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Abstract 

In 2019, the Icelandic whale watching industry attracted almost 364,000 whale 

watchers, becoming one of the popular recreational activities in Iceland. To meet the 

international climate change regulations, greenhouse gas emissions need to be reduced. 

However, within the Icelandic tourism sector, the discussion of externalities, such as 

greenhouse gas emissions and air pollutants, are often overlooked, which includes diesel 

fuel and electricity consumption-related externalities from the whale watching industry. 

This study focuses on 3 major whale watching operators in Iceland: Special Tours of 

Reykjavík, and North Sailing and Gentle Giants of Húsavík. The economic values of 

externalities from diesel fueled whale watching vessels are compared with those fueled by 

predominantly geothermal and hydropower electricity, facilitating understanding of the 

social costs. From the calculation, the average marginal external costs per kWh for diesel is 

$0.052, and electricity is $0.0005. The average marginal external costs per trip are $190 for 

diesel ships, $126 for diesel RIB boats, and $0.25 for electric schooners. Assuming that all 

the trips have been conducted at 50% of the maximum passenger capacity, the average 

marginal external costs per passenger per trip are $3.64 for diesel ships, $21.00 for diesel 

RIB boats and $0.009 for electric schooners. If the burden of the external costs fell on the 

whale watching operators, then the carbon tax per liter of diesel should increase by 45.33% 

increasing the diesel prices by 1.5%, and electricity prices by 0.92%. On the other hand, if 

the burden fell entirely on the tourists, the ticket prices for the whale watchers would 

increase by 3.87-4.28% for diesel ships, 13.38-13.55% for RIB boats, and 0.01% for electric 

schooners. 

  



 

Útdráttur 

Árið 2019 laðaði hvalaskoðunariðnaðurinn á Íslandi 364,000 viðskiptavini sem gerir 

hvalaskoðun eina af vinsælustu greinum ferðaþjónustu á Íslandi. Til að mæta alþjóðlegum 

skuldbindingum þarf að minnka losun gróðurhúsalofttegunda. Umræða um úthrif, svo sem 

vegna losunar gróðurhúsalofttegunda eða loftmengunar er skammt á veg komin innan 

ferðaþjónustunnar þá með talin úthrif vegna notkunar jarðefnaeldsneytis eða 

rafmagnsnotkunar innan hvalaskoðunarfyrirtækja.  Þessi rannsókn skoðar úthrif vegna 

orkunotkunar þriggja hvalaskoðunarfyrirtækja í Reykjavík; Special Tours í Reykjavík og 

Norðursiglingu og Gentle Giants á á Húsavík með áherslu á losun gróðurhúsalofttegunda og 

loftmengun. Efnahagslegur kostnaður vegna úthrifa notkunar jarðefnaeldsneytis, sem 

endurspeglar kostnað sem greiddur er af samfélaginu er borinn saman við efnahagslegan 

kostnað vegna notkunar rafmagns sem framleitt er með jarðvarma eða 

vatnsafli.  Niðurstöður sýna að meðal jaðarkostnaður úthrifa á kWh af dísel er $0.052 til 

samanburðar við $0.0005 á kWh af raforku. Meðaljaðarkostnaður úthrifa fyrir hverja 

skoðunarferð á díselknúnum hvalaskoðunarbát er $190, á díselknúnum RIB bátum er sá 

kostnaður $126 og á rafknúnum skútum er kostnaðurinn $0.25. Ef gert er ráð fyrir að allar 

ferðir hafi verið farnar með 50% plássnýtingu þá er meðal jaðarkostnaður úthrifa $3.64 á 

farþega fyrir díselknúna hvalaskoðunarbáta.  Sambærilegur kostnaður fyrir ferðir með 

díselknúnum RIB bát er $21.00 á farþega og kostnaðurinn fyrir rafknúna skútu er $0.009 á 

farþega. Ef hinn efnahagslegi kostnaður úthrifa vegna notkunar díselolíu félli 

á  hvalaskoðunarfyrirtækin, þá þyrfti kolefnisgjöldin þeirra að aukast um 45.33%. Það 

myndi hækka díselverð um 1.5%. Sambærilega þyrfti rafmagnskostnaðurinn að aukast um 

0.92% til að standa undir þessum kostnaði. Hinsvegar ef farþegar borguðu kostnaðinn, þá 

myndi miðaverð aukast um 3.87%-4.28% fyrir ferðir á díselbátum og 13.38-13.55% fyrir 

ferðir á díselknúnum RIB bátum. Hinsvegar myndi miðaverð á rafknúnum skútum einungis 

aukast um 0.01%.  
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1 Introduction 

Since the beginning of the Industrial Revolution, there has been a huge increase in the 

impacts of human activities to nature (Stern & Kaufmann, 2013). The increasing 

population and desire for better lifestyles will continue to generate production and 

consumption-related externalities. As a form of climate change mitigation, a shift toward 

greener and cleaner energy has been recommended (Nong et al, 2021; Sovacool et al, 

2021), and one method to facilitate such a shift is by understanding the externalities of 

fossil fuel and renewable energy consumption. Since most studies on whales 

concentrated on biological evaluations to first understand the habits and population 

status of cetaceans (Parsons, 2012), environmental externalities and anthropogenic 

impacts on the marine ecosystem and consequences for human well-being from fuel 

consumption from tourism are frequently overlooked. As a result, environmental 

externalities from the whale watching industry should be explored. Increased research 

on fuel consumption within the whale watching tourism industry is required to evaluate 

how to meet the decarbonization objectives of the maritime sector, of international and 

domestic climate action policies, and to transition towards more sustainable ecotourism 

and whale watching tourism (Lambert et al, 2010). 

This study is focused on the Icelandic whale watching industry in the year 2019. The 

study of 3 whale watching operators may not represent the whole industry but 

constitutes a decent proportion of the industry based on the estimated number of whale 

watching tourists. It is environmentally and economically advantageous for Iceland to 

further advance its transition from traditional fossil fuel (diesel) to renewable electricity, 

given the nation’s abundant renewable sources of geothermal electricity and 

hydroelectricity. Unlike most other countries with extensive whale watching activity, such 

availability provides Iceland with a significant advantage in reducing greenhouse gas 

emissions, which the country needs to do so in order to meet certain policy objectives, 

particularly in the maritime sector and energy policies. Furthermore, this will help to 

further enhance the reputation of the industry, which already ranks second among 

Europe’s most popular whale watching destinations (Lissner & Mayer, 2020). As a result, 
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the transformation would help with the Paris Agreement on greenhouse gas mitigation 

and reducing local air pollution (UNFCCC, 2021b). 

1.1 Research objectives, questions, and methods 

This research, which seeks to estimate the economic value of fossil fuel externalities from 

the whale watching industry, is important to demonstrate the economic importance of 

transitioning towards greener forms of energy sources, which would align with 

international and domestic policy agendas to reduce greenhouse gas emissions and 

possibly deter climate change consequences. The objectives of this research are: 

• To provide an overview of the whale watching tourism industry in Iceland; 

• To identify the economic value of the environmental externalities from Icelandic 

whale watching linked to diesel fuel and electricity consumption by vessels; and 

• To consider the implications of the economic value of diesel fuel and electricity 

externalities in relation to Iceland’s policies for climate change mitigation and 

energy sustainability. 

To meet the objectives of this research, the following primary research questions are 

to be answered by the end of the thesis: 

1. What are the main externalities of diesel fuel and electricity consumption by 

Icelandic whale watching vessels? 

2. What is the economic value of fuel externalities for fossil and electrically fueled 

whale watching vessels? 

3. How might the external costs of diesel fuel and electricity consumption by whale 

watching boats be accounted for by the operator or the whale watchers? 

The main methodology of this study is quantitative data analysis using the benefit 

transfer method, where the calculation of external costs using damage functions will 

facilitate answers to the research questions. The computation of the damage costs and 

emission concentrations are the key data needed to evaluate the external costs, enabling 

a comparative valuation of the external costs of fossil fuel and electricity consumption. 

The whale watching operators in Iceland were contacted, and the interested operators 

collaborated by providing the vessel information required for the analysis, and trip 

schedules from 2019. Further details of the research methodology and calculation 

equations are explained in the later chapter. 
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1.2 Thesis outline 

As per the research objectives and research questions, this thesis evaluates the external 

costs of diesel fuel (fossil fuel) and electricity consumption, providing the economic 

consequences and cost of environmental impacts resulting from diesel fuel consumption, 

which will then be compared to those of renewable electricity consumption. The study 

would provide the opportunity for a further discussion about the merits of transitioning 

towards greener forms of energy for wildlife tourism, as well as the broader scale of 

global marine transportation. Chapter 1 has presented a short introduction, followed by 

the research objectives, questions and methods. The paper's background research and 

literature review has been presented in Chapter 2. The research methods and materials 

utilized for this project are described in Chapter 3, together with the data, computations, 

and equations that were used to obtain the results from the various data inputs. Chapter 

4 presents the data's findings and results, and Chapter 5 analyzes the policy and practical 

implications of the preceding chapter's findings, as well as the limitations concerning the 

other externalities and environmental consequences of whale watching that are not 

included in this project. Finally, Chapter 6 brings the report to a close by summarizing the 

project's primary outcomes and contributions, as well as its policy implications. 
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2 Background and Literature Review 

2.1 Growth of tourism in Iceland 

Prior to 2020, the tourism sector made a significant contribution to the Icelandic 

economy, providing almost 42% of the total share of the nation’s export income in 2017, 

accounting for over five hundred thousand billion ISK, as indicated in Figure 1 (Óladóttir, 

2018). Based on the progressive increase from 2013 to 2018, it is expected that once the 

COVID-19 pandemic has subsided, the number of visitors coming to Iceland will continue 

to increase. At the beginning of 2022, the Icelandic National Bank (Íslandsbanki) 

estimated that the visitor numbers will reach pre-pandemic levels by the summer of the 

same year (2022). 

 

Figure 1 Economic share of tourism income in Iceland, 2013-2017. Source: Óladóttir, 
2018. 

As illustrated in Figure 2, the annual number of international visitors visiting Iceland 

annually had been increasing until 2018, with a small fall in 2019. It can be implied that 

the country will eventually need to control the sector's human impacts on its fragile 

nature (Satista, 2021; Sæþórsdóttir et al, 2020). Several studies have analyzed the effects 

of Iceland's tourism boom, including identifying potential environmental impacts 

(Sæþórsdóttir et al, 2020; Hale, 2018), and use of a set of national environmental 

sustainability indicators to quantify some of its anthropogenic effects (Saviolidis et al, 

2021). To avoid future degradation, sustainable destination management, including 

regular monitoring, is required (Biondo, 2012). 
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Figure 2 Number of international visitors and inhabitants in Iceland in thousands. 
Source: Sæþórsdóttir et al, 2020. 

2.2 Decline in whaling industry and growth of whale watching tourism  

Iceland, like Japan, the United States of America (USA), and Norway (Clark & Lamberson, 

1982), had a whaling industry until 1989, which was resurrected in 2002 (Parsons & 

Rawles, 2003), with the goal of conducting ‘scientific research captures’ (Ryan et al, 2021; 

Clapham & Baker, 2018). These 'scientific research captures' have been a source of 

contention for both whaling and non-whaling nations, as it might be a commercial 

industry masquerading as a conservation effort (Catalinac & Chan, 2005). The ethicality 

of maintaining commercial or controlled whaling in most whaling nations, where policies 

differ in the West and the East, creates an unstable yet flexible footing for continuing 

whaling, according to Catalinac and Chan (2005). 

Nonetheless, since the 1946 International Whaling Commission (IWC), global 

commercial whaling activity have decreased in most countries, with notable differences 

from previous major whaling nations, as seen in Figure 3. Several countries continue to 

conduct whaling (not shown in Figure 3), though Iceland had a halt on commercial 

whaling, with the last recorded whaling in 2019 season even with the quota (UK Whales, 

n.d.). However, it seems that whaling is to continue again in the summer of 2022 for a 

total of 209 fin whales from the annual quota and 42 fin whales from previous year’s 

quota (Hafstað, 2022), and to indefinitely end by 2024 due to low demand and no 

profitability (Þórisdóttir, 2022; Hagfræðistofnun, 2019). The IWC allowed for a shift to a 
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more regulated whaling business after hundreds of years of vigorous whaling activities 

(Allen, 2014; Catalinac & Chan, 2005; Evans, 2020). Specific concerns connected to 

cetacean research are explored in each issue of the Journal of Cetacean Research and 

Management, allowing for a better understanding of the worldwide state of the whale 

population (IWC, 1997; 2003). There has been a push to draft new organizations, treaties, 

and agreements to improve the whales' conservation status (Galletti Vernazzani et al, 

2017). As a result, countries that historically exploited cetaceans are stepping up to 

replace whaling with alternative revenue sources, such as whale watching (Blankenstein, 

2021), or while even conduct whaling and whale watching simultaneously (Malinauskaite 

et al, 2020). 

 

Figure 3 Decline of whaling by major whaling nations, 1945-2011. Source: McGlynn, 
2012. 

Whale watching is defined by the IWC (1994) as ‘any commercial enterprise which 

provides for the public to see cetaceans in their natural habitat’. This definition has been 

used in countries that rely on whales for their economic operations and are being advised 

and urged to change their relationships with the cetaceans. Whale watching has evolved 

into a better way to appreciate nature as a recreational activity involving voyages at the 

sea to witness wildlife in its natural habitats from a vessel, resulting in a modern tourism 
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experience that is close to nature and cetaceans without consuming or extracting them 

(Harman & Dilek, 2017). To put it in other words, the alternative revenue source was 

transformed from eating whales to watching whales (Einarsson, 2009). This has become 

critical in raising public awareness of ecosystem conservation, as many anthropogenic 

activities occur even when no resources are extracted (Christiansen & Lusseau, 2014). 

After the overharvesting and exploitation of cetacean resources in the 19th and 20th 

centuries, the 21st century has begun a new era of admiration for cetaceans (Allen, 2014). 

Since the 1950s, there has been an increase in global whale watching activity, which 

has had positive economic impact on coastal communities and countries (O´Connor et al, 

2009; Hoyt, 2001). Whale watching generated about 2.1 billion United States Dollar (USD 

$) worldwide in 2008, attracting up to 13 million whale watchers, making it a significant 

business for international economies (O´Connor et al, 2009). Unlike whaling, this non-

consumptive form of animal tourism has no extractive impact (Duffus & Dearden, 1990). 

The tourism sector can thus operate its traditional business through ecotourism schemes, 

financially and environmentally reacting to the shift from traditional tourism to wildlife 

tourism, according to the ecotourism site- and activity-success indicators outlined by 

Bagul & Din (2016).  

Since the first ever whale watching in Höfn, Iceland in 1990 (Rasmussen, 2014), the 

sector has grown to become a significant part of Iceland's economic performance, with a 

total of 368,000 whale watchers in 2019, as shown in Figure 4. This is up from 72,000 in 

2003, representing an almost 500% increase in the last 16 years. The rising trend in whale 

watching shows that both government and industry have been successful in promoting 

this type of tourism and non-consumption of animals, with the highest number of whale 

watchers in 2017. Thus, whale watching has become an important source of employment 

for Iceland's local communities (Malinauskaite et al, 2020).  
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Figure 4 Number of whale watching per year (in thousands in blue bars) aligned with 
the percentage of foreign tourists going for whale watching (in blue line). 

Source: Ferðamálastofa, 2021. 

