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Abstract
Paris Agreement’s chief objective is to protect the Earth and its inhabitants from a point
of no return, when the effects of climate change will be so intense that they will shift the
equilibrium of ecosystems. The distinctiveness of this international environmental treaty is that
it does not impose climate change mitigation measures, but rather allows nation states to create
their own set of measures, the NDCs, to reach the global warming of ‘well below 2oC’ by the end
of the century. Thus, Iceland has submitted its own NDC, the Climate Action Plan 2018-2030,
which has an ambitious goal of reducing the state’s overall GHG emissions by 35% by 2030.
One of the two main objectives to achieve this is through GHG emission reductions from land
transportation. This paper therefore investigates what is the most fitting path for Iceland to
transition to the non-conventional vehicles while simultaneously reducing its carbon footprint.
In order to achieve this, three types of non-conventional vehicles and their current
implementation in Iceland were investigated: Battery Electric, Compressed Natural Gas and
Hydrogen Fuel Cell Electric vehicles. In the analysis of how suitable the three vehicle types
would be for the unique conditions of Iceland and the plausibility of the transition to the nonconventional vehicles the following factors where investigated: price per service, cost of
transition, adaptability to the country and the emissions reduction potential. The conclusion of
the paper is that the current measures of the Icelandic national and local governments to
implement a diverse mix of non-conventional vehicles are correct, however, due to Iceland’s
unique resources there should be more investment in the hydrogen fuel and HFCEV sector.

Key words: alternative fuel, BEV, carbon neutrality, Climate Action Plan 2018-2030,
climate change, CNG, electric vehicle, HFCEV, hydrogen, Iceland, methane, NDC, nonconventional vehicle, Paris Agreement.
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AFV

Alternative Fuel Vehicles

AMV

Atlantic Multidecadal Variability Index

BEV

Battery Electric Vehicles

CAP

Climate Action Plan 2018-2030

CNG

Compressed Natural Gas

COP

Conference of the Parties

EU

European Union

EV

Electric Vehicles

GHG

Greenhouse Gas

GWP

Global Warming Potential

H2ME

Hydrogen Mobility Europe

HFCEV

Hydrogen Fuel Cell Electric Vehicles

ICE

Internal Combustion Engine

IPCC

Intergovernmental Panel on Climate Change

NDC

Nationally Determined Contribution

RCP

Representative Concentration Pathway

TNC

Transnational Corporation

UNFCCC

United Nations Framework Convention on Climate Change
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Introduction
Climate Change
Historically, climate has been altering persistently (Hansen & Lacis, 1990). Yet the
alterations in the global long-term weather patterns that have occurred since mid-20th century
have been happening at an unprecedented rate (Höök & Tang, 2013). The culprit is
anthropogenic intrusion into the natural climate balance, simply referred to as anthropogenic
climate change. Since the industrial revolution, in the early 1800s, humans have been burning
fossil fuels for industrial purposes and engaging in other large-scale commercial activities such
as agriculture, which emit greenhouse gases (GHG): CO2, CH4, CFCs, HFCs, N2O (Hansen &
Lacis, 1990). These actions made humans become geological agents (Oreskes, 2018). Despite
their upmost importance to keep the planet Earth at a livable temperature for humans, once the
concentration of GHG increases above the naturally maintained balance their capacity to trap
infrared radiation results in the increase of the planet’s average temperature (McCarthy et al.,
2001). The anthropogenic contributions resulted in increase of the atmospheric GHG
concentration by 1/3 since the preindustrial times (Nunez, 2019). The most prominent
anthropogenically produced GHG is CO2 as it added up to 78% of all GHGs emitted from fossil
fuel combustion and industrial activities from 1970 to 2010 (IPCC Core Writting Group, 2014).
Its atmospheric concentration is represented by the Keeling Curve and currently (November
2020) is at 411 ppm as opposed to 313 ppm when the first measurements were conducted in
1958 (UC San Diego, 2020). According to the Intergovernmental Panel on Climate Change Fifth
Assessment Report there is ‘almost a linear’ correlation between atmospheric concentration of
CO2 and increase in global temperatures (IPCC Core Writting Group, 2014), thus the
unprecedented average warming of the planet by anywhere between 0.8oC to 1.2oC (Masson-
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Delmotte et al., 2018). Moreover, the three decades from 1983-2012 were the warmest thirtyyear period on record in the past fourteen centuries (IPCC Core Writting Group, 2014).
Likewise, 2016 has been documented as the warmest year on record globally (NASA News &
Feature Releases, 2017). Since, Earth as a system is driven by countless feedback loops (Donges
et al., 2018), the increase in average global temperature has resulted in: uptake in ocean acidity,
sea-level rise, retreat of glaciers, melting of ice sheets, sea ice loss, heat waves, wild fires and
droughts (IPCC Core Writting Group, 2014).
Despite the fact that since early 2000s there has been a scientific consensus of 97% on the
anthropogenic nature of the currently occurring unprecedented climate change (Oreskes, 2018),
the portrayal of the issue by the media, politicians and transnational corporations (TNCs) has led
the people to believe that there is a debate and much more uncertainty than there scientifically
is about the occurrence of anthropogenic climate change (Cook et al., 2013). The misinformation
on scientific consensus is one of the chief reasons for the impeded way in which mitigation
measures, any actions that aim at reducing GHG concentration in the atmosphere, are
implemented on both the global and local level (Oreskes, 2018). If the IPCC Representative
Concentration Pathway (RCP) 8.5 scenario, which assumes constant increase in GHG emissions
by 2100 and would result in global temperatures rise by as much as 4oC and 936 ppm
atmospheric concentration of CO2, is to be avoided and a pathway closer to RCP 2.6, that aims
for peak of emissions in 2020, 2oC warming and negative CO2 emissions by 2100, is to be met,
then acknowledgement of the scientific consensus by global and local leaders is of upmost
importance (Meinshausen et al., 2011).
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Paris Agreement
Paris Agreement is the most recent international legislation that aims at combating
climate change. It was agreed upon during the 21st Conference of the Parties (COP 21) to the
United Nations Framework Convention on Climate Change (UNFCCC) in Paris on December
12th, 2015. The treaty entered into force almost a year later, on November 4th 2016, following its
ratification by states accounting for 55% of global GHG emissions (UNFCCC, 2017).
Paris Agreement has been described by Ban Ki-Moon, former Secretary General of the United
Nations, as a ‘monumental triumph’ (UN News, 2015) because it has been signed by 197
national government representatives and to date approved by 189 states (UNFCCC, 2020).
The chief proposition of the Paris Agreement is international cooperation towards
maintaining global warming ‘well below 2oC’, with the intentions of achieving 1.5oC warming in
relation to the preindustrial times by the end of the 21st century. The implementation method of
the Paris Agreement is through Nationally Determined Contributions (NDCs) (Paris Agreement,
2015). The idea behind the NDCs was that countries will participate in a competition of sorts,
trying to propose and implement very radical reductions in GHG emissions (Seo, 2017). NDCs
allow each signatory to develop their own plan of emission reduction for 5-year periods,
following which the strategy is to be reviewed and new, ideally stricter, emissions plan is to be
introduced (Paris Agreement, 2015). The first, ‘global stocktake’, which is a Paris Agreementwide assessment of the NDCs, is scheduled for 2023 (UNFCCC, 2017).
Despite being a landmark legislation, Paris Agreement has received significant criticism
due to the lack of common strategies towards GHG emissions reduction, abundance of freedom
in creating NDCs by national governments and lack of accountability as well as enforcement
mechanisms for not meeting the goals stated in the NDCs (Seo, 2017).
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Climate Change in Iceland
Iceland’s belonging to the Arctic is often debated due to the country’s climate that is
unusual for the latitude, which it owes to the warm air brought by the Gulf Stream (Taylor,
1996). However, if Iceland’s membership in the Arctic were to be determined purely by the
intensity of climate change it is experiencing, it would be a member of the Arctic. Namely, in the
past few decades Iceland has been experiencing increase in average temperature three times the
magnitude of the global average temperature change (Scientific Committee on Climate Change
of Icelandic Metorological Office, 2018). This phenomenon is known as the Arctic
Amplification and it is caused by the decrease in albedo effect associated with melting of ice
sheets and sea ice in the polar region which results in the increase in absorption of heat by the
formerly white, heat-reflecting surfaces (Serreze et al., 2009).
Since 1987, Iceland has experienced temperature increase of 0.47oC a decade (Scientific
Committee on Climate Change of Icelandic Metorological Office, 2018). This warming has
reflected in the 21st century having three of the five warmest years on record (Olafsdottir, 2020).
According to the Icelandic MET Office, 50% of the warming can be attributed to the
anthropogenic factors, while the remaining 50% is due to natural regional climate adhering
factors such as the Atlantic Multidecadal Variability Index (AMV) (Scientific Committee on
Climate Change of Icelandic Metorological Office, 2018).
Alike other polar regions Iceland is and will be facing both benefits and losses associated
with climate change. The primary benefit is correlated with the increase of ocean surface
temperatures, as with their warming the fishing industry (second largest contributor to the
Icelandic GDP) will benefit from cod’s changing habitat range, which might result in
approximately 50% increase of cod sustainable yield around the island (Arnason, 2007).
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The increase in annual average temperatures has resulted in growth of plant productivity of up to
9% within the past 30 years, which allows for greater reforestation plans and cultivation of more
crops (Scientific Committee on Climate Change of Icelandic Metorological Office, 2018).
Conversely, the increase of annual average temperature during the last few decades in Iceland
has resulted in accelerated melting of glaciers, which cover approximately 11% of the country
(Jóhannesson et al., 2013). Icelandic MET estimates that by 2100 or the latest 2200 Iceland will
have no glacier cover which has both short-term and long-term impacts on the geological
landscape of Iceland. Glacial retreat will result in change of riverbeds, more frequent landslides
and volcanic eruptions (Scientific Committee on Climate Change of Icelandic Metorological
Office, 2018), all of which pose danger to health and life of humans, animals and plants thriving
in Iceland.
Iceland is not solely responsible for climate change and the effects it has on its natural
capital. It is rather suffering from the fossil fuel driven development occurring globally.
Nevertheless, despite having one of the least fossil fuel heavy economies, Iceland aims to lead by
example by implementing state of art solutions towards carbon neutrality.

