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Executive Summary 
Decarbonization in the transportation sector has become a very popular topic in recent years. 
Nearly all segments of the automotive industry are making strides toward decarbonizing, with 
car companies producing more and more alternative fuel models, rental companies and 
delivery services buying electric [1], and aviation and maritime groups pledging to reduce 
emissions and publishing plans to do so [2][3]. As commitments to decarbonize continue, it can 
be difficult to keep track of what fuels and technologies are primed to make an impact. This 
paper seeks to outline what technologies are available and how they can play a role in 
decarbonizing different segments of the transportation sector.  

Forms of transportation to be discussed include light, medium, and heavy-duty vehicles, as well 
as the aviation and marine sectors. Light duty vehicles are the largest category of greenhouse 
gas (GHG) emissions and have the most technologies available currently. Medium and heavy-
duty vehicles have less available technologies, and this sector is decarbonizing much slower 
than the light duty sector. Aviation and marine transportation have the least amount of 
technology available for decarbonization and will therefore be some of the most difficult areas 
to decarbonize. 

The main technologies discussed here will include battery, hydrogen, and biofuels. These, of 
course, are not the only opportunities available, there is always potential to reduce emissions 
through increased efficiency of fossil fuel engines and reducing overall travel, but these 
techniques will have their limitations. Improvements in fuel efficiency and reducing miles 
traveled are important and should be prioritized by policy makers where possible. But battery, 
hydrogen, and biofuel technologies are essential to remove all emissions from the 
transportation sector, because unlike increased efficiency and reducing travel they can support 
completely decarbonized modes of transportation. 
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Introduction 
According to the Intergovernmental Panel on Climate Change (IPCC), to keep global 
temperature rise under 1.5 C and to avoid the most catastrophic effects of climate change, 
emissions must reach net zero by midcentury. The transportation industry will play an 
important role in achieving this goal, as transportation was responsible for 29% of emissions in 
the US in 2019 [4] or 8.5 Gt globally [5]. The International Energy Agency (IEA) estimates that 
emissions from transportation must be reduced to 0.7 Gt globally by 2050. This will be made 
even more challenging as passenger levels are expected to double, and freight transportation is 
expected to increase by a factor of 2.5 over the same 2050 timeframe [5].  

Reducing emissions from the transportation sector at the pace necessary to avoid catastrophic 
warming will require quick adoption of market-ready technologies, as well as market 
penetration of many developing technologies. Light duty vehicles are expected to decarbonize 
the fastest, while other forms of transportation lag behind. This is due to lower technology 
availability for sectors like heavy duty vehicles, aviation, and marine. These are the sectors that 
will require extensive technological advancement to make decarbonization feasible. 

Figure 1: Global CO₂ transport emissions by mode and share of emissions reductions to 2050 [5] 

While it is true that some sectors are waiting for technological breakthroughs, there are still 
several tools available to start reducing emissions from transportation now. Electrification via 
battery powered vehicles is already occurring in the light duty sector, hydrogen “hubs” are in 
the planning stage in several areas, and biofuels are becoming more popular as drop in fuels, 
i.e. they can be directly substituted with fossil fuels. The technologies that are already available 



5 
 

today should be implemented as fast and as widely as possible to keep us on the path to net 
zero by 2050.  

Technologies to Decarbonize the Transportation Sector 
Battery 
Battery technology is one of the most familiar and most developed technologies for 
decarbonizing the transportation sector. Already, battery powered vehicles are on the road in 
significant volumes, and dozens of new models from nearly every car manufacturer are being 
developed. Electrification is a powerful tool for decarbonizing the transportation industry 
because it is widely available today, has a cheap fuel source that is widely available, and is the 
most market ready technology. However, it presents challenges in meeting all transportation 
use cases, specifically due to longer fueling times, potential impacts to the electric grid, heavy 
batteries, and a complex supply chain of source materials. As such, other types of fuel will also 
be critical to fully decarbonizing the sector. 