Since 1990, whale watching locations have increased from Höfn to the Faxaflói Bay in 

Reykjavík, Eyjafjörður, and Skjálfandi Bay in Húsavík, as well as other smaller scale tour 

operators around the country, shown in Figure 5. Amongst the different whale watching 

locations around Iceland, the most frequented locations in the recent years are Faxaflói 

Bay in Reykjavík, capital area, and Skjálfandi Bay in Húsavík, a small town in the north 

(Cook et al, 2020; Blankenstein, 2021).  

 

Figure 5 Map of Iceland with whale watching locations. Source: Rasmussen, 2014. 
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As a result of the surge in whale watching, discussions have taken place about whether 

whale watching is a truly sustainable form of whale conservation and sustainability 

(Parsons & Rawles, 2003). Nonetheless, as the number of prospective whale watchers 

grows, whale-friendly patterns of tourism have emerged, such as through responsible 

whale watching code of conducts (Iñíguez, 2013; Nicosia & Francesco, 2016; 

Malinauskaite et al, 2020; Blankenstein, 2021). The Ice Whale's Code of Conduct, for 

instance, is aligned with sustainability, focusing more on limiting impacts and 

disturbances on whales and dictating how whale watching should be practiced (Ice 

Whale, 2021). Through Ice Whale’s Code of Conduct, whale watching becomes not only 

an adventure, but also an opportunity to educate tourists about whale conservation and 

good whale watching practices, such as keeping a safe and responsible distance. 

The article by Nicosia and Francesco (2016) examines whale watching behavior in 

relation to the Icelandic Code of Conduct, finding that while operators are practicing 

responsible whale watching, there is still space for improvement. While the code of 

conduct serves as a guideline for proper whale watching operations, it is still necessary 

to monitor proper conduct for sustainable ecotourism. Understanding how some whale 

watching expeditions are conducted raises questions about whether the operators are 

adhering to the Code of Conduct's restrictions (Blankenstein, 2021). Kur & Hvenegaard 

(2012) question whether whale watching can be considered a sustainable ecotourism 

activity since the growing number of whale watchers puts stress on the whales. The 

article discusses how marketing strategies have been utilized to promote whale watching, 

as well as how whale watching possibilities and conservation issues have been raised to 

some extent. In Iceland, research was undertaken on tourist willingness-to-pay for eco-

labeled maritime boats in order to better understand tourist participations of whale 

watching activities via Blue Flag certification (Lissner & Mayer, 2020) or other eco-labeled 

certifications. The article further explores how management has engaged ecotourist 

whale watching through marketing schemes and collaboration with conservation groups, 

such as Orca Guardian and Vakinn certifications. Furthermore, the popularity of whale 

watching has been reinforced by TripAdvisor ratings and awards for outstanding 

performances. All of these highlights the potential value of making a monetary 

contribution to secure environmental protection, with ecolabels and certificates of 

excellence promoting signs of more environmentally conscious management, which has 
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resulted in a stronger willingness to pay (Lissner & Mayer, 2020). Lissner & Mayer (2020) 

results show that 60% of the whale watchers are more likely to choose ecolabelled tours, 

with 65.9% willing to pay 20% more for an ecolabelled tour. 

Yet, the efficiency of the code of conduct is still contested (Blankenstein, 2021). 

Ecolabeling does not have to mention whale watching impacts, but rather the operation's 

health, safety, and service standards, which are all part of marketing initiatives to 

promote ecotourism (Russillo et al, 2007). Overall, this explains how ecotourism is 

attempting to mitigate the negative effects of whale watching on the environment but 

has not yet gone as far as to investigate these effects. As a result, under increasing 

pressure to delight tourists, operators sometimes overlook or ignore the larger 

sustainability implications, which include the economic well-being effects of fuel 

consumption. These are the environmental externalities to be further discussed in the 

upcoming section. 

2.3 Externalities and externalities in tourism 

Externalities are a central concept of environmental economics, which relate to nearly all 

human activities (Harris & Roach, 2018. Externalities are described as effects on people's 

well-being that occur outside a market transaction, beyond the people that are directly 

involved in the transaction (Harris & Roach, 2017; Helbling, 2020). In other words, 

externalities are third-party spillover impacts. There are both positive and negative 

externalities: positive externalities are advantages to a third party, whereas negative 

externalities are costs to a third party (Harris & Roach, 2017). 

Globalization has undoubtedly boosted economic opportunities for local development 

(Fletcher & Westlake, 2006), particularly in areas where tourist travel has grown, 

resulting in improved economic opportunities for local development. This resulted in 

enhanced infrastructure, services, and facilities for locals which attracted more tourists 

and increased economic benefits. Taking an example from Japan, the rise of tourism 

within Japan has led the municipalities to improve city cleaning services to make the city 

more welcoming for the tourists, which has also resulted in locals not being bothered by 

the public waste (Chapman, 2009; Kurihara & Okamoto, 2010). Increased infrastructural 

development has shown higher standards of living and the provision of enough housing 

for residents (Jovanović & Ilić, 2016). Adeola & Evans (2019) research has shown the 
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positive correlation of infrastructure development and tourism, both of which could be 

beneficial for the local development, meaning more housing avaiablility and road 

systems. Protected areas have been proposed to create tourism-safe grounds while 

preserving historical connections within the environment (Cetin, 2015). These examples 

of positive externalities, such as the social benefits of tourism, can be perpetuated 

through incentives and development plans that focus on improvement (Biondo, 2012). 

While tourism has a positive impact on the local economy, it also has negative 

consequences that are sometimes disregarded. Locals are unable to cope with the 

massive influx of tourists due to insufficient infrastructure (Schubert, 2010). With 

sustainability as the primary guide for tourism practices, policymakers are frequently torn 

between having to meet the demand for tourism to be positioned in the most efficient 

patterns and having to meet the demand for tourism to be sustainable (Figini et al, 2007). 

This frequently results in tourism that is unmanaged or mismanaged, with the provision 

of sufficient infrastructure to meet demand taking precedence over resolving the sector's 

negative externalities. Housing availability for locals is an example of externalities that 

are often disregarded, as tourism seasonality places enormous pressure on housing 

availability, influencing real estate difficulties in touristic areas (Mikulić et al, 2021). This 

results in uneven distribution of local population, economic status, and geographic 

location (Lee et al, 2008). Furthermore, as the number of tourists grows, so does 

pollution: of waste (Kaseva & Moirana, 2009), noise (Zaeimdar & Bahmanpour, 2014), 

emissions (Zhang et al, 2020), and traffic (Mikhailenko et al, 2020). The social costs of 

such negative externalities, as mentioned above, are then borne by the inhabitants. 

Furthermore, despite the fact that global tourism continues to be a major contributor 

to climate change due to its reliance on fossil fuels, research on negative externalities 

from fuel consumption within the tourism sector is still limited (Sharif et al, 2019). The 

trillion-dollar tourism industry has become a significant source of greenhouse gas 

emissions, accounting for nearly 12.5% of total global greenhouse gas emissions (Scott et 

al, 2010; Lenzen et al, 2018), with 72% attributed to transportation alone (UNWTO, 2019). 

Health and respiratory effects of tourism-related air pollution are in addition to climate 

related impacts. The link between tourism and climate change for smaller segments of 

the tourism industry, such as whale watching, has not been much studied in terms of 
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their contribution to climate change (Becken, 2004; Sharp et al, 2016), with only a few 

available research (Cornejo-Ortega et al, 2013), and is a specific research gap in Iceland. 

According to Peeter (2007), further correlation studies on tourist, transportation, 

greenhouse gas emissions, and local air pollution are needed. Bakhat & Rosselló (2011) 

stated that the tourism industry is to grow in fuel consumption, especially on fossil fuels 

for transportation. The increased tourism will lead to increase in fuel demand, which will 

definitely need to reduce emissions in areas frequented by many tourists (Bakhat & 

Rosselló, 2011). 

Regardless of the scarcity of research on tourism and externalities, more research has 

gradually been conducted to understand the externalities of tourist transportation. For 

example, Unger et al. (2016) presented a model for calculating energy consumption per 

capita through four different modes of transportation, which can be applied for the 

tourism sector. Sharif et al. (2019) has shown that tourism can increase energy utilization, 

driving upwards greenhouse gas emissions when reliant on fossil fuels. Hence, Sharif et 

al. (2019) concluded that renewable energy can facilitate reducing greenhouse gas 

emissions, specifically carbon dioxide in the short-medium run, which would enhance 

tourist income and promote sustainable tourism. Though Peeter (2007) does not go into 

great detail about externalities, it does highlight the significance of compensating for the 

growth of tourist and transportation externalities. The paper further discussed that, since 

tourism may have immense impact on global greenhouse gas emissions, mitigation 

efforts in tourism-heavy areas can nevertheless be beneficial for the economy. To 

conclude, Lumsdon and Peeters (2009) called for reforms in transportation and fossil fuel 

dependency to reduce greenhouse gas emissions and fuel-related externalities from 

tourism, demonstrating the connection between the two fields. Likewise, Sharif et al. 

(2019) ends the research that ‘policy makers should make contingency plans for 

generating renewable energy to deal with the threat of global warming in the next two-

to-three years and to promote tourism with an emphasis on sustainability.’ 

2.4 Externalities of whale watching  

Ecotourism has offered as a more sustainable way of performing tourism activities that 

takes into account both natural and anthropogenic consequences and connects the ideas 

and pillars of sustainability (Dresner, 2008). It should bring both nature and tourism 
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together in a sustainable way to conduct traditional forms of tourism (UNEP & WTO, 

2005). Ecotourism whale watching is defined as actively contributing with resource 

conservation, giving accurate and extensive educational information on the species and 

their habitat, reducing environmental damage, obeying to legislation and guidelines, and 

delivering community benefits (Kur & Hvenegaard, 2012; Parsons et al, 2006). Cook et al. 

(2020), Roman et al. (2014) and Malinauskaite et al. (2020), to name a few studies, 

highlight a number of ecosystem services that whales provide. Education provided by 

whale watching tour guides is an example of cultural ecosystem services with positive 

externalities that could lead to societal benefits from cetacean awareness. Whale 

watching tourism brings in money for the region by attracting people and creating direct 

and indirect revenue, which helps to increase local employment and general 

development. Finally, whales are also known to have carbon sequestration capacities 

from whale falls, which actually contributes to climate change mitigation for society as a 

whole (Roman et al, 2014; Chami et al, 2019). 

Despite the existence of such positive externalities, ecotourism operators sometimes 

overlook the issue when integrating the sustainability of whale watching with ecotourism 

(Hoyt, 2005; Wearing et al, 2014). For example, whale watching was established as a kind 

of local tourism economy in the Azores, Portugal (Silva, 2015), but it evolved into a 

competitive activity, putting immense strain on the local economy. While increased 

tourism brought positive externalities by allowing locals to improve their living standards, 

an approach to maintain a 'sustainable tourism' level is necessary to preserve the natural 

environment for long-term economic advantages. Other locations, such as Laguna San 

Ignacio, Mexico (Rossing, 2006) and the Ogasawara Islands, Japan (Song & Kuwahara, 

2016), to name a few, present consistent stories of positive externalities with having to 

endure the pressure of accommodating the increasing number of tourists to local areas, 

similar to this study in the Azores, Portugal. Hence, regulations had been created as a 

type of code of conduct for whale watching to have minimal impact on the cetaceans in 

light of the competitive tourism industry (Blankenstein, 2021). 

Whale watching generate negative externalities in the form of spillovers and external 

costs to society that whale watching operators are not obliged to account for (Harris & 

Roach, 2018). Whether whale watching is considered ecotourism or not, the industry 
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does produce greenhouse gases and air pollutants as a result of fossil fuel usage (Higham 

et al, 2015), with the greatest impact leading to global climate change (Gissi et al, 2021) 

and air pollution (Zhang et al, 2020). With the growing popularity of whale watching, 

there needs to be a better understanding of negative externalities of fuel consumption in 

the whale watching industry context. However, the whale watching industry has yet to 

evaluate external costs to calculate the true social cost of whale watching. One of the 

forms of accounting for the external climate change-related costs of fossil fuel use is 

through the payment of carbon taxes, but it has been debated that such forms of carbon 

pricing are often too low to represent the true social cost of fossil fuel consumption (Nong 

et al, 2021). On the other hand, while the consumers get to benefit from the tourism 

experience of whale watching, the third party non-consumers would have to bear the 

external costs of health complications from air pollution of fuel consumption and costs 

of climate change. 

Potential health effects from particulate matter emissions from fossil fuel burning, for 

example, have yet to be investigated deeply in relation to tourism in Iceland. 

Theoretically, this scenario results in a sort of market failure, the issue that the external 

costs of fuel externalities generated by fossil fuel consumption not being accounted for 

by the market. If external costs are taken into account for, the social cost of whale 

watching and running a whale watching operator will be higher. This suggests and means 

that the external costs should cause the social costs to exceed the private cost. With 

further research on the externalities of whale watching tourism, it would become critical 

to prevent such market failures (Harris & Roach, 2018). Thus, externalities, both positive 

and negative, have yet to be factored into the management of ecotourism whale 

watching. With the primary purpose of providing the "greatest" experience to tourists, 

operators frequently overlook other anthropogenic consequences and externalities. 

2.5 Valuation of fossil fuel externalities 

The consequences of fossil fuel consumption can be seen in the form of climate change, 

which has an impact on the global ecology (Gissi et al, 2021). Studies have illustrated the 

air pollutants produced by fossil fuel energy production and the high release of CO2, 

adding onto health and environmental impacts (Zvingilaite, 2011). Air pollution from 

fossil fuel plants has a greater impact on human health, primarily increasing damages to 
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respiratory systems and additional related impacts from pollution exposure in populated 

regions and cities of respective countries, example case studies from Iran, Syria, and 

Thailand (Jorli et al, 2017; Sakulniyomporn et al, 2011; Hainoun et al, 2010). Furthermore, 

changes in weather patterns, which influence food webs (Pontavice et al, 2019), ocean 

acidification (Doney et al, 2020), and changes in migratory species patterns have already 

been observed as a result of these amplified changes (Gissi et al, 2021). Furthermore, 

when human activities concentrate in touristic areas, local air pollution builds, causing 

health risks and respiratory-related effects inside these areas (Contini & Merico, 2021; 

Barregard et al, 2019). While the global effects of greenhouse gas emissions have been 

studied, air pollution in local areas is typically neglected as a side effect of whale 

watching.  

However, with the growing popularity of whale watching, the emissions are expected 

to increase in the future (Cisneros-Montemayor et al, 2010). According to research done 

by the International Maritime Organization (IMO), global maritime transport emitted 

between 739 million to 795 million tons of carbon dioxide (CO2) (Smith et al, 2015). Since 

the study was done in 2015, CO2 emissions have increased to over 940 million tons per 

year, accounting for nearly 2.5% of global greenhouse gas emissions (European 

Commission, n.d.). Smith et al. (2015) calculated global CO2 emissions and concluded that 

there had been a decrease from the international shipping sector (Smith et al, 2015). 

Because it only talks about the shipping sector, the final value of emissions in such reports 

becomes generalization for maritime vessel transportation. As a result, there has been 

no assessment of how much greenhouse gas has been emitted by the whale watching 

sector due to a lack of data on fossil fuel consumption by the industry. 