Icelandic Climate Action Plan
The Prime Minister of Iceland, Katrín Jakobsdóttir, introduced the Climate Action Plan
2018-2030 (CAP) during a conference she co-hosted with six Ministers from her cabinet in
September 2018. Jakobsdóttir announced that CAP is the Icelandic NDC to the Paris Agreement
and that her government’s goal is to achieve the European Union’s (EU) and Norway’s threshold
of decreasing GHG emissions by 35% of the 2005 level by 2030. Additionally, the plan
introduces an ambitious goal of achieving carbon neutrality by 2040 (Ministry for the
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Environment and Natural Resources, 2018). Following its introduction, the CAP was opened for
interpretation and suggestions from experts and citizens.
Iceland stands out among developed countries for its green electricity sector powered by
geothermal and hydropower energy sources. Thus, its GHG emissions originate from: industry
42%, transport 33%, agriculture 13% and waste management 5%. Such a distribution of the
GHG emissions is the cause for the CAP’s focal points:
a) phasing out of fossil fuels combustion in land and sea transportation;
b) increase of carbon sequestration in land use.
In order to achieve this, CAP consists of 49 goals organized in four categories: clean energy in
transportation, clean energy transformation in other sectors, climate mitigation in land use and
forestry, other measures (Ministry for the Environment and Natural Resources, 2018). Scale of
this undertaking is best put into perspective by considering the budget Jakobsdóttir’s government
has allocated for implementation of the CAP. In the period from 2020-2024 there are
ISK 46 billion available for the CAP related investment (Ministry for the Environment and
Natural Resources, 2020), which is roughly 2% of Iceland’s GDP in 2019 (World Bank, 2019).

Non-Conventional Land Transportation
Land transportation vehicles currently on the market can be divided into two groups
determined by their power source: internal combustion engine (ICE) and electric propulsion
system vehicles. The ICE category encompasses both conventionally powered and nonconventionally powered vehicles, namely ICE vehicles can be separated into:
a) conventionally powered: those combusting petrol and diesel (Struben & Sterman, 2008);
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b) alternative fuel vehicles (AFVs): those combusting biofuel, autogas, natural gas, alcohol
(Caban et al., 2013).
For the purpose of this study the term non-conventionally powered will be used in order to refer
to both alternative fuel powered vehicles as well as the electric propulsion system vehicles,
which include Battery Electric Vehicles (BEV) and Hydrogen Fuel Cell Electric Vehicles
(HFCEV) and are often referred to as zero-emissions vehicles (Struben & Sterman, 2008).

Research Question
As pointed out by the CAP the largest concern of the Icelandic policy makers, pertaining
to achieving their Paris Agreement commitments, is the reduction of GHG emissions from land
transportation (Ministry for the Environment and Natural Resources, 2018). Due to the
prominence of hydropower and geothermal sources in energy production, the transport sector
remains the most GHG-emitting sector of energy production in the country (Friðleifsson, 2020).
Moreover, the sparse population of the island along with a rather underdeveloped long-haul
public land transportation system (Ministry for the Environment and Natural Resources, 2018)
are the drivers for Iceland to place fifth globally in terms of number of cars per capita with 824
registered vehicles per 1,000 citizens in 2016 (Guðjónsdóttir, 2018). The spike in the number of
vehicles is strictly correlated with the increase of Iceland’s population which grew by 30% since
1990, in the same period the vehicle fleet has risen by 78% (Ministry for the Environment and
Natural Resources, 2018).
In 2018, transportation contributed 33% of the GHG emissions in the country, however,
the same year saw the beginning of the introduction of the CAP and the results of the mitigation
strategies included in the CAP can already be seen in the vehicle registration patterns.
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March 2020 was the record month in terms of BEV registration in Iceland, with 41% of all
newly registered vehicles being BEV and the overall number of non-conventionally powered
registered vehicles totaling 10% of all registered vehicles (Ministry for the Environment and
Natural Resources, 2020).
The promptness of the response suggests that Icelanders are ready for the energy source
shift in land transportation and that the Jakobsdóttir’s government has chosen incentives that are
attractive enough for the citizens to be willing to give up their transportation habits. Interestingly,
among the available non-conventional fuel powered vehicles the most prominent are the BEV,
with 2,168 as compared to 38 CNG vehicles and no HFCEV registrations in the first three
quarters of 2020 (Samgöngustofa, 2020).
Intrigued by these results, I intend to study which non-conventional vehicle type will be
the most beneficial for Icelanders in the long-term to help them achieve both the Paris
Agreement NDC GHG emissions reduction as well as carbon neutrality by 2040. My research
question therefore is:
What is the most fitting non-conventional vehicle for Iceland in order to achieve its climate
change mitigation commitments encompassed in the Icelandic NDC to the Paris Agreement?

