to select the scopes that are more suitable and applicable to each port. In 320 

addition, it allows for normalizing (standardize to a common ground) the total annual emissions in 321 

terms of total tons of cargo handled or annual TEUs. This is basically done to allow for a comparison 322 

of the results of different ports standardizing to a common ground. In this tool, all the emission 323 

sources gathered in the standard guidelines (i.e. IPCC, GHG protocol and WPCI) are taken into 324 

account. 325 

The completion of this excel based tool is expected to be around 20 minutes (if data are available) and 326 

it is divided into three steps: 327 

 Step1: General data such as the port’s name, the country and the port total cargo are required. 328 

 Step 2: The port should select the different scopes to be included in the calculation and the 329 

required data should be filled in order to get the final result. 330 

 Step 3: By pressing the result button, a report is produced with the total CO2 equivalent 331 

emissions and also with emissions by capacity (carbon footprint) and by scope. This document 332 

can be saved as a pdf file. 333 

It should be mentioned that if data are not available for some of the sources or if the issues or 334 

activities are not applicable to a particular port, it is not necessary to fill the boxes. The program will 335 

work in any case and the user can continue filling the rest of the tool. 336 

The tool, the guidelines and the video can be downloaded from http://eports.cat/carboonfootprint. 337 

Once the user downloads the three files, he/she should save them all together in a folder. Then, the 338 

user could run the tool by enabling it. Figure 3 shows the screenshot of the website and the link of the 339 

tool. 340 

 341 
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 342 

Figure 3: The screenshot of the website of the tool 343 

 344 

4.1. Tool’s Introduction 345 

In this section, the tool is presented. The first screen of the tool shows a brief explanation about 346 

Climate Change and the different emissions scopes considered in the standard guidelines (Figure 4). 347 

 348 
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 349 

Figure 4: Introductory screen 350 

 351 

The next screen includes a description of the different steps of the tool (Figure 5). In this screen, there 352 

is an “Instructions” button which will direct the user to the pdf Guidelines of this tool. In addition, by 353 

pressing the “Video tutorial” box, the instructions are displayed through a video. By clicking the 354 

“Start calculation” button, the calculation of the GHG emissions of the port starts. 355 

 356 

 357 

Figure 5: Steps of the tool 358 
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 359 

4.2. The port general data 360 

The first step of the tool includes the completion of the port general data. As it can be seen in Figure 361 

6, some specific information of the port before calculating the emissions is needed. It is important to 362 

mention that this data is exclusively for the port. The Universitat Politècnica de Catalunya (the tool 363 

developer) does not have access to any data introduced in the tool. This is totally confidential. These 364 

general data are: 365 

 Port name 366 

 Port address 367 

 Country 368 

 Capacity (TEU/ Year) or Total Cargo (Million tonnes/ Year) 369 

 370 

 371 

Figure 6: General data of the port 372 

 373 

As it is explained in the note 1 in Figure 5, if data are not available for some of the sources or if any of 374 

the issues or activities are not applicable to a port, it is not necessary to fill in the boxes. The program 375 

will work in any case and the user can continue filling in the rest of the tool. 376 
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In addition, as mentioned in note 2, the boundaries of the tool are the port area, and therefore all the 377 

emissions calculated should be the ones that are occurring in this area, not outside. 378 

4.3. Scopes 379 

The purpose of the following screen is to select the scope in which emissions are going to be 380 

calculated (Figure 7). In order to have a realistic overview of the Carbon Footprint of the port, it is 381 

recommended to calculate the emission of all three scopes. It should be mentioned that the project can 382 

be saved at each stage by clicking on the ‘Save Project’ button. In addition, it is possible to clear all 383 

data by clicking on the ‘Clean Project’ button. 384 

 385 

 386 

Figure 7: Scopes’ selection 387 

 388 

By clicking on scope 1, a brief explanation of scope 1 is presented. Then, in the next slides, the 389 

required data to calculate the emissions sources related to scope 1 should be provided. As mentioned 390 

before, emission sources are divided into two main groups; mobile sources and stationary sources. As 391 

for the calculation of all sources of scope 1, the related cells should be filled with the appropriate data 392 

related to the port authority. There are two screens pages for scope 1 that belong to mobile sources 393 

and two screen pages that belong to stationary sources. 394 
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Figure 8 presents the first screen page for scope 1,as a sample, where the data related to three 395 

categories of mobile sources should be filled (if they belong to the port authority), which are: 396 