The Icelandic whale watching industry is still heavily reliant on fossil fuels, where the 

majority of the whale watching fleet runs on diesel, some on petrol and a few boats on 

electricity. According to Einarsson (2009), it had been affordable to repurpose old fishing 

boats from small-scale fisheries who distanced from fisheries due to the Icelandic fishing 

quota system implemented in 1984, with the effects more of quote noticeable in the 

period after 1990 when the current uniform system of individual transferable quotas was 

applied (Runolfsson & Arnason, 1996). Several of the current whale watching boats had 

been transformed to passenger vessels, which were once a fishing boat or even a whaling 
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vessel. Electric forms of land transportation have long been progressed globally, primarily 

for electric cars, but this is still a fairly new trend in Iceland, with further limited 

advancement for marine vessels, making it less common to have electric vessels. There 

are only 4 known electric schooners in Húsavík and none currently elsewhere in Iceland. 

Sovacool et al. (2021) analysis presents the estimated external costs of different fuel 

sources, where geothermal and hydropower generating very low external social costs, 

while oil has the third highest external social costs after coal and waste. Figure 9 of 

Sovacool et al. (2021) shows the mark-up on levelized costs of energy due to negative 

externalities, taking Lazard mean estimates and adds onto the externality’s findings for 

the externalities from different fuel type. It shows that wind is lowest at 7.1 USD cents 

per kWh, gas at 9 USD cents and geothermal at 9.1 USD cents. The highest are coal at 

25.4 USD cents per kWh and nuclear at 21.1 USD cents. This analysis shows that wind, 

gas and geothermal ‘would be the most socially cost effective sources of electricity’ and 

that ‘coal and nuclear would be more expensive’ (Sovacool et al, 2021). 

Massive fossil fuel consumption has shown to have exacerbated the effects of global 

climate change, calling for renewable energy source shift to reduce greenhouse gas 

emissions (Tveitdal, 2018; Łapko, 2016). Helgason et al. (2020) examined the assessment 

of fuel externalities in a comparative analysis that also looked at externalities from 

renewable methanol and natural gas, comparing to these to heavy fuel oil. The study 

found that if the externalities are monetized and added to fuel prices, both renewable 

methanol and natural gas have lower total cost than heavy fuel oil, with natural gas 

having the lowest total cost. Furthermore, the results indicate that natural gas is already 

cost competitive only if externalities are accounted for. This is critical when assessing and 

designing pollution policies to reduce fuel externalities, as external cost estimation can 

lead to a better understanding of social costs. Hence, this is important to drive policy 

makers to reduce maritime emissions and providing incentives to reduce emissions. 

Nonetheless, the maritime industry continues to be challenged by the drive to 

transition to cleaner forms of energy in order to reduce environmental externalities, with 

the most recent examples being the Glasgow Climate Pact on accelerating greenhouse 

gas emission reductions by 2030 (UNFCCC, 2021a) and the International Maritime 

Organization’s (IMO) mandate on greenhouse gas emissions in the 2021 United Nations 
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Climate Change Conference (COP26) (IMO, 2019a), to name a few. The COP26 2021 

climate summit continues to push the maritime industry to become green by using zero-

emission fuels (Webb, 2021), with the IMO aiming to reduce total emissions from all ships 

by 40% by 2030 compared to the 2008 baseline (Seas at Risk, 2021; IMO, 2021a).  

Both Contini and Merico (2021) and Barregard et al. (2019) concluded the existence of 

pollutants and externalities from fuel usage, agreeing on the predicted future air 

pollution-related health dangers and the increasing detrimental costs of each pollutant. 

Sovacool et al. (2021) presents the low external costs of electricity production, where the 

average of external cost for geothermal is 0.093 USD cents per kWh, for hydroelectricity 

is 1.756 USD cents per kWh, and for diesel fuel is 7.639 USD cents per kWh. Since the 

society often bears the burden for the external costs, Sovacool et al. (2021) argues that 

energy and transport policy can align to sustainability measures, convincing the 

policymakers to understand the need to lower the external cost burden on the society. 

Such progressive policy would be ‘an attempt to promote fairness by correcting a massive 

market failure’ (Sovacool et al, 2021) and consider whether to have policies that 

manipulate externalities to their advantage, or to fully internalize them and have 

producers and consumers accountable. If the industry continues to be dependent on 

fossil fuel, its’ externalities would therefore most likely be passed on to customers in the 

form of higher whale watching ticket prices, or maybe result in fuel switching if the 

electricity of whale watching tickets is price elastic. As a result, with renewable electricity 

a preferable means of energy source in order to reduce greenhouse gas emissions 

(Tveitdal, 2018; Łapko, 2016), Iceland's electricity generation is basically preferable, as to 

be stated in the next section. 

2.6 Electricity in Iceland 

Iceland’s electricity production comprises of hydro, geothermal, fuel and wind sources, 

and in 2020, hydroelectricity comprised of 68.78% of total electricity production, 

geothermal of 31.16%, wind of 0.04% and fossil fuels of 0.02% (Orkustofnun, 2020). 

Iceland relied significantly on imported oil for multiple purposes, but the oil crisis in 1973 

and 1979 pushed Iceland to be less dependent on oil, and turn towards domestic energy 

sources (Orkustofnun, 2010). Oil imports cost Iceland almost 66,000 million ISK in 2008, 

accounting for nearly 11% of total government spending, and imported almost 10 billion 
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ISK worth of oil in 2019 (World Integrated Trade Solution, 2019). Hence, the rise of 

geothermal energy for heat escalated as the global price of oil surged by 70%. Only 7% of 

oil was used for space heating in 1982, with nearly 93% coming from geothermal heat 

and electricity heating systems, though significantly minor from electric sources 

(Orkustofnun, 2010). Because Iceland has been blessed with many volcanoes and hot 

springs due to its location on two tectonic plates, and long and powerful glacial rivers that 

facilitate hydropower generation, Iceland could shift from fossil fuel to renewable energy 

avoiding the need to import additional fossil fuels to generate electricity.  

Figure 6 portrays different location that Iceland currently has for geothermal energy 

generation for electricity, presented in mega-watts (MW). These geothermal plants 

provide energy for heating, electricity generation, and other uses, such as swimming 

pools, aquaculture farms, and greenhouses.  

 

Figure 6 Geothermal energy generation for electricity. Source: Orkustofnun, 2020. 

Another major source of Iceland’s electricity production is from hydroelectricity. 

Figure 7 portrays the hydropower plants across Iceland, with the most production sites 

specified at the green dots. These hydroelectric power stations are generated mostly by 

glacial rivers, which has been predicted an increase in production capacity with future 

climate changes (Sveinsson et al, 2010).  
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Figure 7 Hydropower energy generation for electricity. Source: Orkustofnun, 2020. 

Alight to the current climate change issues, low greenhouse gas emissions from 

hydropower electricity generation creates better environmental performances, making 

hydropower a sustainable renewable energy source. Spittler et al. (2020) has presented 

the relevance of renewable resource dynamics for sustainable energy system 

development, with the results showing that it is important to account for renewable 

resource dynamics when evaluating future pathways. The existence of geothermal and 

hydroelectric energy sources is an advantage in Iceland's sustainable energy 

development, which allows the country to achieve a clean energy generating state by 

minimizing greenhouse gas emitting sources (Shortall & Davíðsdóttir, 2017). Financial 

incentives and tax initiatives on the use of greener transportation to reduce greenhouse 

gas emissions have also been a method to increase green technology and vehicles (Shafiei 

et al, 2018). While increasing developments to meet sustainable development goals may 

pose challenges in terms of meeting power demand, the goals set to minimize 

greenhouse gas emissions are consistent with international climate change accords and 

global sustainable development goals.  

2.7 Applicable regulatory frameworks and policy agenda 

With the United Nations Environment Programme (UNEP) and the World Tourism 

Organization (WTO) defining a global aim of sustainable development in tourism, 

research has confirmed the positive effects of wildlife tourism on both tourists and the 

environment (Cisneros-Montemayor et al, 2010). Though environmental externalities 
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from whale watching were not discussed in this study, the purpose of sustainable 

development is ‘a development to meet the needs of the present without compromising 

the ability of future generations to meet their own needs’ (UNESCO, n.d.). When 

comparing the quantity of greenhouse gas emitted from fossil fuel, this would suggest 

that the global maritime sector would have to find a solution to decarbonize marine fuel 

usage (Smith et al, 2015). As a result, worldwide and domestic agreements are being 

formed to combat climate change and reduce greenhouse gas emission rates, with the 

following global targets and emission goals in mind. 

According to the United Nations (UN), the United Nations Sustainable Development 

Goals (UNSDGs) are a ‘call for action by all countries to promote prosperity while 

protecting the planet’ (UN, 2021b). The UNSDG 13 specifically calls for to ‘take urgent 

action to combat climate change and its impacts,’ as 2019 was the second warmest year 

on record, with the greatest amounts of CO2 and other greenhouse gases (UN, 2021a). 

The aims encourage countries to be more conscious of climate change, but they also 

discuss building human resource capacity on climate change awareness in a broader 

sense. The Paris Agreement of 2015 and the Intergovernmental Panel on Climate Change 

(IPCC), which had endorsed UNSDG 13 under the United Nations Framework Convention 

on Climate Change, come into play here (UNFCCC). 

The Paris Agreement of 2015 is a ‘legally binding international treaty on climate 

change’ with the goal to ‘limit global warming to below 2, preferably to 1.5 degrees 

Celsius, compared to pre-industrial levels’ (UNFCCC, 2021b). Iceland is part of the 

European Union-wide effort to reduce greenhouse gas emissions by 40% by 2030 

compared to 1990 levels. The Effort Sharing Agreement (ESA) is a climate change-related 

part of the EU effort to fulfill the pledge of the EU under the Paris Agreement, with Iceland 

currently required to reach a reduction of 29% between 2021 and 2030, compared to 

2005 levels (Ministry for the Environment and Natural Resources, 2021). Iceland's 

targeted national determined contribution is to participate in the EU’s goal of having ‘at 

least 55% net greenhouse gas emissions reduction by 2030 compared to 1990’ (Ministry 

for the Environment and Natural Resources, 2021). In addition, Iceland's Climate Action 

Plan will ‘lead to a decrease of emissions by 2030 by more than one million tons of CO2 

equivalents compared to 2005’ (Ministry for the Environment and Natural Resources, 
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2021, pg. 28). This should achieve the Climate Action Plan's goal of a 29% decrease in ESA 

emissions from 2005 levels. 

Furthermore, the IPCC includes a component that reviews climate change science, 

with 3 working groups and task forces tackling various climate change topics (IPCC, 

2021b). Its major task is to write climate change reports, which are then presented to 

government officials for advice on how to combat the problem. Similarly to the 

International Maritime Organization (IMO) report on the greenhouse gas study from 

2014 (Smith et al, 2015), mitigation strategies have not specifically taken into account 

whale watching tourism, which has been overlooked due to a greater interest in biological 

studies of cetaceans, and primarily because the whale watching industry has a much 

lower share of emissions than that of from the shipping industry (Smith et al, 2015).  

The International Maritime Organization (IMO) is ‘the UN specialized agency with 

responsibility for the safety and security of shipping and the prevention of marine and 

atmospheric pollution by ships’ (IMO, 2021a). Annex VI of the International Convention 

for the Prevention of Pollution from Ships (MARPOL) ‘sets limits on sulfur oxide and 

nitrogen oxide emissions from ship exhausts and prohibits deliberate emissions of ozone 

depleting substances’ according to the convention (IMO, 2021b). This is shown in the 

Third International Maritime Organization Greenhouse Gas Study 2014, which presented 

a multi-year record of emissions as well as future forecasts for greenhouse gases and 

emissions from ships (Smith et al, 2015). In 2018, the IMO adopted the Initial Strategy for 

reducing greenhouse gas emissions from shipping, which calls for ‘a reduction in carbon 

intensity of international shipping (to reduce CO2 emissions per transport work, as an 

average across international shipping, by at least 40% by 2030, pursuing efforts towards 

70% by 2050, compared to 2008); and that total annual GHG emissions from international 

shipping should be reduced by at least 50% by 2050 compared to 2008’ (IMO, 2019). 

Despite the fact that the Initial Strategy will be amended in 2023, essential short-term 

measures aimed at reducing carbon intensity align with the strategy's goals. As a result 

of the development of multiple international organizations and agreements focusing on 

greenhouse gas emissions, the IMO brings the findings of various UNFCCC studies 

together to communicate information on greenhouse gas emissions by the maritime 

sector. Figure 8 depicts a decade of efforts to reduce greenhouse gas emissions from 
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shipping in order to combat climate change. The mitigation strategies have been mapped 

out until 2050, which is when the Paris Agreement's temperature goals are expected to 

be met. 

 

Figure 8 Projected strategy to address climate change and cut greenhouse gas 
emissions from shipping. Source: IMO, 2021a. 

The Environmental Agency of Iceland (EAI) is in charge of measuring and reporting 

Iceland's greenhouse gas emissions on an annual basis, with the most recent report dated 

2021 (Keller et al, 2021). The Climate Change Action Plan, which was revised in 2020, aims 

to meet the Paris Agreement's emission reduction targets and achieve carbon neutrality 

for Iceland by 2040, with one of the plans being to increase carbon sequestration in 

vegetation and soil use while reducing emissions from land use (Ministry for the 

Environment and Natural Resources, 2020). By 2040, Iceland is to have net zero 

emissions, and by 2050, Iceland aims to phase out fossil fuels and replace them with 

renewable domestic energy instead of imported energy sources (Verkefnisstjórn 

aðgerðaáætlunar í loftslagsmálum, 2018). This also aligns with the new Energy Policy on 

energy transition, the latest one from 2020, which calls for Iceland to be ‘a land of clean 

and secure energy’ (Ministry of Industries and Innovation, 2020). Based on the 5 pillars 

for sustainable energy future (energy security; energy transition; energy efficiency and 

economization; society/economy; environment), the Energy Policy aims to have fossil 

fuel completely replaced by renewable energy sources. Hence, the future of energy 

consumption in Iceland is to shift towards renewable sources to battle against climate 

crisis and maximize social benefits for the nation, targeting both UNSDG 7 on sustainable 
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energy and UNSDG 13 on climate action (Ministry of Industries and Innovation, 2020). 

These appear to be progressive in terms of meeting international climate change and 

action regulations, which calls for decrease in emissions from the maritime sector 

(Ministry for the Environment and Natural Resources, 2020).  

One of the policy instruments used to fulfill international and national obligations is 

the carbon tax on fossil fuel consumption. Defined as ‘a tax on carbon emissions 

generated by the combustion of fossil fuels’ (Poterba, 1991, pg. 3), it is a specific tax based 

on the amount per ton of fossil fuel consumed. Different countries have their own agenda 

on how to tax fossil fuel consumption, where the following example European countries 

in Table 1 (Asen, 2021), has their carbon prices and the share of greenhouse gases to be 

covered. Sweden has the highest tax rate of 116.33 EUR (€) per ton of CO2, followed by 

Switzerland, Liechtenstein, and Finland. The tax shows to be as low as €0.07 per ton of 

CO2 in Poland. Another important issue in the table concerns the percentage share of 

greenhouse gas that the tax covers. Sweden has the highest, but it only addresses 40% of 

the emissions. One could argue that Norway’s tax rate is the best even though it is not 

the highest because it has the highest share of coverage and has been in place since 1991. 

The global average atmospheric carbon dioxide concentration in 1990 was recorded 

to be 354 parts per million (ppm) in 1990, 405 ppm in 2017 and 412.5 ppm in 2020 (NOAA, 

2018; Lindsey, 2020). Hence, with the increasing concentration of greenhouse gases in 

the atmosphere, a carbon tax creates an economic incentive to both decrease 

greenhouse gas emissions and combat climate change (Metcalf et al, 2019; Nakata & 

Lamont, 2001).  
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Table 1 Carbon tax rates in Europe, as of April 1, 2021, with USD 1 = EUR 0.95. 