Ethics
My research is based on literature review; therefore, I have not conducted any
experiments with animal and human subjects. I did, however, consult numerous experts in the
field of environmental policy, climate change and energy in Iceland, some of whom are
distinguished in the acknowledgements section. The communication occurred via e-mail and
telephone calls, and I always remembered to be considerate of my consultant’s time and thank
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for the assistance I have received. In both cases, the literature review and one-on-one
consultations, my primary ethics consideration was to correctly grant credit to the authors of the
works I have analyzed in order to construct this paper. In order to ensure proper recognition,
I have included in text citations throughout the paper and a full list of referenced materials
following the conclusion of this work.
As a visiting researcher, I have to acknowledge my limited knowledge and understanding
of Icelandic language and culture. The foremost striking limitation is my inability to speak and
read Icelandic, which resulted in the fact that all the peer reviewed journals and field specific
literature that became the building blocks for this paper were written in English. My lack of
fluency in Icelandic prevented me from studying scholarly work that would include the local
perspective on the transition to the non-conventional fuels in land transportation. Nevertheless,
I think that the travels I have conducted around the island and the personal interactions I have
had with Icelanders give me enough of an understanding of the country to embark on this
project. Lastly, a perspective of a foreigner, thus someone who does not hold biases connected to
local politics or economics, might in fact allow me to have a more objective approach towards
the issue at stake than a person native to Iceland would have.

Methods
Since my project is primarily a literature review; therefore, my methods were restricted to
research of reputable online sources which could provide me with valid and credible information.
In the process, I utilized the following search engines: Center for International Environmental
Law, Ecolex, Google Scholar, GreenFILE, JSTOR, Nexis Uni, the United Nations Library and
Web of Science. Some of the phrases which I researched are: “alternative fuels”, “climate
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change”, “carbon neutrality”, “CNG powered vehicles”, “electric propulsion”, “electricity
powered vehicles”, “GHG emissions”, “hydrogen economy”, “hydrogen vehicles”, “Iceland’s
Climate Plan”, “Iceland’s emissions”, “Iceland NDC”, “internal combustion engine”, “nonconventional vehicles”, “Paris Agreement”, “sustainable public transportation”, “sustainable
transportation”, “transportation in Iceland”. The types of publications which I have considered
valuable for my project were: articles published in peer-reviewed journals, peer-reviewed books,
international treaties, datasets managed by international organizations and national governments,
documents and reports published by non-governmental organizations, intergovernmental
organizations and national governments. During the research I have taken extensive notes, that
helped me develop general themes that were instrumental in generating my research question and
answering it throughout this paper.
Additionally, to the online research, in the cases where I could not find the necessary
information online, I have reached out to the appropriate ministries, governmental agencies, and
experts in the field of sustainable development and energy policy. A representative from
Ministry for the Environment and Natural Resources provided me with a full version of the CAP;
a member of the MET Office shared with me a list of the average warmest years in Iceland;
director of the Energy Agency directed me towards a dataset on vehicle registration as well as
a report on taxation as an incentive for the shift towards AFV. The aforementioned individuals
provided me with datasets and reports majority of which were in Icelandic. Due to these sources
significant value for my research I have translated them using Google Translate, which does pose
some threat to the inaccuracy of the qualitative data. However, most of the information
I obtained from these sources was quantitative data, thus, the probability of their message being
lost in translation was much lower. Moreover, I have insured to translate single sentences or in
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some cases even separate words as opposed to entire paragraphs, in order to achieve the most
accurate translation given the resources I had available.
Following the literature and data review I have developed a framework which aims at
assessing which type of non-conventionally powered vehicles is the best solutions for Iceland’s
land transportation transition towards carbon neutrality. The following are the four composite
indicators considered for the framework:
1. Price- is a measurement of cost per 100km travelled and solely looks at the fuel
expenses associated with traveling the above-mentioned distance.
2. Cost- the price of transition from the currently owned vehicles to the nonconventional vehicle.
3. Adaptability- an extent to which a given type of a non-conventionally vehicle is
appropriate for the unusual land transportation conditions in Iceland. This
indicator considers such factors as: range, refueling, and road infrastructure.
4. Emissions- is the environmental aspect of the non-conventionally powered
vehicle. The emissions investigation is for GHG only, with specific focus on CO2
as the largest contributor to anthropogenic climate change. It not only
encompasses the tail end emissions but also the GHG emissions associated with
the vehicle production and utilization.

Results
Hydrogen Fuel Cell Electric Vehicles
The first consideration of hydrogen use as a fuel for vehicles dates back to the 1970s
when NASA scientists wanted to commercialize the fuel which has been used for space ships
since the inception of space explorations (Ringland, 1994). However, due to the large cost of
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hydrogen production it was not until 2003, when the first hydrogen fuel station in the world was
built, which consequently allowed for hydrogen to start being used as a commercially available
fuel (Salameh, 2009).
HFCEV are electric vehicles but unlike BEV, their source of energy is produced on board
owing to a hydrogen fuel tank and a reaction taking place in the hydrogen fuel cell (Fig.1). The
two necessary chemical substances in electricity production are: H2 and O2. The hydrogen is
supplied from the hydrogen tank on board the vehicle, and oxygen is sourced from air through
the cooling system. From the tank hydrogen is released to a platinum catalyst, also known as the
anode, where the negatively charged electrons are separated from the positively charged
hydrogen atoms in the following reaction (Colpan et al., 2018).
2𝐻! → 4𝐻" + 4𝑒 #
The hydrogen atoms then pass through a proton exchange membrane, also known as electrolyte.
Since the membrane can only be passed by positively charged protons, therefore the negatively
charged electrons move to a different outlet. The transportation of electrons is electricity,
thus through the boost converter, that increases their voltage, the electrons arrive in the power
control unit and depending on the car’s energy requirement they are either moved further to the
electric motor or returned to the battery where they can be stored for further use (Fig.2).
Following the work, they have conducted the electrons return to the fuel cell, beyond the
membrane, where they react with the positively charged hydrogen atoms to return to their initial
state of hydrogen gas. The hydrogen gas particles then travel over to the cathode, where they
react with O2 creating the only byproduct of the electricity production in a HFCEV- water vapor
(H2O), which is released through the tail pipe (Colpan et al., 2018).
𝑂! + 4𝐻" + 4𝑒 # → 2𝐻! 𝑂
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Figure 1 Fuel Cell

Figure 2 Key components of a leading FCEV Toyota Mirai (Sharman, 2015).
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Emissions from HFCEV:
To fully understand the emissions associated with hydrogen vehicles, one has to consider
the holistic emission associated with the vehicle production not just the tail end emissions
released while a vehicle is driving. For the purpose of this study the emissions associated with
GHG, and carbon dioxide specifically, will be given more attention, however, the ones
pertaining to heavy metals or ozone depleting substances will be also pointed out. The overall
lifecycle carbon footprint of a HFCEV is 15.5 tones of CO2, if fuel is sourced from a renewablepowered process of electrolysis, not the carbon-heavy gasification procedure. The initial
emissions from producing a HFCEV are predominantly related to the rare metals as well as
engineering solutions applied in the production process. Due to the strength and thickness of the
steel that makes up the hydrogen tank required to store the highly flammable gas safely, the
production process is the most GHG emitting in the HFCEV life cycle with 44% of the vehicle’s
total emissions (Bicer & Dincer, 2017). The production of one HFCEV results in emissions of
approximately 6.8 tons of CO2 (Low Carbon Vehicle Partnership, 2015).
The emissions originating from hydrogen as a fuel for a HFCEV are much more
complicated to investigate. The production of hydrogen is an energy heavy process and the
source of energy used along with the distance traveled by the fuel from the production site to the
fuel station determines its GHG emission level. In the best case, most environmentally friendly,
scenario hydrogen is produced from water in a process of electrolysis which yields hydrogen and
oxygen from water particles.
2𝐻! 𝑂 → 2𝐻! + 𝑂!
A renewable resource such as hydropower or solar power is used in the process thus there are no
hidden GHG emissions at the fuel production site (Bicer & Dincer, 2017). Same process but
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with a fossil fuel energy source would yield as much as 22,100 tons of CO2 for 1 million cubic
feet of hydrogen (Rapier, 2020). The gasification process, which is the conversion of a methaneincluding natural gas into CO2 and hydrogen gas is the most common and most GHG-heavy
form of hydrogen production due to the fact that it requires temperatures of 700-1000oC
(Bartolozzi et al., 2013).
𝐶𝐻$ + 𝐻! 𝑂 → 𝐶𝑂 + 3𝐻!
𝐶𝑂 + 𝐻! 𝑂 → 𝐶𝑂! + 𝐻!
In this process production of a ton of hydrogen emits 11.9 tons of CO2 (International Energy
Agency, 2019). If a lifecycle of a car is considered, then such emissions would result in
additional CO2 emissions of 23.8 tons (Tanç et al., 2019).
Disposal of the HFCEV is the last source of pollution in the vehicle life cycle. In the case
of a HFCEV the major source of emissions in the disposal process originates from recycling of
the battery. There have not been many studies conducted on the environmental impact of
HFCEV disposal, however, considering the technical properties of the car it is expected to
produce approximately 2 tons of CO2 (Lewis et al., 2014).