 Cargo Handling Equipment 397 

 On-Road Vehicles 398 

 Railroad Locomotives   399 

For each cell, the source type, fuel type, consumption amount and consumption unit should be 400 

provided. Then by pressing the ‘Add’ button, the source will be added to the list. At the same time, by 401 

pressing the “delete” button, possible mistakes, if any, can be erased (Figure 8).   402 

 403 

 404 

Figure 8: First calculation screen of the mobile sources (scope 1) 405 

 406 

The tool also requires the same information on two other mobile sources (if they belong to the port 407 

authority): 408 

 Port owned vessels  409 

 Construction Equipment 410 
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Once the data for mobile sources have been completed, the tool requires information for stationary 411 

sources related to the port authority. In the first slide of the stationary sources, data (i.e. fuel type, 412 

consumption amount and consumption unit) on the following installations are required: 413 

 Power plants 414 

 Boilers 415 

 Incineration plants 416 

 417 

In the last screen of scope 1(Figure 9), data related to three other groups of stationary sources should 418 

be filled (i.e. fuel type, consumption amount and consumption unit). These sources are: 419 

 Generators 420 

 Facilities that use combustion processes 421 

 Wastewater treatment plants 422 

 423 

In the case of the wastewater treatment plant, the type of wastewater treatment plant and the type of 424 

industry this water comes from should be chosen. 425 

Then, the total emissions of scope 1 can be obtained by clicking the ‘Results’ button which generates 426 

a pdf file (Figure 9). Alternatively, if the user wants to continue with the calculation of emissions for 427 

the rest of the scopes and get the total amount of emissions at the end, he/she should press the button 428 

‘Go to Scope 2’ and start the calculation.  429 

 430 
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 431 

Figure 9: The second calculation screen of the stationary sources (scope 1) 432 

 433 

The next screen of the tool presents an introduction screen to scope 2, where a brief definition of this 434 

scope is presented and after that, the calculation page for scope 2 appears (Figure 10). In this slide, 435 

information on electricity data consumed by the port authority is required. The consumption amount 436 

has to be introduced and the intensity should be selected from a list according to the country. The mix 437 

of energy, and therefore the emissions, will vary depending on the country. If the name of a country is 438 

not on the list or if the user is not satisfied with the intensity value, “other option” should be chosen 439 

and the desired value should be added to the intensity box. Then, by pressing the ‘Add’ button, 440 

different sources can be added to the emission list. After that, the result of this scope can be obtained 441 

by clicking on the ‘Results’ button. Alternatively, the user can press the button ‘Go to Scope 3’ where 442 

these emissions will be calculated. 443 

 444 
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 445 

Figure 10: Calculation screen of the scope 2 446 

 447 

Figure 11 shows the definition of scope 3. In this scope, the required data related to tenants’ emissions 448 

should be provided. Such emissions are divided into four main groups: mobile sources, stationary 449 

sources, purchased electricity and employees’ commuting. The needed data of these four sources 450 

should be introduced in the eight consecutive screens of the tool. 451 

 452 
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 453 

Figure 11: Definition of scope 3 454 

 455 

The slides on mobile sources, stationary sources and purchased electricity are the same as those 456 

presented for scope 1. The main difference is that the data should be filled with tenants’ information 457 

and not with the port’s authority data. Therefore, these slides will not be repeated. The only variation 458 

is the inclusion of ‘Ocean-Going Vessels’ in the mobile sources category. This new category can be 459 

seen in Figure 12. 460 

 461 
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 462 

Figure 12: Second calculation screen of the mobile sources (scope 3) 463 

 464 

To calculate the emissions from employees’ commuting, three methods are proposed according to the 465 

data availability. Figure 13 offers a decision tree to select the most suitable calculation method for 466 

scope 3 emissions from employees’ commuting. Ports may use one of the methods which were 467 

explained in section 3.3(WRI and WBSCD, 2013). By clicking on the method, the related calculation 468 

page will be presented. 469 

 470 



27 
 

 471 

Figure 13: Decision tree to select a calculation method for emissions from employees’ commuting 472 