Carbon Tax Rates, Share of Covered Greenhouse Gas Emissions, and Year of 
Implementation in European Countries (as of April 1, 2021) 
 

Carbon Tax Rate 
(per ton of CO2e) 

Share of Jurisdiction’s 
Greenhouse Gas 
Emissions Covered 

Year of 
Implementation 

Denmark €23.78 $28.00 35% 1992 

Estonia €2.00 $2.36 6% 2000 

Finland €62.00 $73.02 36% 1990 

France €45.00 $53.00 35% 2014 

Iceland €29.72 $35.00 55% 2010 

Ireland €33.50 $39.45 49% 2010 

Latvia €12.00 $14.13 3% 2004 

Liechtenstein €85.76 $101.00 26% 2008 

Luxembourg €20.00 $23.55 65% 2021 

Netherlands €30.00 $35.33 12% 2021 

Norway €58.59 $69.00 66% 1991 

Poland €0.07 $0.08 4% 1990 

Portugal €24.00 $28.26 29% 2015 

Slovenia €17.30 $20.37 50% 1996 

Spain €15.00 $17.67 3% 2014 

Sweden €116.33 $137.00 40% 1991 

Switzerland €85.76 $101.00 33% 2008 

Ukraine €0.25 $0.30 71% 2011 

United Kingdom €21.23 $25.00 23% 2013 

For the Iceland specific scenario, the carbon tax started in 2010 at around €7 ($7.4) 

per ton, rising to €13 ($13.7) per ton in 2012 and €15 ($15.8) per ton in 2015 (OECD, 

2021). The latest carbon tax stands at around €30 ($31.6) per ton in 2021. These gradual 

increases are to ensure that Iceland meets its greenhouse gas-related action plans. With 

the baseline to reduce carbon emissions by 29% between 2021 and 2030 compared to 

2005 levels, it has been recommended that ‘a rise of the carbon tax would be needed to 

reach the [Icelandic] government’s target’ (OECD, 2021). The 55% that has been listed for 

Iceland represents the share of greenhouse gas emission covered by the carbon tax This 

means that to meet the targets, the carbon price would have to increase between €230 

to €420 per ton, which would be to increase the fuel prices by almost €2.6 per liter 

($2.47), just to meet the climate targets (OECD, 2021).  
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3 Materials and Methods 

3.1 Research Methodology 

The purpose of this study is to determine the economic cost of fuel used by the whale 

watching industry, comparing the external costs of fossil fuel and renewable electricity 

use. Presented in USD $ per kilowatts hour ($/kWh), marginal social cost (MSC ($/kWh)) is 

the sum of marginal private costs (MPC ($/kWh)) and marginal external costs (MEC ($/kWh)), 

Equation 1. In this study, the marginal external costs (MEC ($/kWh)) of whale watching will 

be calculated from the quantitative data computation of external costs derived from fuel 

consumption. 

 𝑀𝑆𝐶($/𝑘𝑊ℎ)  = 𝑀𝑃𝐶($/𝑘𝑊ℎ) + 𝑀𝐸𝐶($/𝑘𝑊ℎ)  (1) 

External costs are frequently overlooked when estimating total social costs, which in 

this case would include diesel fuel and electricity externalities from whale watching 

vessels. As aforementioned, one of the ways to internalize external costs is through a 

carbon tax, which the operators of diesel vessels already pay through fuel purchases, 

which is then likely reflected in the ticket prices as the fuel prices increase. In Section 2.5, 

fossil fuel has been evaluated, which literature has shown has high greenhouse gas 

emissions relative to Iceland’s electricity generation. The economic values of external 

costs will consider the health damage costs and external costs of greenhouse gas 

emissions and air pollution from fuel and electricity consumption. Table 2 shows a list of 

the potential negative wellbeing impacts from fuel consumption, with the global warming 

potential and health damages being the primary emphasis of this study.  
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Table 2 Focal aspects of human wellbeing impacted from fuel consumption. 

Impacts Leading effects Source 

Environmental 
effects  

Accumulation of particles in air 

Smog (air pollution) 

IMO, 2021b 

Zhang et al, 2020 

Fang et al, 2013 

Health impacts 
derived from 
environmental 
effects 

Cardiopulmonary conditions 

Mortality related to respiratory 
conditions 

Restricted activities 

Respiratory-related issues 

Jacobson et al, 2019 

Contini & Merico, 2021 

Barregard et al, 2019 

Bai et al, 2018 

Global warming 
potential 

Increase in global temperature 
(climate change) 

 

Gissi et al, 2021 

IPCC, 2021a 

Fang et al, 2013 

Beheshti et al, 2018 

3.2 Case study companies 

The whale watching operators picked for this project are the most frequent service 

providers in Reykjavík and Húsavík, out of a selection of roughly ten different whale 

watching operators. These operators willingly contributed the information and data that 

this project required in order to be successful. Table 3 portrays the steps for selection of 

the operators.  
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Table 3 Criteria for selection of operators. 

Criteria Significance 

Google search Keywords: “Whale watching Reykjavík” and “Whale watching 

Húsavík”.  

The operator search has to show up at least at the top 5 searches. 

Number of 

feedbacks 

The operators have at least 650 feedbacks and reviews given on 

google maps. The ones that have less than 100 reviews shows that 

there had not been that many people attracted to those operators. 

Awards The operator must hold consecutive years of Trip Advisor awards, 

which reflects the popularity amongst the tourists. 

Number of trips 

per day 

The operator offers multiple trips a day, ranging from 2 to 3.5 hours 

per trip.  

Offers different 

experiences 

The operator offers classic and express whale watching tours. 

Classic tours are normal way of experience from a larger boat, which 

are often up to 3 hours with over 100 people at a time. Express tours 

are on smaller boats, often RIB boats, with fewer passengers, with 

often up to 2 hours. 

As a result of these criteria, 4 whale watching operators meet these criteria: Special 

Tours, Elding, North Sailing, and Gentle Giants. However, for this study, only Special Tours 

of Reykjavík, and North Sailing and Gentle Giants of Húsavík are to be studied1. These 

companies have proven themselves to be well-known whale watching tour operators in 

Iceland. The fleet of the three operators consists of 17 vessels, 13 of which use fossil fuel 

engines (diesel ships and RIB boats) and 4 of which use electric engines (electric 

schooners) in the north. The majority of the vessel's information was available on the 

operator's websites, with any additional or missing information being requested and 

confirmed via email exchanges. In addition, information on a general timetable for 2019 

was requested by email, as prior versions of the schedule are no longer available to the 

 
1 Though Elding had been contacted multiple times requesting the necessary data for this study, they 
seemed to be not too eager to reply to any of the emails sent. The information available on their 
operator website is not complete, which is the same case as other operators. However, while the others 
provided necessary information, Elding did not. 
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public. The number of whale watching trips has been calculated based on the timetable 

and the type of the tour. Additional whale watching operators in Iceland not included for 

this study are Whales of Hauganes, Norðursigling, Whale Safari, Arctic Sea Tours, 

Reykjavík by Boat, Laki Tours, Sölkusiglingar, Keli Sea Tours, Húsavík Adventures, Katla 

Whale Watching and Sea Trips Reykjavík (Hagfræðistofnun, 2019). These operators, 

including Elding, are not included in the study as they do not meet the criteria proposed 

in Table 3. 

3.2.1 Special Tours. 

Special Tours, a competitive whale watching tour operator in both Reykjavík and Dalvík, 

was formed in 1996 as a puffin watching business and has now expanded to include whale 

watching tours. However, because whale watching is not too wellknown in Dalvík, only 

excursions within Faxaflói Bay, Reykjavík, will be considered for this study. Special Tours 

is open all year for various tours and offers a variety of tours based on the seasons, as 

well as private and traditional journeys. Table 4 shows the 3 boats of the fleet, each with 

a distinct size and speed, that can be used for whale watching tours. The older ones have 

been transformed as whale watching vessels, allowing passengers to enjoy whale 

watching in comfort. Because of their small fleet, they use a larger boat for traditional 

whale watching and a smaller boat for express whale watching. Whale watching in the 

midnight sun is available in the summer, and northern light cruises are available in the 

winter. They also offer New Year's Eve fireworks cruises, sea angling, and puffin watching 

cruises (Special Tours, 2022).  

Table 4 Whale watching vessel information for Special Tours. 

Boat Purpose Duration 
(hours) 

Fuel Type Engine Capacity 

Andrea Classic whale 
watching 

3-3.5 hours Diesel 2x Volvo-Penta 
TMD 490kW 

198 

Lilja Express whale 
watching 

2-2.5 hours Diesel 2x MAN 

1029kW / 1400 hp 

189 

Dagmar Express RIB 
whale watching 

2 hours Diesel 2 x Yanmar 

272kW / 370hp 

12 
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3.2.2 North Sailing 

North Sailing, which was founded in 1995 and is based in Húsavík, Iceland's Whale Capital, 

offers a variety of whale watching excursions. Traditional vessels are used for the classic 

whale watching trips, whereas sail boats and electric vessels are used for the various sorts 

of whale watching, as shown in Table 5. All of these tours involve educational teachings 

along the way, with the instructors responsible for explaining the whales' various 

behaviors. North Sailing also offers puffin cruises, Aurora light tours, and tours to Flatey 

Island in addition to whale watching. North Sailing, which has a few sailboats in its fleet, 

offers tours that transport guests further north, near to the Arctic Circle, for either 

midnight sun or Aurora Lights chasing. Some of the boats have been refurbished and 

rebuilt to make them more suitable for whale watching. This has allowed for more 

smooth motion in the water, resulting in the best whale watching experience possible. 

Along with Schooners Opal, Hildur, and Haukur, one of the classic oak boats, Andvari, has 

been turned into a silent electric boat. This adjustment is done in order to travel quietly 

into whale watching activities. North Sailing's fleet for all whale watching tours is shown 

in Table 5 (North Sailing, 2022). 

  



30 

Table 5 Whale watching vessel information for North Sailing. 

Boat Purpose Duration 
(hours) 

Fuel Type Engine Capacity 

Náttfari Original whale 
watching 

~3 hours Diesel Cummins Engine 

269kW / 366hp 

90 

Garðar Original whale 
watching 

~3 hours Diesel Mirlees Blackstone 

373kW / 500hp 

146 

Bjössi 
Sör 

Original whale 
watching 

~3 hours Diesel Mitsubishi Engine 

221kW / 300hp 

56 

Sæborg Original whale 
watching 

~3 hours Diesel Caterpillar 

300kW / 402hp 

70 

Andvari Silent whale 
watching 

~3 hours Electricity Baumüller  

119 kw / 159.58 hp 

75 

Hildur Original whale 
watching on sails 

~3 hours Diesel & 
Electricity 

Scania Engine 

105kW / 141hp 

50 

Haukur Original whale 
watching on sails 

~3 hours Diesel & 
Electricity 

Scania Engine 

155kW / 210hp 

46 

Opal Whales, Sails and 
Science 

~3.5 
hours 

Electricity Electric hybrid drive 

120kW / 161hp 

60 

3.2.3 Gentle Giants 

Gentle Giants is another whale watching company in Húsavík. Gentle Giants primarily 

provides whale watching trips, allowing visitors to get up close to the whales in a safe 

environment. The whale watching trips take visitors around Skjálfandi Bay, with guides 

providing information on the marine ecosystem. Gentle Giants also offers tours for puffin 

watching, sea angling, and trips to Flatey Island for various activities, as well as sea 

kayaking. Gentle Giants, like North Sailing, has two ancient Icelandic wood fishing boats 

that have been refurbished and reconstructed for whale watching. Two larger boats are 

utilized for traditional whale watching, while the RIBs are primarily for express trips, as 

seen in Table 6. Gentle Giants is a small-scale whale watching company with only two oak 

boats, but many RIBs for closer encounters that are also utilized for non-whale watching 

tours (Gentle Giants, 2022). 
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Table 6 Whale watching vessel information for Gentle Giants. 

Boat Purpose Duration 
(hours) 

Fuel Type Engine Capacity 

Sylvía Classic whale 
watching 

~3 hours Diesel 1997 Volvo Penta 

294kW / 395hp 

70 

Faldur Classic whale 
watching 

~3 hours Diesel 2016 Daewoo 
Doosan 

212kW / 285hp 

45 

RIB Amma 
Jóhanna 

Express whale 
watching 

2-2.5 hours Diesel 2 x 313kW / 400hp 12 

RIB Amma 
Helga 

Express whale 
watching 

2-2.5 hours Diesel 2 x 298kW / 420hp 12 

RIB Amma 
Sigga 

Express whale 
watching 

2-2.5 hours Diesel 2 x 298kW / 400hp 12 

RIB Amma 
Kibba 

Express whale 
watching 

2-2.5 hours Diesel 2 x 298kW / 400hp 12 

3.3 Air pollutants and greenhouse gas emissions 

According to the information gathered from the operators' websites, the majority of the 

vessels require diesel fuel, with others requiring petrol (gasoline) or electricity. There is 

one petrol-fueled RIB boat (maximum capacity of 12 passengers) that is utilized for whale 

watching from Gentle Giants, but it will be excluded from this study because the boat is 

rarely used, according to the company schedules. When contacted through email 

confirmation, one of the operators' agents and representative of a fuel distribution 

company stated that the diesel engines use the same diesel as land transportation, 

automotive as oil (AGO) diesel. As a result, two types of fuels are used in this study: diesel 

and electricity. 

Both diesel fuel and electricity consumption emit greenhouse gases and pollutants 

into the atmosphere, though at different levels. Carbon dioxide (CO2), Methane (CH4), 

and Nitrous oxides (N2O) are the greenhouse gases to be calculated. Nitrogen oxide (NOx), 

undifferentiated Particulate Matters (PM undifferentiated), Sulfur dioxide (SO2), Carbon 

monoxide (CO) and Volatile Organic Compounds (VOCs) are the air pollutants included. 

The majority of greenhouse gases and air pollutants are produced by diesel usage at the 

source, with geothermal electricity and hydroelectricity emissions accounting for a very 
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small percentage of total emissions (Gunnarsson et al, 2013). Regardless of the source, 

any fuel usage produces greenhouse gases or pollutant emissions.  

Table 7, which is a more extensive version of Table 2, describes the economic costs of 

increased greenhouse gas emissions as well as the health-related effects of both 

greenhouse gases and other pollutants. Because most pollutants are known to induce 

respiratory problems, the health impacts shown in Table 7 are linked to respiratory issues 

and health costs (Barregard et al, 2019). Table 8 depicts the emission concentrations of 

each fuel2, which are calculated and displayed as ton per kilowatt hour (ton/kWh) using 

data from numerous sources. These are the values to be used for the upcoming 

calculations. Table 10 shows the external costs of each emission product, which will be 

compiled from a variety of sources throughout a 10-year period prior to 2019. This is 

called the benefit transfer method, ‘a procedure for taking the estimates of economic 

benefits gathered from one site and applying them to another’ (Plummer, 2009, pg. 39). 

Though it comes with possible error of poor economic values and site-specific lacking 

data, it is still a practical tool to assess economic values in different locations (Plummer, 

2009).  

Finally, the health damage costs listed in Table 7 are included in the external costs 

chosen in this table. The value of any year in any currency will then be translated to USD$ 

and the online inflation tool will then be used to inflate this to a USD$ 2019 value3. In the 

upcoming sections, 1 USD equals to 128 ISK. 