HFCEV in Iceland:
Iceland has in fact been a precursor of hydrogen technology in vehicles since early 2000s.
Reykjavik is home to the first commercial hydrogen refueling station in the world, which was
opened by Shell Hydro in April 2003 (Salameh, 2009). The capital of Iceland was also one of
the first cities globally to run three HFCEV city buses as a part of a EU project ECTOS from
2004 to 2006 (Skúlason, 2008).
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Currently, another EU project, Hydrogen Mobility Europe (H2ME), is being
implemented in Iceland (FuelCellsWorks, 2019). As a part of H2ME 24 passenger HFCEV have
been introduced in the Reykjavik greater area since 2016. To provide infrastructure for the cars
the EU partially funded ON Power’s creation of two more hydrogen fuel station in 2018 and
2019 respectively. The hydrogen sold at these two as well as the first station is produced
domestically at a geothermal power station, Hellisheiði, outside of Reykjavik (Islenska Nyorka,
2020). The EU’s H2ME project is not yet concluded but has already been yielding results.
According to Jón Björn Skúlason, a General Manager at Icelandic Energy Ltd., despite only
one car manufacturer providing the Icelandic market with HFCEV and no resale market of
thereof, five hydrogen cars have already been bought by private citizens and businesses since
launch out of the third hydrogen refueling station and there are ten more cars to be delivered
by the end of 2020 (Skúlason, 2020).
The future of HFCEV in Iceland is rather propitious. Iceland’s initial contributor to the
hydrogen revolution, public transportation company Straeto, is participating as an observer in
the EU JIVE II program and according to the CEO is keen to actively participate by
partially switching their fleet to HFCEV buses in the next edition of JIVE, once the bus prices
will be more affordable (Rúnarsson, 2020). To meet the demand of Icelanders willing to
switch to HFCEV outside of the capital there are plans to build a second hydrogen plant in
Ljósifoss. This establishment would produce fuel for HFCEV using electrolysis and energy
from hydropower. Due to its location 70 kilometers from Reykjavik it could swiftly deliver
fuel to the hydrogen fuel station planned to be built beyond the capital area (Baldvinsdóttir,
2020). In order to achieve this, Icelandic New Energy issued a proposal that includes every
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major town in Iceland with at least one hydrogen refueling station, which would allow for
cross country travel in a HFCEV by 2030 (Fig.3) (Islenska Nyorka, 2020).

Figure 3 Proposed locations for hydrogen refueling stations across Iceland by 2030 (Islenska Nyorka, 2020).

Battery Electric Vehicles
BEV are in fact not a development of recent engineering mastery. The first electric cars
were cruising the streets of late 19th century metropolis before Henry Ford and Karl Benz began
the mass manufacturing of ICE vehicles (Schiffer, 1994). Back in the early decades of the 20th
century it was the available vehicle-related technology as well as the publicly accessible
electrical grid, or rather lack thereof, that did not allow for the initial success of electricity as the
power source for vehicles (Matulka, 2020). The literature along with the trends on the highways
suggests that 21st century is the time for BEV prominence.
The present-day BEV have three essential components that contribute to their simple but
energy efficient working. Firstly, the power source which is a lithium-ion battery pack most
often located in the floor compartment of the vehicle is where the DC energy from charging is
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stored. The energy from the battery is forwarded to the controller which is known as a “brain of
the cell” due to their crucial role in the process of energy transfer. The controller is responsible
for inverting the DC electricity originating from the battery back to the motor-acceptable AC
electricity. The controller is also administering the level of electricity required by the motor
depending on the current road situation, which is a crucial factor in the high energy efficiency
that characterizes BEV (Larminie & Lowry, 2012). The motor is where the energy is translated
from electrical power to physical energy. The motor is the most diverse part of the drivetrain
across different types and brands of BEV. The most common types are the one per axle motors
(applied by Toyota) followed by the ones that are in the ICE location (used predominantly in
early Nissan designs) and some experimental ones such as the one per wheel (introduced by
Mercedes Benz) (Xue et al., 2008). A different type of an electric motor is that in the Tesla
BEV, where the engineers applied Nikolas Tesla’s discovery of the induction engine driven by
the four poles to make the most physical energy from electricity (Gor et al., 2016).

Figure 4 Key components of a BEV (US Department of Energy, 2018)
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Emissions from BEV:
The BEV might seem as having a less climate change causing effect due to the physical
lack of an exhaust pipe, unlike the HFCE and CNG vehicles. Nevertheless, throughout its
lifetime the BEV produce a significant amount of GHG primarily during its production, from the
fuel source as well as the disposal of the vehicle and its spare parts (Hawkins et al., 2013).
Half of the lifetime emissions, which overall add up to approximately 18.5-19.1 tones of
CO2 depending on the size and materials used by the manufacturer (Low Carbon Vehicle
Partnership, 2015), are released during the production phase of a passenger BEV. The BEV have
in fact a much larger footprint than the ICE vehicles due to the carbon-heavy lithium ion battery
production process which contributes to 35-41% of the BEV production phase emissions. The
following most carbon polluting parts of the BEV are the converter (18% of pollution) and the
motor (7% of GHG emissions) (Hawkins et al., 2013).
The next determinant of the lifetime emissions from a BEV is the source of the
electricity at the charging station. The most climate change mitigating source of electricity is
renewable energy, and the one which puts the BEV at the highest GWP benefits of up to 29%.
If the BEV is to be charged from an average European socket, which consists of the following
energy breakdown: 27% nuclear, 24% coal, 23% natural gas and 21% renewables (European
Environment Agency, 2017), then the GWP benefit is 20%. In the case of natural gas as the
source of electricity the BEV GWP benefit decreases to 12%. The worst-case fuel scenario
occurs in the case of a predominantly coal use for the production of electricity that charges the
BEV as it increases the GWP by up to 27% compared to a petrol or diesel vehicle of the same
size (Hawkins et al., 2013).
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Even though the utilization of a BEV, if accompanied by renewably sourced electricity,
has almost no environmental impact in the form of GHG emissions, disposing of the BEV does
consist of larger emissions of CO2 due to the complicated disposal and inability to recycle of the
over 200-kilogram lithium-ion battery. The emissions from disposal of an average sized BEV are
within the 30-40% range of the lifetime emissions totaling 3.8 tons of CO2 (Lewis et al., 2014).