 473 

Figure 14 shows the three different methods for calculating emissions from employees’ commuting. 474 

As it can be seen, in the Fuel-based method, the required data are the type of vehicle, fuel type, 475 

consumption amount and unit. In the Distance-based method, the required data are the type of vehicle, 476 

working days, distance and unit. In the Average-data method, the required data are the total number of 477 

employees, working days, percentage of total commute based on the vehicle type and average one-478 

way distance. 479 

 480 
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 481 

Figure 14: The combination of three slides of the different methods for calculating emissions from 482 

employees’ commuting  483 

 484 

4.4. Results 485 

Finally, in the last screen by clicking the ‘Results’ button, the results for three scopes and the total 486 

GHG emissions can be obtained. The results can be saved as a pdf file. A sample of the results as a 487 

pdf file is presented in Figure 15, which can be found in the next section. 488 

 489 

5. Case Study  490 

In order to test the tool, a case study with public data from the Port of Oslo (Norway) has been used. 491 

The results will allow for comparing the published results of this port with the results of our tool. 492 

5.1. Carbon Footprint calculation carried out by the port of Oslo 493 
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The data used for this case study belongs to the calculation of the Carbon Footprint that the Port of 494 

Oslo conducted in 2007 and published in 2008(Port of Oslo, 2008). For further information on the 495 

input data please check the aforementioned reference. This calculation was developed based on the 496 

ISO14064-1  (ISO, 2006) standard which  derives from GHG Protocol (WRI and WBSCD, 2004). 497 

The definitions of emission scopes used by the Port of Oslo are described below: 498 

 Scope 1 (Direct emissions). It includes the activities that produce direct emissions from the Port 499 

of Oslo which are: fuel usage for heating of buildings, company owned cars, operational vessels 500 

owned by the Port of Oslo and operational machines and cranes owned by the Port Authority. 501 

 Scope 2 (Energy indirect emissions). It includes the activities that produce emissions related to 502 

energy consumption from the Port of Oslo, which involve electricity usage by: cranes owned by 503 

the Port Authority, harbour lightning, buildings owned by the Port of Oslo (e.g. heating, 504 

lightning), lighthouses owned by the Port Authority and other sources in the Port of Oslo.  505 

 Scope 3 (Other indirect emissions). It includes other indirect emissions from the Port of Oslo 506 

related to the fuel usage for employees’ commuting. 507 

As it can be seen in Table 4, the results show that the total estimated CO2 emissions from the Port of 508 

Oslo activities are 1345 t CO2eq. The relatively low outcome, to a large extent, is due to the fact that 509 

the Port of Oslo is being mainly driven by electricity based on hydropower, which is the major source 510 

of energy in Norway (Port of Oslo, 2008). Table 4 also shows CO2 emissions for the port of Oslo by 511 

scope. As it can be seen, scope 1 is the largest emission source (44%). Scope 2 is in the second 512 

position with 34% of the total emissions. Employee’ commuting (scope 3) constitutes the smallest 513 

part of the carbon footprint (22%).   514 

Table 4: CO2 emissions for port of Oslo by scopes (Port of Oslo, 2008) 515 
Scope Source description CO2eq (tonnes) 

Scope 1 

Fuel usage (diesel) by company owned cars in the Port of Oslo 337 
Fuel usage (petrol) by company owned cars (Port of Oslo) 101 
Fuel (diesel) usage by operational vessels owned by the Port of Oslo 98 
Fuel (diesel) usage by all operational machines owned by the Port of Oslo 58 
Total emissions of scope 1 594 