 
2 Sources include academic papers, government reports, fuel operators, and as such. While the results 
may vary from each source, the selected numeric values of respective sources present general emission 
concentration, disregarding the efficiency and quality of the engines. 
3 inflationtool.com 
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Table 7 Possible examples of economic effects of greenhouse gases and health effects of pollutants on human wellbeing related to fuel 
consumption. 

Economic Damages Effect Sources of effect Source 

Health  

 

Acute respiratory distress CH4 Jo et al, 2013 

VOCs Guo et al, 2004 

CO; PM undifferentiated Attfield et al, 2012 

Asthma PM undifferentiated Glencross et al, 2020 

VOCs Tagiyeva & Sheikh, 2014 

Fang et al, 2019 

Rumchev et al, 2004 

Ramírez et al, 2012 

SO2; PM undifferentiated Anderson et al, 1996 

Asphyxia CH4 Khan, 2018 

SO2, PM undifferentiated, CO; NOx Friedlander, 1965 

Premature death related to 
respiratory issues 

CH4; PM undifferentiated; Anenberg et al, 2012 

PM undifferentiated Xing et al, 2016 

Zysk et al, 2020 

SO2; CO Touloumi et al, 1996 

CO; PM undifferentiated Victoria Transport Policy Institute, 2016 

Attfield et al, 2012 

PM undifferentiated; SO2; NOx; VOCs; CO Bickel & Friedrich, 2005 

PM undifferentiated; SO2; NOx Jorli et al, 2017 

Dettner & Blohm, 2021 

Reduced lung function SO2; PM undifferentiated Victoria Transport Policy Institute, 2016 
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PM undifferentiated; N2O Glencross et al, 2020 

Acute bronchitis PM undifferentiated; N2O, SO2 Bai et al, 2018 

PM undifferentiated Zysk et al, 2020 

PM undifferentiated; SO2; NOx Jorli et al, 2017 

NOx; N2O; PM undifferentiated Kim et al, 2004 

Lung cancer VOCs Guo et al, 2004 

Zheng et al, 2020 

Ramírez et al, 2012 

SO2; PM undifferentiated Anderson et al, 1996 

PM undifferentiated Pope et al, 2002 

CO; PM undifferentiated Attfield et al, 2012 

Environmental Increase in natural disasters Accumulation of greenhouse gases (CO2, 
N2O, CH4) 

Hsiang & Narita, 2012 

Deryugina et al, 2018 

Coronese et al, 2019 

Loss of natural ecosystem Accumulation of greenhouse gases (CO2, 
N2O, CH4) 

Chapin III et al, 2000 

Leite Lima et al, 2020 

Pimentel et al, 1997 

Rising sea level Accumulation of greenhouse gases (CO2, 
N2O, CH4) 

Lincke & Hinkel, 2018 

Desmet et al, 2018 

Hauer et al, 2000 

Bernstein et al, 2019 

Increase in extreme weather 
patterns (drought/rainfall) 

Accumulation of greenhouse gases (CO2, 
N2O, CH4) 

Wakelin et al, 2018 

Byers et al, 2020 

Frame et al, 2020 

Consequences of acid rain NOx; SO2 Boningari & Smirniotis, 2016 



35 

Likens, 2021 

Burns et al, 2016 

Cumulative effect of global 
warming 

Accumulation of greenhouse gases (CO2, 
N2O, CH4); PM undifferentiated 

Ramanathan & Carmichael, 2008 

Air pollution PM undifferentiated; NOx, SO2 Koolen & Rothenberg, 2018 

Ecosystem damage  Accumulation of greenhouse gases (CO2, 
N2O, CH4); Derived from air pollution 

Friedrich & Voß, 1993 
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Table 8 Concentration of the emission product from diesel fuel (emissions from the exhaust) 

Product Emission product Concentration Concentration 
neutralized (ton/kWh)4 

Source 

Greenhouse gas Carbon dioxide (CO2) 2.68kg/liter 

10.21kg/gallon 

0.000251- 

0.000268 

US EPA, 2014 

US EPA, 2018 

Methane (CH4) 0.06g/gallon- 

0.8g/gallon 

0.000000001474- 

0.000000019650 

Nitrous oxide (N2O) 0.26g/gallon- 

0.45g/gallon 

0.00000000639- 

0.00000001120 

Air pollutants Nitrogen oxide (NOx) 800-1000ppm5 0.00000007442- 

0.00000009302 

The International Council 
on Combustion Engines, 
2012 

Undifferentiated Particulate 
Matters (PM undifferentiated) 

0.18-0.48g/kWh 0.00000018- 

0.00000048 

Winnes & Fridell, 2009 

Sulfur dioxide (SO2) 10-150ppm 0.00000000093- 

0.00000000140 

NETT Technologies, 2020 

Carbon monoxide (CO) 0.3637-
0.5655g/kWh 

0.0000003637- 

0.0000005655 

The International Council 
on Combustion Engines, 
2012 

Volatile Organic Compounds 
(VOCs) 

49.6-93.6 mg/kWh6 0.0000000496- 

0.0000000936 

Peng et al, 2012 

 
4 All the values in this column has been adjusted to ton/kWh 
5 Depending on the speed of the engines, NOx emissions differ from a range of 50 to 1000ppm (parts per million). 800-1000ppm has been calculated with the closest 
speed and power of the vessel. 
6 Derived from an average emission value of 47 chemicals 
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Table 9 Concentration of the emission product from electricity (emissions from the grid) 

Product Emission product Concentration Concentration neutralized 
(ton/kWh) 

Source 

Greenhouse gas7 Carbon dioxide (CO2) 9.8 g/kWh 0.0000098 Umhverfisstofnun, 2021 

Methane (CH4) - - - 

Nitrous oxide (N2O) - - - 

Air pollutants8 Nitrogen oxide (NOx) - - - 

Undifferentiated Particulate 
Matters (PM undifferentiated) 

- - - 

Sulfur dioxide (SO2) - - - 

Carbon monoxide (CO) - - - 

Volatile Organic Compounds 
(VOCs) 

- - - 

  

 
7 According to Iceland Inventory Report, the weighted average of greenhouse gas emissions per kWh of electricity produced by hydro power and geothermal energy in 
Iceland in 2019 was 9.8g/kWh CO2 equivalent. This means that other emissions, CH4 and N2O, are embedded into this value. 
8 For this study, the source of electricity supplied to in Iceland are quite far from the production power plants. Hence, it can be implied that there would be very minimal 
effect of these air pollution on human beings, unless the population decides to move closer to the power plants. Thus, the pollutions are to be not considered, even if 
there are air pollution from both hydroelectricity and geothermal electricity production. 



38 

Table 10 Economic cost of emitting each emission product, presented in 2019 adjusted USD per ton, presented in 2019 adjusted USD per 
ton. 

Emission product External costs ($/ton) Source 
Year Country Amount in currency/ton 2019 USD $ 

adjusted/ton9 

Carbon dioxide 

(CO2) 

2017 US $14 17 
Paul et al, 201710 2017 US $50 62 

2017 US $74 92 

2010 US $31 37 Wang et al, 201911 

2012 US $4312 48 
Voosen, 2021; IWG, 202113 

2021 US $5314 50 

Methane  2020 Global average $65815 650 
Errickson et al, 202116 

2020 US $4,56017 4,504 

 
9 The values here are rounded up or down to the whole number for clarity. 
10 Paul et al, 2017 incorporates 3 models: DICE (Dynamic Integrated Climate-Economy model - global warming damage cost), FUND (Climate Framework for Uncertainty, 
Negotiation and Distribution model - market and nonmarket sector damage costs) and PAGE (Policy Analysis of the Greenhouse Effect - economic, noneconomic, and 
catastrophic damages). Furthermore, it also includes a table of damage costs omitted from the social cost of carbon calculation. The social costs of CO2 calculated are 
discount rates of 5%, 3% and 2.5%, values presented in this order. 
11 Wang et al, 2019 is a meta-analysis review of social cost of carbon, bringing in an average value from a wide range of literature on climate change economics. Those 
literature includes the economic damage costs of climate change, chemical interaction within the nature due to anthropogenic activities, sea level rise, ocean acidification, 
and as such. The average value proposed is calculated on a discount rate of 3%. 
12 Calculated on a discount rate at 3%. Barack Obama Administration value for price comparison. 
13 US social cost of carbon considers the damage functions of impacts on coastal property, mortality due to extreme temperatures, and impacts of climate change on air 
quality and human health. 
14 Calculated on a discount rate at 3%. Joe Biden Administration value for price comparison. 
15 Global average estimate when normative parameter of inequality aversion is 1.0. The value of 1.0 presents the normalized equity weight (Anthoff et al, 2009). 
16 Errickson et al, 2021 incorporates 4 different climate change economics models: FAIR (Finite Amplitute Impulse Response model), FUND, Hector climate model, and 
MAGICC (Model for the Assessment of Greenhouse-gas Induced Climate Change). The values to use in this are the averages derived from these models. 
17 US minimum estimate when normative parameter of inequality aversion is 1.0. 
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(CH4) 2020 US $8,29018 8,188 

2020 US $12,90019 12,742 

2017 US $648 674 
Paul et al, 201720 2017 US $1,440 1,498 

2017 US $1,920 1,998 

Nitrous oxide  

(N2O) 

2017 US $5,639 5,868 
Paul et al, 201721 2017 US $17,996 18,727 

2017 US $26,393 27,464 

2020 US $12,632 12,477 
Dayaratna & Loris, 201722 

2020 US $1,882 1,859 

2020 US $5,800 5,729 
IWG, 202123 2020 US $18,000 17,779 

2020 US $27,000 26,669 
2007 Global average $67,000 83,412 Shindell, 201524 

 
18 US average estimate when normative parameter of inequality aversion is 1.0 
19 US maximum estimate when normative parameter of inequality aversion is 1.0 
20 Paul et al, 2017 has calculated the social costs of CH4 with discount rates of 5%, 3% (Interagency Working Group average estimate) and 2.5%, values presented in this 
order. 
21 Paul et al, 2017 has calculated the social costs of N2O with discount rates of 5%, 3% (Interagency Working Group average estimate) and 2.5%, values presented in this 
order. 
22 Dayaratna & Loris, 2017 focuses the climate change economics on the DICE model, representing economic and environmental activity and damage function of emission, 
with main inputs being sea level rise and global warming costs. Published in 2017, the models predicted the costs for 2020, with critiques on using DICE model, which is 
argued for its time sensitivity. The social costs of N2O have discount rates of 3% and 7%, values presented in this order. 
23 IWG has calculated the social costs of N2O based on discount rates of 5%, 3% and 2.5%, values presented in this order. 
24 Shindell, 2015 calculates the health cost of pollution through premature mortalities in relation to climate change and additional consequences affected by climate 
change and pollution. For NOx damage costs, the calculation estimates in relation to human health cost, mainly on premature deaths due to pollution with discount rates 
of 5%, 3% and 1.4%, values presented in this order. 
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Nitrogen oxide  

(NOx) 

2011 US $13,000 14,775 Goodkind et al, 201925 

2017 UK £1,512 2,128 

Government of UK, 202126 
2017 UK £4,963 6,984 
2017 UK £2,547 3,584 

2017 UK £9,045 12,728 

2019 UK €9,628 10,782 
Schucht et al, 202127 

2019 UK €30,821 34,515 

Undifferentiated 
Particulate Matter  

(PM undifferentiated) 

2011 US $94,000 106,837 Goodkind et al, 2019 

2017 UK £22,588 29,090 

Victoria Transport Policy Institute, 201628 2017 UK £105,836 136,302 

2017 UK £327,928 422,327 
2017 UK £10,189 14,337 

Government of UK, 2021 
2017 UK £28,879 40,636 

 
25 The marginal damage costs described in Goodkind et al, 2019 calculates health costs of pollution on premature mortality, which varies from the location in the US and 
concentration of the population of the location. For example, as used as a scenario in the article, Seattle, Washington, would have much less pollution than Los Angeles, 
California, main reason being population density in those states. Furthermore, it also differs on the economic productivity of the state, either agriculture or coal-fired 
power plants for energy production. The damage cost to use here is generated from an average of all the states and regions of the US. 
26 The Government of UK, 2021 calculates the damage costs derived from the mortality burden of air pollution (human health), also taking into consideration of 
productivity, wellbeing, and environment damage costs. These values are of Category 1 (<250 population density) and Category 2 (between 250 and 1000 population 
density), both of the average and high damage cost sensitivity ranges. The average and high sensitivity considers different aspects of health impacts, while the low 
sensitivity range considers only chronic mortality. 
27 One of the assessments on damage costs within Schucht et al, 2021 is the impacts on health from air pollution. The costs are divided into two categories, VOLY (Value 
of Life Year) and VSL (Value of Statistical Life). The marginal damage costs are calculated based on the European Monitoring and Evaluation Programme source receptor 
matrices (EMEP SRMs), showing country-specific damage costs and magnitude of damage costs. The value chosen from Schucht et al, 2021, are those of UK, since mose 
of the damage costs compiled in the table are from UK. 
28 The damage costs presented in Victoria Transport Policy Institute, 2016 are determined by the UK  

 

 for Environment, Food and Rural Affairs for policy evaluation through “Air Quality Economic Analysis: Damage Costs by Location and Source.” The analysis divides the 
damage costs by location and source, ranging from low sensitivity areas to high sensitivity areas, including an average value. The damage costs are derived from mortality 
and respiratory-related damage costs. 
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2017 UK £25,684 36,141 

2017 UK £74,386 104,670 

Sulfur dioxide  

(SO2) 

2011 US $24,000 27,278 Goodkind et al, 2019 
2017 UK £1,491 1,924 

Victoria Transport Policy Institute, 2016 2017 UK £6,273 8,098 

2017 UK £17,861 23,055 
2007 Global average $33,000 40,690 Shindell, 201529 

2017 UK £13,026 16,814 
Government of UK, 202130 

2017 UK £37,611 48,549 

Carbon monoxide  

(CO) 

2007 Global average $200 247 

Shindell, 201531 2007 Global average $240 296 
2007 Global average $250 308  

Volatile Organic 
Compounds (VOCs) 

2011 US $7,500 8,524 Goodkind et al, 2019 
2017 UK £55 71 

Government of UK, 2021 2017 UK £102 131 

2017 UK £2,052 2,649 

2019 UK €1,55232 1,738 
Schucht et al, 2021 

2019 UK €4,61433 5,167 

 

 
29 For SO2 damage costs, the calculation estimates in relation to human health cost, mainly on premature deaths due to pollution with discount rates of 5%, 3% and 1.4%. 
30 SO2 damage costs by the Government of UK, 2021 values presents the low, high, and average damage costs. Low damage cost calculates acute mortality, and average 
and high damage costs calculate both acute mortality and respiratory hospital admissions. There has not been much  
31 For CO damage costs, the calculation estimates in relation to human health cost, mainly on premature deaths due to pollution with discount rates of 5%, 3% and 1.4%. 
32 VOLY calculation 
33 VSL calculation 
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Table 11 is a simplified version of Table 8 and Table 9, giving a clear overview of what 

values to be calculated with the minimum, average and maximum concentration values. 

The table has been divided into two fuel types: diesel and electricity, which presents the 

emission pollutants of each fuel per kWh.  

Table 11 Simplified emission concentration (extracted from Table 8). 