BEV in Iceland:
The transition to BEV began in Iceland with an introduction of a tax on fossil fuels,
which by many is referred to as the carbon tax, on January 1st 2010 (Ministry for the
Environment and Natural Resources, 2018). The aim of the tax, which has been subsequently
raised four times, is to discourage Icelanders from buying more gasoline and subsequently search
for alternative vehicle options, which are powered by more affordable sources such as abundant
in Iceland electricity (Ministry for the Environment and Natural Resources, 2018).
Accompanying the carbon tax, the Government of Iceland has introduced multiple tax breaks for
those who decided to purchase BEV. These measures include: no VAT on BEV, no import tax
on any non-polluting vehicles including BEV, and the lowest biannual registration fee for
vehicles with tail end emissions below 120g per kilometer (Kjartansdóttir, 2018).
The afore mentioned measures have resulted in Iceland having the second largest share of
BEV in their new car registrations in the European Economic Area in 2017, falling behind only
Norway (Cazzola et al., 2018). First BEV were registered in Iceland in 2011, and since then the
number has grown from 11 to 4,858 vehicles in 2020 (Fig.5) (European Alternative Fuels
Observatory, 2020). Moreover, 2020 has been an exemplary year in terms of new BEV
registrations, with 41% of the newly registered passenger cars in March being BEV (Ministry for
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the Environment and Natural Resources, 2020). Such an uptake in the number of BEV in the
country is not only due to the tax related incentives. Another significant contributor to the
increase in mobility of Icelanders was the deployment of 210 million ISK by the Ministry of
Infrastructure for the development of charging stations across the country by the two main
energy companies ( Ministry for the Environment and Natural Resources, 2020), Orkusalan and
Orka Natturunnar (Fig.6&7), which resulted in every municipality having a charging station by
2019, just two years after the introduction of the project (Orkusalan, 2020). Thus, today Iceland
has a full charging coverage owing to 318 charging points along the coast (Fig. 8) and can offer
overall range anxiety free experience (European Alternative Fuels Observatory, 2020).
The future of BEV in Iceland in the recent light of unfrequently high numbers of
registration and the available infrastructure is looking promising. According to the CAP, the new
important solutions on the BEV market will be to require rental companies to only purchase
BEV (Ministry for the Environment and Natural Resources, 2020). This is essential as due to the
prominence of tourism in Iceland, rental cars contribute to quarter of the GHG emissions from
transportation in the country. Additionally, after two to three years in service the cars bought for
the rental companies are sold as second-hand vehicles on the local market. Thus, requiring that
of the rental companies would allow for the Icelandic fleet to move towards BEV in the medium
term at a faster pace (Ministry for the Environment and Natural Resources, 2020). Overall, the
role of rental cars will be essential in achieving the long-term goal of 40% share of BEV in the
Icelandic fleet by 2030 (Ministry for the Environment and Natural Resources, 2018).
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Figure 5 Total number of BEV in Iceland 2012-2020 (European Alternative Fuels Observatory, 2020)

Figure 6 Map of ON built BEV charging stations in Iceland (Orka Náttúrunnar, 2020).
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Figure 7 Map of all the charging stations built by Orkusalan in Iceland (Orkusalan, 2020)

Figure 8 Number of Electric Vehicles Charging Stations in Iceland 2014-2020 (European Alternative
Fuels Observatory, 2020)
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Compressed Natural Gas Vehicles
Unlike the previous two non-conventional vehicles, the CNG powered cars are an
alternative that involves ICE. CNG vehicles became widely popular during the oil crises of the
1970s, despite their first introduction in the 1930s (Khan et al., 2015). Their spike in popularity
was largely due to the ease of transforming any gasoline powered vehicle into the CNG one
powered by methane gas, known as the bi-fuel solution, with the only limitation being the loss of
trunk space for the gas tank. Aside from the dual powered solution many mainstream car
manufacturers produce solely CNG-powered vehicles that still have a small gasoline tank to
reduce range anxiety (Hesterberg et al., 2017).
The engine working of a CNG vehicle does not differ much from an ICE vehicle powered
by fossil fuels (Fig. 9). Starting from the very beginning of the fuel distribution process then the
gas, which is stored in a voluminous tank, usually located in the trunk of the car due to the size,
is piped through highly pressurized lines to the regulator. The regulator is responsible for
balancing the pressure of the gas to adjust it to the one required by the vehicle’s fuel injection
system. Once this is achieved the fuel is moved through the solenoid valve to the vehicle’s fuel
injection system, which delivers the depressurized gas to the engine. In the engine itself, the gas
just like gasoline, is ignited in the combustion chamber after being mixed with air.
The combustion chamber is the area where cylinders work in order to create energy, which then
allows the car to move forward (Vávra et al., 2017).
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Figure 9 Model of a bi-fuel CNG/petrol vehicle (U.S. Department of Energy, 2019)

Emissions from CNG vehicles:
For the purpose of clarity, the investigation of lifetime emissions from CNG vehicles will
be focused solely on CNG primary fueled vehicles not their bi-fuel version. CNG vehicles have
a lower GWP than their gasoline and diesel counterparts by 29% and 22% respectively (Khan et
al., 2015).
In terms of the lifetime emissions breakdown, when compared to a conventional ICE
vehicle, CNG vehicles do show a higher GHG emissions at the production level. This is, alike in
the case of HFCEV, due to the steel tank in which the gas is stored. The production of a CNG
vehicle therefore is correlated with emissions of approximately 6.3 tones of CO2, which is
slightly over a third of lifetime emissions of a CNG vehicles that add up to 21 tons of CO2 (Low
Carbon Vehicle Partnership, 2015).
The exploitation of a CNG vehicle, unlike in the case of HFCEV and BEV, results in tail
end emissions, therefore the most GHG emissions in a CNG vehicle occur during its usage.
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Nevertheless, the emissions originating from burning of CNG in an ICE vehicle are significantly
lower than if the alternatives, gasoline or diesel are used, the benefit for the environment is
2.65 kg of CO2 emissions saved on every gallon of gasoline replaced with CNG (Khan et al.,
2015). Additionally, beyond its lower CO2 emissions the chemical properties of CH4, which
CNG consists of in 99.5% (Dimopoulos et al., 2008), result in 50-80% reduction in NOX
emissions, depending on vehicle size and load, in comparison with a gasoline-powered vehicle.
Moreover, unlike burning of gasoline and diesel fuels, CNG does not emit particulate matter
(PM2.5 and PM10) which does not directly reflect on climate change but does cause severe
respiratory illnesses (Khan et al., 2015). Lastly, as mentioned previously, CNG is predominantly
made of CH4, which in many cases if not harnessed for the purpose of CNG production or sealed
properly in landfills or from agricultural waste, would escape to the atmosphere, where it has
hundred times the heat trapping potency of CO2, which is emitted in the result of CNG burning
in vehicles (Chynoweth et al., 2001). Thus, overall CNG is considered as the cleanest
combustion fuel (Northwest Gas Association, 2013).