0 

Electricity usage by cranes owned by the Port of Oslo 31 
Electricity usage for the purpose of harbour lightning by the Port of Oslo 163 
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 
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Electricity usage by lighthouse owned by the Port of Oslo 1 
Electricity usage from other sources in the Port of Oslo 7 
Total emissions of scope 2 463 

Scope 3 Employees’ commuting 288 
Total 1345 

 516 

5.2. Carbon Footprint calculation carried out with the tool developed in this paper 517 

In this section, the same input data as in from the port of Oslo (2008) was used to test the new tool. As 518 

it can be seen in Figure 15, the total estimated CO2 emissions from the Port of Oslo activities 519 

calculated by the new tool are 1293 t CO2eq. In addition, scope 1 is the largest emission source (47%), 520 

followed by Scope 2 with 36% of the total emissions. Scope 3 emits only 17% of total emissions. 521 

 522 

Figure 15: CO2 emissions for port of Oslo by new tool 523 
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5.3.  Comparison of results 524 

Table 5 shows the comparison of the results obtained for the calculation of the Carbon Footprint 525 

using the two methods. As it can be seen in this table, the existing results of the port of Oslo are 526 

almost the same as the results of the new tool: 1345 CO2eq tonnes (Port of Oslo tool) in front of 527 

1293 CO2eq tonnes (new tool). This shows that the tool presented in this paper is almost in line with 528 

the one used by the Port of Oslo. The reasons for the minor differences in scope 1 and 2 are due to 529 

the usage of different calculation methods (more specific for ports in the case of the new tool) and 530 

different emission factors. In the case of employees’ commuting in scope 3, in the new tool, only 531 

transport by car is taken into account and other forms of transports like travelling by plane or train 532 

are neglected in the new tool because of lack of needed data. 533 

Table 5: Comparison of the Carbon Footprint results for the port of Oslo (2008) 534 

Scopes Existing results(CO2eq tonnes) Results of the new tool(CO2eq tonnes) 
1 594 610 
2 463 463 
3 288 220 

Total 1345 1293 
 535 

6. Validation 536 

In order to validate the tool, this was sent to a set of selected environmental port managers, 537 

environmental experts and port professionals all around the world to gain their feedback and opinion 538 

about the tool. Answers from 15 international experts were gathered around the world via email, 539 

telephone calls or personal visits. These experts included among others diverse Heads of the Port 540 

Environmental Department, Port Senior Environmental Managers, Environmental Senior Policy 541 

Advisors, Heads of the Port Sustainability Department, Environmental and Climate consultants, 542 

International Organizations and also university full professors (environmental experts). 543 

The feedback obtained from the reviewers was considered in order to improve the tool. Most of the 544 

proposed comments and amendments were accepted and a final updated version of the tool was 545 

developed, which is the one presented in the previous section. Table 6 presents some examples of the 546 
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feedback obtained and whether the action was rejected () or accepted () with its consequent 547 

modification. Those comments that were not accepted are justified below. 548 

 549 

Table 6: Feedback obtained and actions taken 550 

Reviewers’ feedback Action taken 
1- Highlighting the fact that the information provided is confidential  
2- 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  

3- Explaining that the boundaries of the tool are the port area  
4- Ensuring the possibility to go from one scope to another without following a 

consecutive order and without no need to fill the three of them  

5- Erasing the name of the cells and put them on top of them to avoid their 
disappearance when moving inside the tool  

6- Adding of “Bio gasoline” and “Biodiesels” as a fuel type for the on road vehicles  
7- Adding an option to select the electricity intensity according to the mix of energy 

of each country with updated data in scope 2  

8- Providing an option to add the value of electricity emission factor manually in 
scope 2 if the port has its own value  

9- Presenting the results not only through tables but also as  graphics  
10- Presenting the results by total amount of CO2e emissions, but also by TEU, by 

total cargo and by scope  

11- Removing the name of a specific port as an example in the resulting pdf  
12- Adding of “electricity” as a fuel type in scope 1 and 3 for the on road vehicles, as 

some of them may use electricity.  

13- Excluding of the locomotives from the mobile sources list, as many ports do not 
have it.  