Emission Concentrations ton/kWh 

Fuel Pollutant Minimum Average Maximum 

D
ie

se
l 

CO2 0.000251000000 0.000259500000 0.000268000000 

CH4 0.000000001474 0.000000010562 0.000000019650 

N2O 0.000000006390 0.000000008795 0.000000011200 

NOx 0.000000074420 0.000000083720 0.000000093020 

PM undifferentiated 0.000000180000 0.000000330000 0.000000480000 

SO2 0.000000000930 0.000000001165 0.000000001400 

CO 0.000000363700 0.000000464600 0.000000565500 

VOCs 0.000000049600 0.000000071600 0.000000093600 

El
ec

tr
ic

it
y 

CO2 0 0.000009800000 0 

CH4 0 0 0 

N2O 0 0 0 

NOx 0 0 0 

PM undifferentiated 0 0 0 

SO2 0 0 0 

CO 0 0 0 

VOCs 0 0 0 

Table 12 is a simplified version of Table 10. The external costs per kWh, which also 

presents the minimum, average and maximum concentration values, and external costs. 

This has been generated from a possible range calculated for different countries, which 

may or may not be able to reflect to Iceland-specific scenario. Nonetheless, the minimum 

and maximum external costs per ton is important to visualize the possible range of 

external costs, with the average to provide the mean value of the possible external costs.  
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Table 12 Simplified external costs (extracted from Table 10). 

Pollutant 
2019 $/ton 

Minimum Average Maximum 

CO2 17 51 92 

CH4 650 4,322 12,742 

N2O 1,859 14,572 27,464 

NOx 2,128 21,114 83,412 

PM undifferentiated 14,337 111,293 422,327 

SO2 1,924 23,773 48,549 

CO 247 284 308 

VOCs 71 3,047 8,524 

3.4 Calculation methods 

This section presents all the equations used to determine the external costs of fuel 

consumption. The first step of the calculation is to use the vessel engines´ horsepower 

(hp) to convert to the gallons used per hour (GPH (gal)). Equation 2 presents the equation 

for this estimation, where the specific fuel consumption (SFC (lb per hp)) value, value in 

pound per horsepower (lb per hp), is the amount of fuel consumed by the vessel for each 

unit of horsepower, which has been determined 0.4lb per hp for diesel (Becker, 2019). 

The horsepower (hp) value shall be determined by the engine horsepower of the specific 

vessel provided by the operators online. Fuel specific weight (FSW (lb per gal)), the ratio of 

the density of the fuel to the density of water, has been determined 7.2lb per gallon of 

diesel (Becker, 2019). 

 𝐺𝑃𝐻(𝑔𝑎𝑙) =  
𝑆𝐹𝐶(𝑙𝑏 𝑝𝑒𝑟 ℎ𝑝) × ℎ𝑝

𝐹𝑆𝑊(𝑙𝑏 𝑝𝑒𝑟 𝑔𝑎𝑙)
 (2) 

Equation 3 uses the result value from Equation 2, multiplied by the number hours 

spent at sea (T (h)), which shall be given a random number between 2.5 to 3 for trips that 

last to 3 hours, and 3 to 3.5 for trips of 3.5 hours. Time of the trip starts as soon as the 

vessel removes the last anchored rope from the shore and ends as soon as the first 

passenger is able to disembark. The result is the total gallons of diesel utilized for the trips 

(TG (gal)). 

  𝑇𝐺(𝑔𝑎𝑙) = 𝐺𝑃𝐻(𝑔𝑎𝑙)  ×  𝑇(ℎ) (3) 
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The result of the total gallons of diesel used from Equation 3 can be converted into 

kilowatts hour (kWh) to measure the amount of energy used by conversion values of 1 

gallon equivalent 40.7kWh, Equation 4 (US EIA, 2021). This calculation is to give an 

estimate of diesel consumed in relation of energy (TED (kWh)), disregarding the efficiency 

of engine-fuel consumption and speed transitions of the trips. 

 𝑇𝐸𝐷(𝑘𝑊ℎ) = 𝑇𝐺(𝑔𝑎𝑙)  ×  40.7 𝑘𝑊ℎ (4) 

Equation 5 will be used to calculate the total energy consumed by electrically fueled 

vessels (TEE (kWh)) with the given information of engine power (P (kW)). Just as Equation 3, 

the time value (T (h)) shall be given a random number between 2.5 to 3 for trips that last 

to 3 hours, and 3 to 3.5 for trips of 3.5 hours, with the same start and end time applied 

to diesel vessels. 

 𝑇𝐸𝐸(𝑘𝑊ℎ)  =  𝑃(𝑘𝑊)  ×  𝑇(ℎ) (5) 

Equation 6 provides the external costs per kWh (EC ($/kWh)), a product of emission 

concentration of each emission product (C (ton/kWh)) from both diesel and electricity 

emissions and the external costs (E ($/ton)). 

 𝐸𝐶($/𝑘𝑊ℎ) = 𝐶(𝑡𝑜𝑛/𝑘𝑊ℎ)  × 𝐸 ($/𝑡𝑜𝑛) (6) 

Equation 7 calculates the external costs from diesel-fueled vessels (ECD ($)), and 

Equation 8 of electrically-fueled vessels (ECE ($)). This presents the economic value of fuel 

consumption for each emission product, the external costs of utilizing the vessels. Total 

external costs (E ($/ton)) from Equation 6 is multiplied by the total energy consumed, values 

derived from Equation 4 (TED (kWh)) and Equation 5 (TEE (kWh)). The total external costs is 

the sum of ECD ($) and ECE ($) for all of the emission products for each vessel. 

 𝐸𝐶𝐷($) = 𝐸𝐶($/𝑘𝑊ℎ)  × 𝑇𝐸𝐷(𝑘𝑊ℎ) (7) 

 𝐸𝐶𝐸($) = 𝐸𝐶($/𝑘𝑊ℎ)  × 𝑇𝐸𝐸(𝑘𝑊ℎ) (8) 

Equation 9 and Equation 10 are to calculate the external costs per trip (ECTD ($/trip) and 

ECTE ($/trip)), dividing the external costs of diesel (ECD ($)) and of electricity (ECE ($)) by the 

number of trips of each vessel (NT (trip)). 

 𝐸𝐶𝑇𝐷($/𝑡𝑟𝑖𝑝) =  
𝐸𝐶𝐷($)

𝑁𝑇(𝑡𝑟𝑖𝑝)
 (9) 

 𝐸𝐶𝑇𝐸($/𝑡𝑟𝑖𝑝) =  
𝐸𝐶𝐸($)

𝑁𝑇(𝑡𝑟𝑖𝑝)
 (10) 
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Equation 11 and 12 are used to calculate the external costs per trip per passenger 

(ECPD ($/pas) and ECPE ($/pas)), dividing the external costs per trip (ECTD ($/trip) and ECTE ($/trip)) 

by the number of passengers per trip (NP (no.pas.)). 

 𝐸𝐶𝑃𝐷($/𝑝𝑎𝑠) =  
𝐸𝐶𝑇𝐷($/𝑡𝑟𝑖𝑝)

𝑁𝑃(𝑛𝑜.𝑝𝑎𝑠.)
 (11) 

 𝐸𝐶𝑃𝐸($/𝑝𝑎𝑠) =  
𝐸𝐶𝑇𝐸($/𝑡𝑟𝑖𝑝)

𝑁𝑃(𝑛𝑜.𝑝𝑎𝑠.)
 (12) 
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4 Results 

4.1 Trip data and energy consumed 

This section presents the initial results derived from the calculation methodology and 

using both the equations and data from Chapter 3. For visualization, the upcoming tables 

have been color-coded, where green is to specify electric schooners, yellow for diesel RIB 

boats, and the blue are the larger diesel ships.  

Using Equation 2 and 3, Table 13 has been generated, giving the initial results of the 

total energy used by each vessel throughout the whale watching season. From the 

schedules received from the operators, it has been calculated that a total of 5,861 trips 

were operated in 2019 by Special Tours, North Sailing and Gentle Giants. Assuming that 

all the trips have been conducted at the 50% of the maximum passenger capacity, the 

total number of whale watchers sums to be 228,829. Referring to Figure 4, an estimated 

total of 364,000 whale watchers went on trips in 2019. This means that this study 

accounts for an estimated 63% of the total number of whale watchers in Iceland. 

However, it could be assumed to a certain extent that the results are partially 

representative of the whole industry since this sample includes all the trips by electric 

vessels. The total number of trips is a sum of the trips by all the vessels of each operator. 

Furthermore, with the simulated times allocated for each boat, this sample gives an 

estimated total of 17,950 hours spent whale watching, with an average of 3.08 hours per 

trip regardless of the boat type. Using Equations 2, 3, 4, and 5, an average diesel ship 

would consume 40,120 gallons of diesel for 1,402 hours, a RIB boat 19,769 gallons for 905 

hours, and electric schooner 85,115 kWh for 554 hours in a year. The total amount of 

energy consumed for all types of vessels summed up to be 17,426,362 kWh in 2019.  
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Table 13 Total energy consumed by the whale watching operators in 2019. 

Boat kW hp gallons 
per 
hour 

Total 
hours 

Number 
of trips 

Total 
gallons 
used 

Total 
energy 
(kWh) 

Lilija 1,029 1,380 76.7 977 352 74,930 3,049,634  

Andrea 490 657 36.5 2,517 764 91,890 3,739,935  

Hildur 105 141 7.8 304 93 2,381 96,886  

Náttfari 269 361 20.0 1,828 554 36,638 1,491,184  

Sæborg 300 402 22.4 1,329 404 29,711 1,209,233  

Garður 373 500 27.8 774 234 21,509 875,412  

Sylvia 294 394 21.9 1,458 443 31,940 1,299,972  

Faldur 212 284 15.8 2,023 613 31,959 1,300,710  

Total - - - 11,212 3,457 - - 

Average 
DS 

384 515 28.6 - - 40,120 1,632,871 

Andvari 119 - - 1,062 322 - 126,320  

Haukur 155 - - 187 57 - 29,020  

Bjössi Sör 221 - - 684 207 - 151,230  

Opal 120 - - 282 86 - 33,887  

Total - - - 2,215 672 - - 

Average 
ES 

154 - - - - - 85,115 

Dagmar 272 365 20.3 1,333 584 27,014 1,099,457  

RIB Amma 
Johanna 

313 420 23.3 905 326 21,115 859,375  

RIB Amma 
Helga 

298 400 22.2 1,022 368 22,683 923,197  

RIB Amma 
Sigga 

298 400 22.2 484 174 10,736 436,940  

RIB Amma 
Kibba 

298 400 22.2 779 280 17,297 703,969  

Total - - - 4,523 1,732 - - 

Average 
RB 

296 397 22.0 - - 19,769 804,588 
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4.1.1 Diesel-electricity proportions 

This section is to present the proportion of electrically-fueled trips to the traditional 

fossil- fueled trips of the sample of 3 whale watching operators. From the simulated data 

from the information retrieved from the operators, Table 13 has been generated, 

presenting the total hours spent at sea and the total number of trips conducted. 

Aforementioned, there are 4 electric schooners in the whole fleet in this study’s sample 

of the Icelandic whale watching industry, 5 RIB boats, and 8 diesel ships.  

To compare the proportion of trips conducted using diesel fuel to electricity, of the 

total number of trips conducted, 672 trips were conducted with electricity, while 5,189 

trips were with diesel fuel, 3,457 trips were with diesel ships, accounting for 59%, and 

1,732 trips by RIB boats, accounting for 30%. The proportion of electricity used is 11.5%, 

while 88.5% is with diesel. This has been presented in Figure 9. The sampling of this 

estimate represents only of the total number of trips conducted by the 3 case study 

operators, where the proportion of the electric schooners would be even smaller given 

the fact that most of the whale watching trips are conducted by diesel ships, even the 

ones that are not in this study sample.  

 

Figure 9 Vessel type proportions by the number of trips. 

Of the 17,950 hours spent at sea, the hours of electric schooners spent at sea totals to 

2,215 hours, 12.3% of the total hours spent at sea, with diesel ship trips totaling to 11,212 

hours, which is 62.5%, and RIB boats, 4,523 hours, equals to 25%. This has been presented 

in Figure 10, where the majority of the trips are conducted on diesel ships, with a fewer 

number of trips on RIB boats, and the least number of trips on the electric schooners. 

Surprisingly, even though the RIB boats spent 2 to 2.5 hours at sea, the proportion of the 

total hours takes up to almost one-fourth of the total hours. This is also reflected by the 
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total number of trips conducted on RIB boats, accounting 29.5%, where it seems that RIB 

boat trips are also attractive, even though the ticket prices are higher, and the trips have 

a shorter duration.  

 

Figure 10 Fuel type proportions with the number of hours. 

4.2 External costs 

4.2.1 Fuel costs 

This section is to present the results from calculation in the context of the fuel and energy 

used by the industry. Using the external cost values and the emission concentration 

values from Table 11 and Table 12, the external cost per kWh is calculated, generated in 

Table 14. The sum of all the products has been presented as the external cost of fuel 

consumption per kWh. For diesel, the average external cost is $0.052, and for electricity 

is $0.0005. Figure 11 presents the average ratio of total external costs per kWh for diesel 

and of electricity. The ratio for electricity to diesel fuels is 1:105. Table 15 has been 

generated to present the marginal external costs per liter of fuel, where 1 liter of diesel 

is equivalent to 10 kWh (The UtilitySmarts Team, 2022). 

Table 14 Average external cost for diesel and electricity per kWh ($/kWh). 

 Diesel Electricity 

CO2 0.0132345000 0.0005 

CH4 0.0000456490 0 

N2O 0.0001281563 0 

NOx 0.0017676222 0 
PM undifferentiated 0.0367265250 0 

SO2 0.0000276950 0 
CO 0.0001317915 0 

VOCs 0.0002181413 0 

Total 0.0522800804 0.0005 

11212.1 4522.9 2215.4
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Figure 11 Average external costs per kWh of diesel and electricity. 

Table 15 Average external costs for diesel and electricity per liter (1 liter = 10 kWh) 

Fuel type External Costs ($/liter) 

Diesel 

Greenhouse gases 0.13 

Air pollutants 0.39 

Total 0.52 

Electricity Greenhouse gases 0.005 

4.2.2 Trip costs 

To understand the incorporation of external costs to diesel fuel prices, 2 scenarios of 

diesel ships and RIB boats have to be divided. Firstly, on the diesel ships, an average of 

diesel consumed per hour and average time are calculated to present the amount of fuel 

consumed per trip. Then, with the assumption that the trips are operated with 50% of 

each boat’s maximum passenger capacity, external costs are calculated. The same 

methodology has been applied for the RIB boats to understand the estimated external 

costs for this type of vessel. This approximation has generated the following tables and 

figures. This gives the external cost per passenger per trip. 

Table 16 presents the estimated external cost per trip, which is divided by the external 

costs of the boats with the number of trips the boat has operated. The average external 

costs per trip ranges from $54 to $453 for diesel ships, $98 to $138 for RIB boats and 

$0.20 to $0.37 for electric schooners. The averages for each vessel types are $190 for 

diesel ships, $126 for RIB boats, and $0.25 for electric schooners, which has been 
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presented in Figure 12. Furthermore, Table 16 presents the estimated external cost per 

passenger per trip for each vessel and category of vessel. The average external cost per 

trip per passenger ranges from $2.18 to $4.93 for diesel vessels, $16.40 to $22.97 for RIB 

boats and only $0.005 to $0.013 for electric schooners. Table 16 has been presented in 

Figure 13, and the averages are $3.64 for diesel ships, $21.00 for RIB boats, and $0.009 

for electric schooners. The ratios of the averages of electric schooners to diesel ships is 

1:406, and electric schooners to RIB boat is 1:2340. The maximum and minimum external 

costs for both of these results have been presented in Table 18 and Table 19 at the 

Appendix section. 