CNG Vehicles in Iceland:
Iceland is distinct globally because all of the methane used as fuel is reclaimed from
a source which otherwise would have caused a significantly larger climate damage due to the
powerful radiative forcing of CH4 (Lampinen, 2013). The collection of methane for
transportation fuel purposes in Iceland has more than two decades long history. It started with
establishment of Metan hf in 1999 and the company’s subsequent investment in improving the
quality of landfill-originating methane, so that it could be used as fuel for CNG vehicles (Aubert,
2007). The source of the gas is Álfsnes landfill: a waste collection site located 30 km north from
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Reykjavik and serving the city’s waste disposal needs (SORPA, 2020). As a result of methane
capturing and purification from Álfsnes, first 21 CNG vehicles were imported to Iceland in 2000,
and were utilized by the Reykjavik City, Icelandic Post, Icelandic Telecommunication Company
and SORPA (Aubert, 2007). The initial success of these vehicles has resulted in development of
the methane infrastructure, through building a pipeline from Álfsnes to Reykjavik in 2003, which
allowed for establishment of four methane refueling stations across the city (European
Alternative Fuels Observatory, 2019). The availability of the infrastructure allowed Straeto, the
public transportation company, to introduce two methane powered buses in 2006, which have
been in operation since (Rangel Ortiz, 2013).
Beyond Reykjavik, the only other methane refueling station is located in the second
biggest town in Iceland-Akureyri. The station was opened much later than in Reykjavik, in 2014,
but since the lower prices and limited emissions along with tax benefits have attracted tens of
Akureyri residents to buy CNG vehicles or fit their cars with CNG installations (Kristjánsdóttir,
2016). Currently, the biogas harnessed from the landfill can be enhanced into methane that can
power 2,000-3,000 cars annually (Akureyri, 2019). Additionally, the city which since 2007 has
provided their residents with free public transportation (Iceland Review, 2008) has also invested
in reduction of carbon footprint of the service by purchasing its first CNG bus in 2016 (Vistorka,
2019).
The uniqueness of Iceland in terms of renewable sourcing of methane is also a major
weakness with regard to the long-term supply of the fuel. Methane, alike fossil fuels, is a finite
resource, and in it is projected to last till early 2030s from the two currently used landfills in
Reykjavik and Akureyri (Aubert, 2007) (Vistorka, 2019). A possible solution to maintain the
current fleet of methane vehicles and foster its growth at the current level (Fig. 10 ) would be to
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transform the landfill biogas factories into processing agricultural biogas into high quality
methane, which could be used as a power source in CNG vehicles (Metan hf, 2020).

Figure 10 CNG Vehicles in Iceland 2008-2020 (European Alternative Fuels Observatory, 2020)

Discussion
Price per Service Provided by a Non-Conventional Vehicles
To develop a holistic understanding of what is the most feasible vehicle solution in terms
of reducing Iceland’s carbon footprint it is crucial to consider the price per service offered by
each non-conventional vehicle type. Primarily, the importance of the price per service offered
should be considered due to the discounting that people naturally apply in their lives. As human
beings we tend to assign more value to the less important things, hence price per service offered
by a vehicle might be more important for many vehicle owners than the emissions from that
vehicle type. Therefore, to develop a comprehensive understanding of which is the most fitting
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non-conventional vehicle for Iceland to fulfill its NDC to the Paris Agreement it is crucial to
consider such a discounting related issue as price per service.
It is worth examining all the three vehicle types in terms of the service offered as
opposed to price per unit of fuel. The price per service is the cost of driving 100 km. The
comparison of vehicles in relation to price per unit of fuel is much more appropriate as it
considers the vehicle’s performance on a relative scale as opposed the skewed comparison of
different units of measurement for various fuels (Friðleifsson, 2020).
Due to Iceland’s abundance of cheap electricity originating from hydropower and
geothermal electricity, the most competitive non-conventional vehicle in terms of price of
service offered is the BEV. In Iceland specifically the cost of driving a BEV passenger car, given
one charges the car in one of the ON charging points, is ISK 455 per 100 km (Friðleifsson,
2020). Despite the potential for a relatively cheap price per service of BEV city buses with
100 km at a cost of ISK 4,112.5 as the average BEV city bus consumption is around 235 kWh
per 100 km (Yang et al., 2012), there are no BEV city buses in Iceland, due to their short range
and expensive purchase price (Rúnarsson, 2020). The second most economically fitting solution
is a CNG vehicle, which in the case of a passenger CNG or bi-fuel vehicle has a price per service
of ISK 1,192 as average CNG passenger car fuel consumption is 5.6 kg for 100 km (CNG
Europe, 2017). In terms of utility vehicles, city buses are the most commonly CNG powered
ones with consumption of 44.86 kg per 100 km which translates to a cost of ISK 9,555.8
(Oprešnik et al., 2018). Currently, the most expensive of the non-conventional fuels in Iceland is
hydrogen. Therefore, the service of a 100 km drive in a HFCEV passenger vehicle Toyota Mirai,
which is the most common HFCEV model in Iceland (H2.LIVE, 2019), costs ISK 1,322.4
despite the consumption of just 0.86kg of hydrogen per 100km (Skúlason, 2020). Likewise, the
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passenger vehicle the HFCEV city bus is the most expensive per service delivered out of the
three non-conventional vehicles available with a consumption of 9 kg of hydrogen per 100km,
which comes at a cost of ISK 15,660 (Hydrogen Europe, 2017).
Thus, from the vehicle options available the BEV the most worth the investment for
passenger vehicles if solely the price per service is considered, and CNG for city buses.

Cost of Transition to a Non-Conventional Vehicle
Mitigation of climate change through transition to less emitting, or zero-emission
vehicles is only possible if and when the group of people concerned are willing to undergo the
change. A study conducted by Borgsted et. al shows that after testing non-conventional vehicles,
HFCEV and BEV specifically, 75% of the drivers were willing to purchase a non-conventional
vehicles given the price was less than $40,000 (approx. ISK 5,520,000), which is not always the
price for a brand new non-conventional vehicle and the resale market in Iceland is very small in
comparison to conventional vehicles (Borgstedt et al., 2017).
The most economically accessible is a transition from a conventional to a CNG bi-fuel
vehicle. This is simply due to the fact that such a transition does not require a purchase of a new
car but rather only an installation of a CNG kit. An Icelander willing to have their gasoline
passenger car altered in this way would have to expect costs of around ISK 250,000 (Engerer &
Horn, 2010). Alternatively, CNG only powered cars are available in limited numbers on both the
new and resale passenger car market and such cars range from ISK 390,000 to ISK 3,500,000
depending on the brand and year of production, however, when compared with their
conventional equivalents, there is no significant difference in price between the two (Rögg,
2020). The purchase of a CNG city bus, unlike the passenger cars, is more expensive by 8-15%,
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depending on the configuration and brand of the CNG bus, however, due to the lower
consumption the CNG buses even out this difference after 3 years in service and for the
remaining years in use become cheaper than their conventional alternatives (Clean Energy,
2018).
The BEV, due to their increasing popularity in the country, are the second most
affordable option with passenger cars on the resale market starting at ISK 1,100,000 and
reaching up to ISK 3,500,000 (Rögg, 2020), and new cars within the ISK 5,000,000-12,000,000
range (Tesla, 2020). The most expensive of the three, alike in the case of price per service, is the
HFCEV. There are no HFCEV available on the resale market in Iceland and the only car
manufacturer which sells HFCEV passenger cars in the country is Toyota. Its flagship HFCEV
model, Toyota Mirai, comes at a price of ISK 8,280,000 (Toyota, 2020).
The utility vehicle versions of these two non-conventional vehicle types are even more
expensive. A HFCEV city bus comes at a price of ISK 160,000,000 (Hydrogen Europe, 2017),
which is almost twice the price of a BEV bus which costs approximately ISK 100,000,000
(Clean Energy, 2018). Both of which come at a significantly higher expense than a diesel city
bus, which averages around ISK 40,000,000 (Hydrogen Europe, 2017). The CEO of Straeto,
Jóhannes Svavar Rúnarsson, indicated that the reason for the lack of BEV and HFCEV buses
in the Reykjavik city bus fleet is in fact their exorbitant price (Rúnarsson, 2020). Nevertheless,
the CEO of Straeto pointed out that the company is participating in the EU’s JIVE II program
which aims at popularizing HFCEV public transportation among the member states with the
main aim being the increase in hydrogen refueling stations infrastructure as well as decreasing
of the price per unit of HFCEV (Hydrogen Europe, 2017).
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The relatively overpriced non-conventional vehicles are not so expensive if the
governmental incentives are considered. Sigurðardóttir’s cabinet as well as a few following
governments of Iceland have introduced a multilevel system of tax exemptions and preferential,
incentive driven taxation for non-conventional vehicles. The three most important financial
measures worth considering are: Import Excise Duty, Vehicle Excise Duty and Value Added
Tax (Kjartansdóttir, 2018).
The breakthrough adjustment in these three taxation mechanisms has been their direct
correlation to the CO2 emissions from the concerned vehicle, intuitively the higher the emissions
the higher the tax. In terms of the Import Excise Duty, the vehicles are placed into ten different
categories depending on emissions, the cars which are not taxed upon import must have reported
CO2 emissions of 0-80g/km. Thus, at entry level to the country a buyer or an importer of a nonconventional vehicle can save up to 52% of the market value of the car, as such is the highest
level of the import excise duty for a vehicle emitting more than 250 gram of CO2 per km
(Kjartansdóttir, 2018).
The Vehicle Excise Duty is a fee each car owner of a registered vehicle has to pay
biannually, and alike the Import Excise Duty it is dependent upon the emission level of the car.
For a passenger car the excise duty is ISK 5,810 if a vehicle emits less than 120 grams of CO2
per km and increases by ISK 139 per g/km if the emissions exceed 120 g/km (Ministry for the
Environment and Natural Resources, 2018a).
Lastly, the Value Added Tax should be the major contributor to decreasing of the nonconventional vehicle price. Starting in 2012 there is no VAT on imported zero-emission cars
with the limitation of the maximum exempt price at ISK 6,000,000. Nevertheless, with the VAT
on passenger cars in Iceland at 25.5% that is a deduction of over quarter of the price, which
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should make Icelanders more prone to purchase non-conventional zero-emissions vehicles such
as BEV or HFCEV (Kjartansdóttir, 2018).
Overall, despite the initial bigger expense, in the long term throughout the utilization
period a non-conventional vehicle such as a BEV or HFCEV might turn out as more affordable
not only due to the less expensive fuel, in the case of BEV, but due to the money saved on the
Vehicle Excise Duty. In terms of vehicles import as a sector of the economy, undoubtedly the
strict correlation of the Import Excise Duty with vehicle emission levels has been changing the
behavior of car importers, which has been reflected in the constantly growing registrations of
BEV, and in the future has the potential of driving the growth of HFCEV.