14- Including emissions from the whole life cycle of the fuel production (i.e. from 
crude extraction, refinery until its use)   

15- 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 in scope 3.  

 

 551 

Justification of the rejected comments: 552 

 Concerning the comments about adding electricity to the fuel type for on road vehicles in 553 

scope 1 and 3 (comment 12), the research team agreed that these emissions belong to scope 2, 554 

together with all the rest of electricity consumption data. 555 

 Regarding removing locomotives from the mobile sources list (comment 13), this suggestion 556 

was rejected as some ports may have locomotives. Therefore, it was decided to keep them in 557 

the tool in order to be more conservative. If the port does not have it, there is no need to fill 558 

the box.  559 
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 As for calculating emissions for the whole life cycle of the fuel (comment 14), it is out of the 560 

scope of the tool because it would complicate the gathering of data for the port when it is 561 

already quite complex.  562 

 The suggestion of separating the port authorityemployees’ commutingfrom the rest of 563 

employees’ commuting and locating their emissions in scope 1 (comment 15) was rejected. 564 

The emission from employees’ commuting is an indirect emission and therefore it cannot be 565 

in the scope 1 (direct emissions). 566 

 567 

7. Conclusions 568 

Climate Change is one of the main environmental concerns in ports. In recent years several attempts 569 

have been made to control Climate Change and reduce its consequences. Initiatives and studies on 570 

several ports show that although in recent years many ports have started to calculate their Carbon 571 

Footprint and report it, each Authority or Operator uses its own method. This makes the comparison 572 

of results very difficult. In addition, based on the researches of different cases, there is no single or 573 

unified method to calculate Carbon Footprint in ports. Moreover, the emissions from some sources 574 

such as waste treatment and employees’ commuting are excluded from calculation in most of the 575 

cases. 576 

In order to overcome all the weaknesses of previous studies, a new tool was developed. This tool is 577 

specifically designed for port authorities to calculate their Carbon Footprint and report it accordingly 578 

in a user-friendly way. For this reason, the tool includes a user guideline as a pdf file and a step-by-579 

step video tutorial. 580 

In this tool, all scopes and all the direct and indirect emission sources are taken into account following 581 

the international standards. Another advantage of this tool is that a part from providing the total value 582 

of the port Carbon Footprint (CO2eq), it also calculates the ratio between the total amount of CO2eq 583 

and the total capacity of the port. This will make comparing the results of different ports easier. If 584 

ports are willing to share their ratio values with the scientific community, it will help scientists track 585 

CO2 emissions in ports and calculate their share in the total GHG emissions in each country and in the 586 
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world. This would be very useful for policy makers in order to take decisions on where is needed to 587 

establish emissions restrictions or any other type of policy measures to ensure the control and 588 

reduction of GHG emissions. New research opportunities could be occurring if scientists could assist 589 

ports in implementing new measures (i.e. more efficient technologies, green fuels) that they have 590 

developed to reduce GHG emissions in these areas and assess their performance through the use of 591 

this tool. This would foster the collaboration between science and port industry to solve a problem 592 

that is of high relevance for the planet.  593 

The tool also provides the users with flexibility in the sense that it can be completed taking only into 594 

account the activities carried out by each specific port without the need of completing all the fields. It 595 

also provides the ports with autonomy to decide which scopes they want to include in their 596 

calculation. Therefore, the tool can be used by all types of ports, regardless of its size, location, 597 

commercial activities or any other distinctive characteristics. It also allows for checking the progress 598 

over the years as well as the effect of taking action to reduce GHG emissions. Each port can track its 599 

GHG emissions rate during a specific time period (e.g. annually). The user port can compare the 600 

results with the previous period and track the changes of its GHG emissions in the different scopes 601 

and sources. The results will show which scope and related sources emit more GHG so that 602 

appropriate measures to reduce these emissions can be taken. The next time the tool is used, the port 603 

can assess if the implemented measures have worked or not. 604 

This tool was improved and modified based on the feedback obtained from diverse world-wide 605 

reviewers. The next step will be distributing the tool to all interested ports inside Europe and outside 606 

Europe for free. 607 

 608 
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