Table 16 Average external cost per trip and cost per passenger for each vessel. 

 
Average external cost per 

trip ($) 
Average external cost per 

passenger per trip ($) 

Lilija 453  4.793 

Andrea 256  2.585 
Hildur 54  2.179 

Náttfari 141  3.127 
Sæborg 156  4.471 

Garður 196  2.679 

Sylvia 153  4.383 
Faldur 111  4.930 

Average Diesel ships 190  3.643  

Andvari 0.20  0.005 

Haukur 0.25 0.011 

Bjössi Sör 0.37 0.013 
Opal 0.20 0.007 

Average Electric schooners 0.25 0.009 

Dagmar 98  16.404 

RIB Amma Johanna 138  22.969 
RIB Amma Helga 131  21.859 

RIB Amma Sigga 131  21.880 

RIB Amma Kibba 131  21.907 

Average RIB boats 126 21.004  
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Figure 12 External cost per trip for each type of fuel. 

 

Figure 13 External cost per passenger per trip. 
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4.3 Passenger capacity sensitivity analysis 

Figure 14 presents the external cost per passenger per trip with capacity sensitivity 

applied, where different capacity percentages have been simulated, from 30% to 100% 

of the maximum capacity of the vessels. This is to reflect the possible ranges of external 

cost per passenger depending on the number of passengers for each trip. For RIB boats, 

the costs have the range of $10.50 to $35.01. For diesel ships, it is $6.07 to 1.82, and 

$0.01 to $0.00 for electric schooners.  

 

Figure 14 Per passenger external cost with capacity sensitivity. 
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5 Discussion 

5.1 Externalities and costs 

One of the objectives of this study is to identify the economic value of the environmental 

externalities from whale watching linked to fuel consumption by vessels. The first 

research question of this thesis was: What are the main externalities of diesel fuel and 

electricity consumption by Icelandic whale watching vessels? Table 2 gives a brief 

understanding of what externalities fuel consumption has from whale watching vessels. 

The main externalities of fuel consumption has been found to have impact on different 

aspects of human wellbeing, which for this study are on health impacts derived from air 

pollution, and global warming potentials. The health impact has also been found in a wide 

range of health damages, focusing mainly on respiratory systems. This includes 

cardiopulmonary conditions, mortality related to respiratory conditions, restricted 

activities, and respiratory-related issues. Further health-related damages include acute 

respiratory distress, asthma, asphyxia, premature death, reduced lung function, acute 

bronchitis, and lung cancer, all of which are found to be closely related to air pollution. 

Finally, on the global warming potentials, the increase in global temperature has been 

the source of climate change, leading to increase in intense natural disasters, loss of 

natural ecosystems, rising sea levels, increase in extreme weather patterns of drought 

and rainfall, and ecosystem damages, to name a few.  

The second research question was: What is the economic value of fuel externalities for 

fossil and electrically fueled whale watching vessels? The economic value of fuel 

externalities has been calculated from the greenhouse gas and air pollution emission 

products. The greenhouse gases in consideration for this study are Carbon dioxide (CO2), 

Methane (CH4), and Nitrous oxides (N2O), and the air pollutants are Nitrogen oxide (NOx), 

undifferentiated Particulate Matters (PM undifferentiated), Sulfur dioxide (SO2), Carbon 

monoxide (CO) and Volatile Organic Compounds (VOCs).  

To begin with, the average marginal external costs per kWh for diesel is $0.052, and 

electricity is $0.0005, see Table 14 and Figure 11. The ratio of average external costs per 

kWh electricity to diesel fuels is 1:105. Simple mathematics of the external costs and total 
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energy consumed have provided the different economic values of fuel externalities for 

both fossil and electrically fueled whale watching vessels. To further understand the 

different external costs of each type of vessel, Table 16 and Figure 12 show the average 

marginal external costs per trip for diesel ships, electric schooners and RIB boats. The 

averages show to be $190 for diesel ships, $126 for RIB boats, and $0.25 for electric 

schooners. Using the 50% of maximum passenger capacity, Table 16 and Figure 13 has 

been generated, which show the average marginal external cost per passenger per trip, 

where the averages are $3.64 for diesel ships, $21.00 for RIB boats and $0.009 for electric 

schooners. Here, it is important to note that the results are very different to the per trip 

data due to the low passenger capacity of RIB boats, where the maximum is only 12 per 

boat. The average maximum capacity of the diesel ships is 107 passengers and of electric 

schooners is 59 passengers. 

5.2 Accounting for external cost 

The third, and final, research question was: How can the external costs of diesel fuel and 

electricity consumption by whale watching boats be accounted for by the operator or the 

whale watchers? With most of the whale watching vessels and trips in Iceland using diesel 

to run their engines, it is possible that changes in the diesel prices could eventually push 

the industry away from being fossil fuel reliant.  

Assuming that the fuel prices will be increasing at the current global rate, eventually, 

diesel costs could become too high for the operators to afford. This could be a financial 

incentive for the operators to consider switching to renewable fuel sources, which in this 

case would be transitioning to electricity. The carbon tax exists for the fuel purchase but 

does not reflect the true social cost of diesel fuel consumption since the external costs 

have not been incorporated fully into the diesel fuel prices. Hence, incorporating the 

external costs per kWh to the current prices could present the true social costs of fuel 

purchases. However, the much-debated issue for externalities creates a dilemma of who 

has to pay for the external costs, either the operator of the business (increase in fuel 

prices), or the consumers of the service (increase in ticket prices). It would be an 

interesting policy and management implication to consider who are to pay for the 

external costs, with the main ideology here is to understand the impact of adding external 

costs to the existing market prices to reflect the social costs. 
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To explain the scenarios of who pays the external costs, if the external costs are 

imposed on the whale watching operators, using Equation 1, the private costs are the 

direct costs of operating a whale watching tour, which in this case is fuel costs. Using the 

information from Table 15, the average external cost of diesel per liter (equivalent to 10 

kWh) is $0.52 and of electricity is $0.005. The external cost of greenhouse gas only is 

$0.13 (16.64 ISK), with $0.39 (49.92 ISK) of only air pollution. The carbon tax per liter of 

diesel fuel was 11.45 ISK ($0.09) in 2019 (Skattalagasafn, 2009; Alþingi, 2018), which 

represents 99% of the total emission per kWh, and the remaining 1% being air pollution34. 

Comparing to the carbon tax placed in 2019 of 11.45 ISK, in order to reflect the true social 

cost of fossil fuel, the carbon tax should increase by 45.33%, reaching up to the external 

cost of 16.64 ISK per liter of diesel. This would further mean that the price of diesel per 

liter should increase from 293.03 ISK ($2.3) to 298.22 ISK ($2.33), an increase of 1.5%, 

5.19 ISK more.  

For the case of electricity, 1 kWh of electricity is 6.92 ISK ($0.05) before value added 

tax (VAT) (Orkusalan, 2022), where 10 kWh is 69.2 ISK ($0.54). With the external costs 

being $0.005 (0.64 ISK) only of greenhouse gas emissions, the true social cost of electricity 

consumption would be 69.84 ISK ($0.55) for every 10 kWh (1 kWh = 6.98 ISK ($0.055)). 

Here, the price increase for electricity would be 0.92%. 

Hence, this would mean that the external costs can be reflected on the true social 

costs of the whale watching industry, where the carbon tax for diesel fuel per liter is to 

increase by 45.33% to increase the diesel fuel prices by 1.5%, and electricity prices by 

0.92%. This is in the context of external costs and carbon taxes incorporated in the fuel 

prices, which would be the actual price of diesel fuel and electricity consumption, i.e. the 

true social costs. Hence, the social cost of diesel would be 298.22 ISK ($2.33) per liter and 

of electricity be 69.84 ISK ($0.55) for every 10 kWh.  

However, instead of imposing external costs on fuel prices, it can also be assumed that 

the consumers are to bear the external costs instead of the operators. This would be then 

imposing the external costs on top of the ticket prices. Again, using Equation 1, the 

 
34 The external cost of greenhouse gas only accounts for ¼ of the total external costs for diesel. This is 
because the air pollution has very high damage costs, e.g. particulate matter which are over 
$100,000/ton. Then, this no doubt includes the statistical value of a human life, which is mortality costs. 
However, the greenhouse gas emission costs are much lower than those of the air pollutants. 
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marginal private costs are the ticket prices for the tour, and the marginal external costs 

are the values from marginal external costs per passenger per trip, which are averages of 

$3.64 for diesel ships, $0.009 for electric schooners and $21.00 for RIB boats. Referring 

to Table 17, with the whale watching ticket prices ranges from 10,990 ISK to 19,990 ISK, 

this would mean that the ticket prices would have to increase by 3.87-4.28% for diesel 

ships, 13.38-13.55% for RIB boats, and 0.01% for electric schooners. There is no range for 

electric schooners here because there is only one price offered in 2019 for trips with 

electric schooners. Again, this in the context of external costs incorporated in the ticket 

prices, where the consumers, which are the whale watchers, are to bear the external 

costs. Table 17 also presents the weighted averages based on the number of trips by the 

respective vessel types. 

Table 17 External cost incorporated on ticket prices. 

Company Type of 

vessel 

Ticket 

price (ISK) 

Ticket price 

(USD) 

1USD~128ISK 

Ticket price 

(USD) + 

external costs 

Percentage 

of price 

increase 

Special 

Tours 

Diesel ship 11,990 94 97.64 3.87% 

RIB boat 19,990 157 178 13.38% 

Gentle 

Giants 

Diesel ship 10,790 85 88.64 4.28% 

RIB boat 19,790 155 176 13.55% 

North 

Sailing 

Diesel ship 10,990 86 89.64 4.23% 

Electric 

schooner 

11,990 94 94.009 0.01% 

Average 

Diesel ship 11,257 88 92 4.13% 

RIB boat 19,890 156 177 13.47% 

Electric 

schooner 

11,990 94 94.009 0.01% 
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5.3 Implications of fossil fuel future 

The results have shown that diesel consumption has both higher external costs and higher 

emission concentration than for geothermal electricity and hydroelectricity consumption. 

With further calculations in the previous section, it concluded with how external costs 

can be applied to different scenarios, either having the operators bear the costs by 

increasing the fuel prices, or having the consumers bear the costs by increasing the ticket 

prices. From this study, the results show that the current carbon tax per liter of diesel is 

significantly lower than the expected external costs to represent the true social cost of 

diesel fuel consumption. This would be a policy and management implication that needs 

to consider the implications in the context of the current regulatory structure, which 

would meet national and international policies on greenhouse gas and pollution 

reduction. Hence, in order to meet the aforementioned national and international 

policies on greenhouse gas and pollution reduction, carbon tax for diesel should increase. 

The new Energy Policy has called for Iceland to be ‘a land of clean and secure energy’ 

(Ministry of Industries and Innovation, 2020). As a result, the applicable frameworks and 

policy agenda are the necessary forces for the change in not being more fossil fuel 

dependent. This study on external costs gives a general overview of how external costs 

can be incorporated into different prices borne by different parties. However, with the 

purpose of the UNSDG 13 in mind, what would be the main force of change from fossil 

fuel to renewable fuel sources? 

The Icelandic carbon tax stands at around $30 per ton in 2021, as also presented in 

Table 1. The carbon tax of other Nordic countries are $28 for Denmark, $73.02 for Finland, 

$69 for Norway, and $137 for Sweden. The EU’s new regulation is to reduce greenhouse 

gases by at least 55% compared to 1990 levels, also to reduce the impact of greenhouse 

gas impact on climate change scenarios. If the social cost of carbon is lower than $30 per 

ton in Iceland, in the context of this study, are the carbon taxes high enough? The current 

prices are not high enough to represent the true social cost of diesel consumption. To 

begin, these outcomes from the results are solely based on the average social cost of 

carbon in the existing studies reviewed above. There are already many academic studies 

that have suggest that $51/ton for the social cost of carbon is far too low (Tol, 2019; 

Howard & Schwartz, 2017; Weitzman, 2017), which automatically means that the 

Icelandic carbon tax of $30/ton is far too low.  
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The implications of the results of this study shows that the diesel price, including 

carbon tax, should increase from 293.08 ISK to 298.22 ISK, the markup of 1.5%. It is 

possible that the percentage markup on diesel price per liter and carbon tax per liter are 

absolute minimum increases based on the somewhat conservative approach to the social 

cost of carbon. If the social cost of carbon and carbon tax are to increase accordingly to 

the true costs, the markup percentage on the diesel fuel prices would be much higher. 

From the OECD report (2021), in order to meet the government targets, the carbon 

taxes should increase much more, and the diesel fuel prices should increase by almost 

€2.6 ($2.47) per liter more. This is to increase the current diesel prices per liter by 

112.27%, not including the carbon taxes. To include the proposed carbon taxes, the 

current diesel prices per liter should increase by 118.18%. Comparing the OECD’s 

suggestion to double the diesel price per liter to the results of the study, Iceland has to 

definitely increase its social cost of carbon, which would also increase the carbon tax. The 

higher the carbon taxes imposed, the more incentive to actually put in more effort for 

clean technology to reduce climate change implications (aus dem Moore et al, 2022). The 

argument is that as carbon taxes go up, abatement of greenhouse gas emissions becomes 

a cheaper option in comparison. aus dem Moore et al. (2022) study in Sweden had 

concluded that carbon tax created positive economic benefits, leading to further drive for 

green innovation in the transport sector. In addition to Sweden being an environmentally 

conscious population, the carbon tax allowed Sweden to create a reputation for political 

trust in climate and environmental policies. This has resulted in higher public support, 

presenting Sweden to be climate policy pioneer in the fight against climate change, 

allowing the country to foster innovation in clean technology (aus dem Moore et al, 

2022). Since the results have shown that the current carbon tax imposed on diesel is 

significantly low, Iceland would thus need to increase its carbon tax. However, even 

though the carbon prices are high in Sweden, it does not necessarily cover a high 

percentage of greenhouse gases. Norway’s tax rate could be the path that Iceland could 

follow because though it is not the highest, the country has the highest share of coverage 

and has been in place since 1991. 

Blöchliger et al. (2022) analysis on the effect of carbon tax rise on Iceland‘s economy 

suggests that industries would be damaged economically, but would meet the emission 
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reductions. Though larger industries would not experience drastic impact of the increase, 

small-scale industries, in this case are the whale watching operators in local communities, 

would have to bear the consequences much more, especially that some are already 

operating at a very low profit margin, or often not making profits at all (Hagfræðistofnun, 

2019).  

Nonetheless, to meet the greenhouse gas policies and agreements determined of 

cutting emissions by at least 29% by 2030, the actions to take is to increase the number 

of trips conducted with electric schooners and decrease the number of trips conducted 

with diesel ships and RIB boats. Then, there should be an increase in carbon tax as a form 

of monetary incentive to transition towards green fuel consumption, which would 

increase the number of electric schooners into the fleet. However, this study is an 

Icelandic specific finding which needs to consider how practical it currently is for all of the 

Icelandic whale watching industry to do this, which goes into another debate of having 

the necessary charging infrastructure and who pays for them. 