Adaptability of Non-Conventional Vehicles to Iceland
The specificity of climate as well as landscape in Iceland also requires an investigation of
the non-conventional vehicles’ adaptability to the country specific conditions. The factors crucial
to consider are vehicle range, the availability of refueling stations, the type of non-conventional
vehicles on the market and their malleability to the local road infrastructure and weather.
The determination of the most adaptable vehicle is important as only by suggesting the most
fitting non-conventional vehicle will the countrywide transformation, which will allow for the
meeting of their NDC to the Paris Agreement, occur in Iceland.
Due to Iceland’s large land area and sparse distribution of population beyond the
Reykjavik greater area, the crucial factor in choosing the most fitting non-conventional vehicles
is the correlation of range and accessibility of refueling stations. The non-conventional vehicles
with the longest range are the HFCEV. Hyundai ix35, the vehicle introduced to Iceland through
the H2ME project, is capable of driving 594 km on one full hydrogen tank (H2.LIVE, 2018),
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whereas Toyota Mirai, the only model of an HFCEV available to customers on the Icelandic
market, follows closely with a range of 500 km (H2.LIVE, 2019). A close follower, whose
range is definitely harder to determine are the CNG vehicles, due to the variability in the size of
CNG tanks in dual-fuel vehicles, however, it is assumed that an average CNG passenger car has
a range of 450 km (Aslam et al., 2006). The passenger cars with the shortest range, which is on
average just 275 km are the BEV (Giansoldati et al., 2018).
The range for city buses quite closely reflects those of passenger vehicles. HFCEV city
buses are the ones with longest range of up to 640 km due to the larger hydrogen tanks than
those of passenger vehicles, which allows them to conduct a day long service without refueling
(Ally & Pryor, 2016). Very similar range can be found in the CNG buses, which alike in the
HFCEV city buses, are able to have such a long range and serve for a day without refueling due
to their large CNG tanks located on the roof (Kliucininkas et al., 2012). Due to battery capacity
in BEV, the buses that run due to such technology are capable of covering less than half of the
distances HFCEV and CNG buses do (Yang et al., 2012). Such a short range is often the case for
the buses inability to fulfill a daylong service, thus the need to refuel halfway through a working
day with the long refueling time is most probably the reason for the lack of BEV in Reykjavik or
Akureyri, despite both of the cities having had either CNG or HFCEV city buses in the past or
still in service today (Akureyri, 2019) (Rangel Ortiz, 2013).
The range itself is, however, not a sole determinant of how well adapted a vehicle is to a
country. In Iceland specifically, with the large distance between the main towns along with
range, availability of refueling stations for passenger vehicles is detrimental. When the
accessibility of refueling stations is considered, the HFCEV should no longer be classified as the
most reliable non-conventional vehicle choice in Iceland simply due to the fact that currently
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there are only three hydrogen refueling stations in the country, and all three of them are in the
Reykjavik greater area. Such an infrastructure disqualifies HFCEV from being a viable option
for rental vehicles and does significantly disadvantage a private car owner due to the fact that
they would not be able to conduct a road trip from the country’s capital to the second biggest
town of Akureyri (Islenska Nyorka, 2020). Neither is CNG a much better option, as beyond four
refueling stations in the capital there is one in Akureyri, which would allow for travel between
the two towns but would not be sufficient for driving around the island or for daily use of
someone who lives outside of these towns (Kristjánsdóttir, 2016). However, it has to be
considered that over two-thirds of the population of Iceland resides in the two biggest towns their
transition to a non-conventional vehicle would be sufficient to reach the state’s NDC to the Paris
Agreement. Thus, when both range and number of refueling stations is considered the BEV
appear as the most feasible option and non-conventional vehicle type that has the best conditions
for further adaptation in Iceland. This is due to the 318 charging stations which create a full
coverage of the country (European Alternative Fuels Observatory, 2020), thus despite the fact
that BEV have on average the shortest range from the non-conventional vehicle considered in
this study, they are the most fitting when it comes to accessibility of fuel and ability to travel
across the country.
Since passenger vehicles add up to 64% of all the GHG emissions released by all
registered vehicles in Iceland (Ministry for the Environment and Natural Resources, 2020), one
more adaptability factor worth considering for the non-conventional vehicles is whether the
vehicles are available in models that are the most fitting to the Icelandic road conditions. Since
the country is rather hilly and dominated by gravel roads which add up to 7,820 km out of all
12,900 km of national roads in Iceland (Ministry for the Environment and Natural Resources,
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2018). The combination of the gravel roads, hilly terrain and wintertime ice coverage of the
national roads leads to the preference among passenger car drivers to purchase 4-wheel drive or
SUV vehicles (Reykjavik Cars, 2019). Therefore, it can be reasonably inferred that when
transferring to a non-conventional vehicles Icelanders would still expect to keep the same
standard of driving by having the previously mentioned characteristics in the new vehicles. The
ease of converting a conventional vehicle into a CNG dual-fuel vehicle along with the diversity
of conventional vehicles already on the market would point towards the CNG vehicles being the
most desirable due to their fulfillment of the variety of models available including 4-wheel and
SUV vehicles. The BEV because of their over decade long presence on the market have been
developed by their manufacturers to offer a wide range of models including 4-wheel drives and
SUV (Salah et al., 2016), thus the lack of adaptability to the demanding road and terrain of
Iceland should not be a reason for customers to opt out from transitioning to a BEV.
Currently, only the transition to HFCEV might be limited due to the vehicle type availability on
the Icelandic market as the sole available passenger car, Toyota Mirai, is a rear wheel drive
saloon car (Toyota, 2020). Nevertheless, there are SUV HFCEV passenger cars currently
produced and sold across Europe, therefore it is the matter of time when their manufacturers,
Hyundai and Mercedes, will introduce these models to Iceland or the SUV HFCEV will enter the
Icelandic roads through the resale market (McCormack, 2020).
Thus, if the overall performance in terms of adaptability is taken into consideration for
the short term the BEV appear as the most appropriate choice in passenger vehicles, with an
already established recharging infrastructure and vehicle models appropriate for the Icelandic
road conditions. However, in the future, once more hydrogen refueling stations are developed
and wider range of HFCEV models are available the same might apply to HFCEV.
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Emissions Reduction Owing to Non-Conventional Vehicles
Lifetime emissions are not of primary concern to the policy makers, as their concern is
first and foremost the tail end emissions, nevertheless, it is worth comparing the three nonconventional vehicle types lifetime emissions to create a holistic understanding of the overall
impact they have on the planet, despite the emissions often being in a different countries than
where the tail end emissions occur. It is important to highlight that in the results section the