Some issues with battery electric vehicles (BEVs) include the charging time and charging 
infrastructure. Electric vehicles are most effectively fueled via slower overnight charging, and 
then “topped off” with faster charging as is necessary along the way [6]. Overnight charging on 
slow chargers (Level 1 or Level 2) is the most common form of charging for light-duty vehicles, 
with over 80% of EV driver’s charging happening at their homes [7]. While charging is unlikely 
to be a problem for those who have access to home charging on a daily basis, it can become 
difficult when considering long trips. In this case, getting a full charge will take at least 20-30 
minutes, even on the most rapid existing charging technology [6]. Rapid charging technology 
might also cause issues in grid distribution in isolated use cases due to a combination of high 
power demand, centralized load demand, and the potential for such demand to occur at peak 
hours [8].  In general, BEV charging requires further widespread build-out and development, 
but we have the means to do it, and it will be a very powerful tool for decarbonization. 

The batteries used in BEVs present one of the most complicated problems. Batteries are not as 
energy dense as gasoline, in fact a gallon of gasoline is equivalent to about 240 pounds of 
battery [9]. However, electric vehicles are much more efficient than internal combustion engine 
(ICE) vehicles. Because of this, the battery in a Tesla Roadster is only 900 pounds [10]. So, the 
size of batteries is not problematic for the light and some of the medium duty sectors. 
However, this can become problematic as the size of a vehicle increases, and more power is 
needed to maintain the range.  

The materials in a typical battery are another potential issue. The batteries contain lithium, 
nickel, manganese, and cobalt [11]. Research is still being done to determine ways to reduce 
the amount of these metals in batteries. The main concern is cobalt, because about two-thirds 
of the global supply is located in the Democratic Republic of the Congo, and there are concerns 
over humanitarian conditions of the mining processes [11]. Because of this, and worries about 
shortages of nickel, many scientists are looking into eliminating or substituting cobalt and nickel 
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in batteries. One other option is recycling old batteries, but due to the diversity of materials in 
lithium-based batteries, this process is fairly difficult and still needs further improvement. 

In general, battery electric technologies are the most advanced and most available today to 
decarbonize the transportation sector. Battery will play a large role in multiple sectors of 
transportation. Clearly though, there is still a need for improvements to make the technology 
even more efficient and sustainable.  

Policy Considerations 
• Charging Infrastructure 
• Battery Materials 

As mentioned above, most BEV charging occurs overnight via slow charging, and due to the 
current status of charging infrastructure, this favors people who live in houses. People who live 
in apartments, for example, are at a disadvantage when it comes to BEVs because they do not 
have access to their own chargers. Policies should focus on making charging more accessible for 
everyone, which in turn could encourage more people to switch to BEVs. Material security 
should also be a main focus for policy. Ensuring that we have enough supply to keep up with 
increasing demand for batteries will be very important to facilitate a smooth transition away 
from fossil fuels.  

Hydrogen 
Hydrogen has the potential to reduce emissions in the transportation sector, but only if the 
right technologies are used to produce and consume it. Most hydrogen is currently produced by 
steam methane reformation (SMR), which involves the emission of carbon dioxide, therefore 
this is not a viable pathway to reduce emissions. However, there are several other forms of 
hydrogen production that are zero or low emissions.1 Hydrogen can be utilized in 
transportation by a fuel cell or by direct combustion. 

Green Hydrogen 
Green hydrogen is defined as hydrogen that is produced by the electrolysis of water, using 
electricity only from renewable sources [12]. This is the most desirable process for hydrogen 
formation, as it does not lead to any emissions of GHGs from the entire process. However, this 
technology is currently very expensive and inefficient, and there are some perceived concerns 
related to water usage for this process. 

The current price of green hydrogen is approximately $5/kg [13], although price reductions are 
expected as renewable energy becomes more widespread and efficient. Energy Earthshot’s 
Hydrogen Shot seeks to reduce the cost of green hydrogen by 80% to $1/kg by 2030. This price 
reduction will allow green hydrogen to be competitive with other marketed technologies, but 
significant improvements to the technology are needed to make this possible. The electrolyzers 
                                                            
1 Hydrogen is referred to in kilograms in most studies, which is approximately equivalent to the amount of energy 
in 1 gallon of gasoline [3]. 
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used in the process are an area for potential improvement, as they currently only run at about 
65% efficiency and their capital expenditure (CAPEX) is 840 USD/kW. The CAPEX is expected to 
drop to 200 USD/kW as electrolyzer technology improves, but is not forecasted to happen 
before 2040 [14]. Improvements in the efficiency and cost reductions of electrolyzers will help 
to reduce the cost of green hydrogen. 