Hence, this study on the Icelandic whale watching industry has provided the low 

external costs for utilizing renewable electricity sources, which is $0.0005 (0.05 USD cents 

per kWh), and diesel fuel is $0.052 (5.2 USD cents per kWh). This can be supported by 

Sovacool et al. (2021), which presents the lower external costs of renewable electricity 

production, where the mean of external costs for geothermal is 0.093 USD cents per kWh 

and for hydroelectricity 1.756 USD cents per kWh. Diesel fuel stood at 7.639 USD cents 

per kWh.  

With the 4 electric schooners running in Iceland, it means that whale watching does 

not have to be conducted using fossil fueled boat since alternatives through electricity 

exists. The whale watching operators then have the potential for increasing the number 

of environmentally friendly vessels that have lower externalities. However, if the options 

already exist, why are the operators still operating trips through diesel ships and RIB boats 

even when external costs are higher for fossil fuel than for renewably sourced electricity? 

Seetharaman et al. (2019) looked at the impacts of social, economic, technological, and 

regulatory barriers that prevent the deployment of renewable energy. Mirzania et al. 

(2019) further concerns additional potential barriers of transitioning towards renewable 

energy sources.  
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In the context of Icelandic whale watching industry, the first reason is that most diesel 

ships that are in the fleet have been repurposed and refurbished from traditional fishing 

boats to passenger-accommodating boats, hence not needing to build a new boat from 

scratch. The second reason for conducting through RIB boats is that they offer a different 

type of experience for the tourists, being much faster and much closer to the mammals, 

which often becomes the priority for the whale watching operators to increase tourism 

experience. The third reason is that conversion to an electric engine has a high initial cost 

and much more compilated process to switch to an electric vessel (Wu et al, 2015). 

Finally, the last reason is that there are no taxation for air pollution, apart from higher 

health costs, with the ultimate costs being mortality. While there are taxation of 

greenhouse gas emissions, having a system to tax the pollutants would create an 

incentive to transition to renewable energy. In this study, the external costs of air 

pollution accounts for 75%, which means that taxation and monetary schemes would 

allow operators to understand the external costs of diesel consumption. 

5.4 International implications 

This study implies that transforming the whale watching industry from being fossil fuel 

dependent to be more renewable electricity dependent is feasible, but only in countries 

that are predominantly producing electricity through renewable sources, i.e. geothermal 

or hydropower sources in this scenario. From this Icelandic case study, Norway could 

possibly be one of the countries that leads to green whale watching since the country 

already has the highest share of electricity produced from renewable energy sources in 

Europe (Energy Facts Norway, 2021). In addition, the country has been quite innovative 

to establish green marine transport, with one of the initiative being Zero Emission Energy 

Distribution at Sea (ZEEDS, 2022). It would make much more sense that whale watching 

in Norway is conducted completely from electricity-fuelled vessels. The same can be 

considered for Canada, which is also mainly generating electricity from hydropower 

plants (Canada Energy Regulator, 2022). Such countries already have the resources to 

transition. However, countries like the USA, electricity production mostly from fossil fuels 

(USEIA, 2022), and Australia, from coal (Australian Government Geoscience Australia, 

n.d.), it would not be the best decision to shift towards electric vessels. It would be 

pointless because their electricity would still be producing high emission levels of 
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greenhouse gas and air pollution. It stems to the main point of electricity to be generated 

majority of renewable sources, such as of hydropower or geothermal sources, and are 

not generating mainly from fossil fuels. 

5.5 Limitations 

5.5.1 Damage costs for Iceland  

Hence, one of the limitations that this study has faced is the scale of external costs to be 

used for Iceland. As aforementioned in Section 3.1, benefit transfer methodology has 

been used to estimate the economic inputs for this study. With the lacking information 

for Iceland-specific scenario, benefit transfer methodology allows to create an estimate 

of the economic values from one site, which can be applied to the other sites. Though it 

may not be site-specific accurate, it is still a practical tool to assess economic values in 

different locations (Plummer, 2009). 

Iceland is a relatively small island nation in the middle of the Atlantic Ocean with a 

population of almost 376,000 people and population density of under 4 per km2 (Hagstofa 

Íslands, 2022). The external costs transferred for this study may not have much effect on 

this small island nation unlike other nations with higher population and population 

density. Furthermore, it is also important to consider the difference between the number 

of trips in Reykjavík (population of more than 200,000) and Húsavík (population of less 

than 2,500), and that most trips in Iceland take place in Reykjavík, where there are no 

electric schooners. Thus, it is arguable that the external costs applicable for Iceland would 

be below the average, or even close to the minimum values. The study excluded the 

potential health impacts of hydrogen sulfide (H2S) on residents of Húsavík. Currently, the 

only electric boats are located in Húsavík and it is a very low desnity population town. So, 

it is true that these impacts will be tiny, but if electric boats start operating in Reykjavík, 

then it might be a different scenario.  

Furthermore, for this study to be feasible, some considerations has been made to 

reflect the best scenario for Iceland, providing a more general sense of external costs 

from the whale watching industry in Iceland. It is important to understand that the social 

cost of carbon, and other social costs, used in this study could be much lower than what 

it is supposed to be. Researchers have argued that the current social cost of carbon is 

quite low, and that a higher value should be applied (Tol, 2019; Howard & Schwartz, 2017; 
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Weitzman, 2017). If higher values for carbon is placed, for example $150 per ton CO2 

equivalent, the results will be different and would create better understanding of the 

impacts of greenhouse gas emissions. Nonetheless, it is likely in the near future that the 

social cost of carbon is only going to increase as exemplified recently by the rise in the EU 

ETS’ permit price to about $100 per ton (Chestney et al, 2022). 

5.5.2 Estimates of the main data 

This study focuses only on 3 whale watching operators. With the 50% estimated 

passenger capacity simulation for the vessels, the estimated total number of whale 

watchers sums to be 228,829. In Figure 4, it was estimated a total of 364,000 whale 

watchers. This means that the current estimated calculation could account for almost 

63% of the total number of whale watchers in Iceland, not representing the industry as a 

whole. If assuming that other operators had the same application on their tours, the 

number of tours operated by Special Tours, Gentle Giants, and North Sailing should be 

63% of the total number of whale watching trips conducted in 2019. As presented in 

Chapter 4, the number of trips conducted by the electric vessels account for around 

11.5%. The sampling of this estimate represents only of the total number of trips 

conducted by the 3 case study operators, where the proportion of the electric vessels 

would be even smaller given the fact that most of the whale watching trips are conducted 

by diesel fuel vessels. 

Furthermore, for this project to be feasible, the following factors have been 

overlooked to present an overall picture of external costs of whale watching for Iceland. 

These factors include: 

• Generalized fuel consumption, assuming that all the trips are conducted in the 

same manner with the estimated time; 

• This study only considers the whale watching trips, not including the additional 

tours that operators conduct in addition to whale watching; and, 

• Emission concentration, where the engines are emitting the same amount of 

concentration, regardless the engine types or fuel efficiency. 
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5.5.3 Additional excluded externalities 

Only the fuel consumption-related externalities have been focused for this study. The 

other environmental and socio-cultural impacts, both positive and negative, of whale 

watching have not been addressed in this study since they do not lead to easily 

identifiable spillover effects to humans that can be measured economically. Whale 

watching actively contributes to resource conservation, learn educational information 

about the species and their habitat, reduce environmental damage by obeying to 

legislation and guidelines, and deliver community benefits. Studies have also been 

conducted to understand and highlight a number of ecosystem services that whales 

provide (Roman et al, 2014). Such positive externalities of whale watching have not been 

accounted for by the market. The IWC compiled list of potential short-term (ST), long-

term (LT), and non-visible (NV) effects (IWC, 2022) and impacts of whale watching has 

been disregarded for this study. This includes changes in swimming behavior (ST), feeding 

patterns (ST/LT/NV), population changes (LT), decreasing sightings-per-effort-unit (LT), 

stress levels (NV), and noise disturbances (NV), to name a few. These ecological 

consequences have resulted in many behavioral changes in the cetacean species in 

response to whale watching (Malinauskaite et al, 2020), even if they may not have much 

of an economic impact on humans (Parsons, 2012). This study has only looked into some 

health impacts and a few environmental damages associated to diesel fuel and electricity 

consumption. Other externalities associated with energy development, such as the 

impact on biodiversity and land from the production of electricity from renewable 

sources (Sovacool et al, 2021) have been excluded. If to consider all the environmental 

impacts of whale watching and excluded externalities of energy consumption, it would 

further raise the issue of sustainability of whale watching and increase the external costs 

of whale watching.  

5.5.4 Further studies 

This study has brought whale watching industry, tourism industry and fuel externalities 

onto the same page, where the discussion of fuel consumption externalities has been 

neglected in each of the fields. With the very much debated dispute of who pays for the 

external costs, either the consumers or the operators (producers), one study that can be 

conducted is the willingness-to-pay for the external costs. Both consumers and operators 
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can participate in a study to understand to a degree of who is to bear the burden of the 

external costs. This would lead to the discussion of how external costs should be 

incorporated into either the diesel fuel prices by increasing carbon tax, or the ticket prices 

by increasing the cost of whale watching. This study would present how the externalities 

would and should be managed in relation to climate change mitigation and better 

understanding of economic values of external costs. Secondly, there could be further 

studies on the limitations and barriers to switching from fossil fueled vessels to renewable 

fueled vessels, with the results that could imply the feasibility of switching fuel sources 

of the vessels. This study could include the carbon tax increase projection, which would 

force the industries to phase out fossil fuel dependency and increase the use of 

renewable energy sources, meeting the climate change mitigation goals by 2030.
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6 Conclusion 

Whale watching has evolved into a popular recreational activity, resulting in a modern 

tourism experience without consuming or extracting them. The number of whale 

watchers in Iceland and globally is to increase, assuming the increasing numbers of whale 

watchers up to 2019 resumes after the cessation of the COVID-19 pandemic. In order to 

meet the international regulations on climate change mitigation, externalities from diesel 

fuel and electricity consumption from the whale watching industry should be considered. 

This would progress the Icelandic agenda to increase the use of green energy sources 

rather than being dependent on fossil fuel sources for nearly all forms of marine 

transportation and shipping. Hence, the objectives of this thesis were to provide an 

overview of the whale watching tourism industry in Iceland, to identify the economic 

value of the environmental externalities from whale watching linked to diesel fuel and 

electricity consumption, and to consider implications of the economic value of diesel fuel 

and electricity externalities in relation to Iceland’s policies for climate change mitigation 

and energy sustainability. 

Through literature review, the main externalities of fuel consumption have been 

found, having impact on different aspects of human wellbeing, which for this study are 

on health impacts, environmental effects, and global warming potentials. Then, through 

the computation of the available data from whale watching companies, the economic 

value of fuel externalities has been calculated from the greenhouse gas and air pollution 

emission products. The average marginal external costs per kWh for diesel fuel is $0.052, 

and for electricity is $0.0005. The average marginal external costs per trip for diesel ships, 

electric schooners and RIB boats are $190 for diesel ships, $126 for RIB boats, and $0.25 

for electric schooners, respectively. The estimated external cost per passenger for each 

trip are $3.64 for diesel ships, $21.00 for RIB boats, and $0.009 for electric schooners. 

Finally, section 5.2 has considered how the external costs of fuel consumption by 

whale watching boats could be accounted for. This study suggests that Iceland’s carbon 

tax per liter of diesel should increase by 45.33%, increasing the diesel prices per liter by 

1.5%. Icelandic electricity prices should also increase by 0.92% to take into account the 



67 

external costs. On the other hand, the marginal private costs for the whale watchers are 

the ticket prices. Imposing the external costs on the whale watchers would increase the 

ticket prices by 3.87-4.28% for diesel ships, 13.38-13.55% for RIB boats, and 0.01% for 

electric schooners. Overall, given the results of this study, the main policy implication 

from this study is to further increase the Icelandic carbon tax to fully account for the true 

social cost of fossil fuel consumption. This study on Icelandic whale watching industry 

shows that given the renewable electricity sources, it is possible to transition from diesel 

to electric whale watching vessels. Looking back at what ecotourism is supposed to imply, 

this transition would push the industry to promote better sustainable tourism in Iceland, 

taking into consideration of externalities from diesel fuel consumption. Internationally, it 

can still be argued the feasibility of this transition. However, given the energy production 

sources of Norway and Canada, for example, it is much more feasible and considerable 

for their industries to transition rather than for the USA and Australia to do so. 

Nonetheless, it would still come down to how the social cost of carbon is to be placed to 

reflect on the carbon tax to create an incentive to not be dependent on fossil fuels, and 

that understanding economic valuation of externalities could set the right path. 
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Appendix 

Table 18 Maximum and minimum external costs per trip ($) 

 Minimum Maximum 

Lilija 62 2,051 
Andrea 35 1,159 

Hildur 7 247 
Náttfari 19 637 

Sæborg 21 709 
Garður 27 886 

Sylvia 21 695 

Faldur 15 502 

Average Diesel ships 26 861 

Andvari - - 
Haukur - - 

Bjössi Sör - - 

Opal - - 

Average Electric schooners - - 

Dagmar 13 446 

RIB Amma Johanna 19 624  

RIB Amma Helga 18 594  

RIB Amma Sigga 18 594 
RIB Amma Kibba 18 595 

Average RIB boats 17 571 
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Table 19 Maximum and minimum external cost per person per trip ($) 

 Minimum Maximum 
Lilija 0.652 21.703 

Andrea 0.352 11.705 

Hildur 0.296 9.865 
Náttfari 0.426 14.160 

Sæborg 0.608 20.245 
Garður 0.365 12.132 

Sylvia 0.596 19.848 

Faldur 0.671 22.325 

Average Diesel ships 0.496 861 

Andvari - - 
Haukur - - 

Bjössi Sör - - 

Opal - - 

Average Electric schooners - - 

Dagmar 2.232 74.279 
RIB Amma Johanna 3.126 104.008 

RIB Amma Helga 2.974 98.980 

RIB Amma Sigga 2.977 99.077 

RIB Amma Kibba 2.981 99.197 

Average RIB boats 2.858 95.108 

 


	Abstract
	Útdráttur
	Table of Contents
	List of Figures
	List of Tables
	Acknowledgements
	1 Introduction
	1.1 Research objectives, questions, and methods
	1.2 Thesis outline

	2 Background and Literature Review
	2.1 Growth of tourism in Iceland
	2.2 Decline in whaling industry and growth of whale watching tourism
	2.3 Externalities and externalities in tourism
	2.4 Externalities of whale watching
	2.5 Valuation of fossil fuel externalities
	2.6 Electricity in Iceland
	2.7 Applicable regulatory frameworks and policy agenda

	3 Materials and Methods
	3.1 Research Methodology
	3.2 Case study companies
	3.2.1 Special Tours.
	3.2.2 North Sailing
	3.2.3 Gentle Giants

	3.3 Air pollutants and greenhouse gas emissions
	3.4 Calculation methods

	4 Results
	4.1 Trip data and energy consumed
	4.1.1 Diesel-electricity proportions

	4.2 External costs
	4.2.1 Fuel costs
	4.2.2 Trip costs

	4.3 Passenger capacity sensitivity analysis

	5 Discussion
	5.1 Externalities and costs
	5.2 Accounting for external cost
	5.3 Implications of fossil fuel future
	5.4 International implications
	5.5 Limitations
	5.5.1 Damage costs for Iceland
	5.5.2 Estimates of the main data
	5.5.3 Additional excluded externalities
	5.5.4 Further studies


	6 Conclusion
	References
	Appendix