lifetime CO2 emissions are only for passenger non-conventional vehicles, the same emissions
would be significantly higher for utility vehicles such as city buses, but due to the characteristic
of the emission patterns they are likely to breakdown in terms of the most and least polluting
ones for utility vehicles just like they have for passenger non-conventional vehicles. The tail end
emissions do significantly impact the lifetime emissions; thus, it is understandable that the nonconventional vehicle with the highest lifetime emissions of CO2 is the vehicle with an ICE. The
CNG lifetime emissions are 21 tons of CO2 (Low Carbon Vehicle Partnership, 2015). Due to
their large battery pack the BEV are the next most GHG polluting vehicles over their lifetime
with 18.5-19.1 tons of CO2 lifetime emissions (Low Carbon Vehicle Partnership, 2015). The
least emitting, and thus the one of the lowest lifetime emissions are HFCEV due to their lack of
large battery packs and given that the hydrogen is produced in the electrolysis process using
renewable energy sources, then the lifetime emissions of a HFCEV are 15.5 tons of CO2.
The Icelandic CAP goal is to achieve a 35% GHG emissions reduction compared to the
2005 emission levels by 2030, and 21% GHG emissions reduction in land transportation. This is
especially challenging due to the fact that the vehicle numbers have increased exponentially by
78% since 1990 and along with them the CO2 emissions have grown by 56% since 1990 till 2017
(Ministry for the Environment and Natural Resources, 2018). The emissions from transportation
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specifically in 2005 were 776 kT of CO2, thus to achieve their goal the Icelanders must meet a
goal of 615 kT of CO2 annual emissions (Ministry for the Environment and Natural Resources,
2018). The current fleet of vehicles in Iceland emits 1,035 kT of CO2, with roughly 10% of that
fleet being non-conventional vehicles, thus the CO2 emission reduction by 21% in comparison to
2005 realistically will require as much as 40% reduction in comparison to 2019 by 2030
(Ministry for the Environment and Natural Resources, 2020). In order to achieve this the
following transitions to non-conventional vehicle choices are available.
Even if all of the Icelandic vehicle fleet was to transform to CNG dual-fuel engines, it
would not be enough to meet the Icelandic NDC to Paris Agreement since a natural gas-powered
ICE emits only 22-29% less CO2 than a conventional ICE, thus the emission reductions would
not be sufficient to meet the emission reduction goal of 21% reduction of the 2005 GHG
emissions (Ministry for the Environment and Natural Resources, 2020).
The most efficient way of obtaining the emission reduction goal in the land transportation
sector is by a significant increase in the number of zero-emission non-conventional vehicles such
as the BEV and HFCEV. The aim of GHG emission reduction by 21% relative to 2005 levels, or
alternatively by 420 kT in comparison to the 2019 emission levels. Thus, over the next decade
there has to be a reduction of 91,305 ICE vehicles. Therefore, ideally within the next decade
there should be approximately 9,000 new BEV, HFCEV or a combination of the two registered
in Iceland. The number does appear as unrealistic and overwhelming when the raw data from up
to date BEV and HFCEV in Iceland is taken into consideration, however, acknowledging the
trend which reflects a 30% annual increase in BEV registration and with the increase of HFCEV
availability to the costumers even a steeper incline in registration might be possible. If the
current rate of annual increase by 30% in registration of BEV were to last till 2030 then within
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the next decade Iceland would essentially replace its fleet to a completely zero-emissions one
with 269,000 new BEV and HFCEV registered by 2030. Even if there is a limit to growth
of costumer’s interest in BEV in the next decade, then the necessary level of growth would
be to maintain the growth forecasted to be achieved by 2023 as it would allow for registration
of 98,000 BEV by 2030 (Ministry for the Environment and Natural Resources, 2020). However,
it has to be considered that there are still no commercially available solutions for vehicles other
than passenger cars, small cargo vans and city buses, therefore ICE vehicles will be registered
and will emit GHG in Iceland. One vast challenge that might possibly hinder success of this plan
is the fact that after 1st of January 2030 new registrations of ICE passenger vehicles will be
prohibited (Ministry for the Environment and Natural Resources, 2018), so there is a chance that
some Icelanders will be rushing to register ICE vehicles which do not have their nonconventional alternatives.
Nevertheless, it has to be pointed out that even if Icelanders do rush to register more ICE
vehicles around the turn of the decade, the overall share of ICE vehicle registrations has been
declining in the past five years (Samgöngustofa, 2020). It is most likely to follow that trend due
to the increasing prices of gasoline and growing tax benefits from purchasing BEV and HFCEV.
Therefore, it is highly unlikely that the ban on new registrations of ICE vehicles will directly
skew the goals of CO2 emissions reductions set to be achieved by non-conventional vehicles.
Additionally, there are other vehicles which are not as environmentally beneficial as BEV
and HFCEV but nonetheless emit less GHG than the conventional ICE vehicles, these would
include the hybrid, CNG and other non-conventional ICE vehicles.
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Conclusion
Ultimately, the most fitting non-conventional vehicle transition model, which will allow
Iceland to meet its NDC to the Paris Agreement by 2030 is such which will be consisting
of mixed non-conventional vehicle solutions. Namely, for passenger vehicles, which contribute
64% of all emissions from transportation (Ministry for the Environment and Natural Resources,
2020), there is the large importance of zero-emission cars. Thus, the transition towards BEV and
HFCEV has to be prioritized. In terms of the public transportation, which is responsible for just
6% of all GHG emissions from land transportation (Ministry for the Environment and Natural
Resources, 2020), the already implemented CNG city buses fleet should be expanded and the
authorities effort in introduction of HFCEV should be enlarged beyond the role of an observer
in the EU’s JIVE II project.
As a matter of fact, one of the recommendations of this paper is for the Icelandic
government to invest in the HFCEV potential that the country has. Considering the rapid rate at
which the recharging station for the BEV have been built over the two years from 2017 to 2019
to allow for a country-wide coverage, similar measures should be implemented to popularize
HFCEV. Beyond the infrastructure aspect of non-conventional vehicles introduction and
promotion, Iceland stands out in terms of legislation that incentivizes its citizens to choose nonconventional, zero-emission vehicles. Thus, Iceland through its transition towards the nonconventional vehicles including HFCEV and their very cheap and green way for producing
hydrogen has the potential to become the driver for the global transition towards the hydrogen
economy. To investigate how this could be achieved, future studies on the possibility of
Icelandic capacity to become a global leader in hydrogen production and use should be
conducted.
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Finally, the Icelandic NDC in regard to land transportation is to be fulfilled if the increase
in share of zero emission non-conventional vehicles will continue till 2030. The attainment of
their NDC by 2030 and continuation of the work towards non-conventional vehicles
implementation in Iceland would therefore situate Iceland on the right path to achieve carbon
neutrality by 2040.
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