Water usage is also an important topic in green hydrogen production, especially when 
considering areas in droughts. Producing 1 kg of green hydrogen can use approximately 10 
gallons of water, if the renewable energy used is wind [15]. The water usage comes mainly from 
the hydrogen production and compression steps, with a small portion used for transportation 
purposes. Fortunately, studies show that green hydrogen water usage can actually lead to 
water savings since the process is less water-intensive than fossil fuel production [16]. Of 
course, future improvements should still attempt to reduce the amount of water needed in 
each of these steps, but it is unlikely that a drastic reduction will be possible. 

Blue Hydrogen 
Blue hydrogen is hydrogen produced using SMR, similar to grey hydrogen, with the difference 
being that blue hydrogen involves carbon capture and storage (CCS) [4]. This process is 
considered a low emissions route to produce hydrogen, since carbon capture technology is 
currently only around 85-95% efficient [14]. The captured carbon can be stored in long-term 
geological storage, and the US has the capacity to store thousands of years worth of emissions 
this way [17]. Potentially exploitable sites are shown in the figure below, but currently there are 
no operational blue hydrogen facilities in the US, according to the Pillsbury Law hydrogen map 
[18]. Some potential issues with geological storage are leakage and economics. Leakage can be 
caused by over pressurization of an aquifer, leading to cracks in the cap rock that is trapping the 
carbon dioxide. Faults and fractures may also be pre-existing in a site, and careful surveying of 
sites for carbon capture should check for these [19]. 
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Figure 2: Potentially exploitable sites for carbon storage [17] 

Blue hydrogen is an attractive option because it is cheaper than green hydrogen and more 
sustainable than other forms of hydrogen production. The current cost of blue hydrogen is 
around $1.40/kg, and the price could drop as carbon capture technology becomes cheaper [20]. 
This cost, however, does not include transportation and other additional costs that may be 
present if blue hydrogen is not produced on site for usage. It does have the added benefit of 
lower water usage than green hydrogen, although the process does still require water for 
steam. The minimum water usage for SMR is 4.5 kg of water per kg of hydrogen produced, plus 
water used for cooling the process [20].  

Other Technologies 
Grid-based electrolysis is another technology that has come into question, but because 
electrolysis is so energy intensive, using grid electricity would actually be more carbon intensive 
than SMR-produced hydrogen [21]. Until the grid contains a significantly higher percentage of 
renewable energy, grid-based electrolysis will not be a sustainable option. Grid-based 
electrolysis may also present efficiency losses when it comes to hydrogen production since the 
renewable energy will become an intermediate source instead of a direct source, like with 
green hydrogen. 

Pink and turquoise hydrogen are some other technologies to keep in mind. Pink hydrogen is 
hydrogen produced by nuclear powered electrolysis, which could be a viable technology 
depending on the classification of nuclear energy in the future. This may be a necessary 
consideration if green and blue hydrogen technologies cannot meet the demand of hydrogen in 
the future. Turquoise hydrogen uses methane pyrolysis to form hydrogen and solid carbon, and 
could be classified as a low emissions technology. This process has not been proven at scale 
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though, so it will be dependent on technological investments and breakthroughs in the coming 
years [12]. 

Policy Considerations 
Some key issues to keep in mind with hydrogen will include: 

• Fuel Station Availability and Siting 
• Transportation of Hydrogen 
• Direct Combustion 
• Fuel Cell Materials 
• Water Sourcing and Usage 

If freshwater use can be avoided in hydrogen production, then it should be. Policies should be 
directed at using wastewater, saltwater, or other alternatives. And of course, continued work 
should focus on every possible opportunity to reduce overall water usage in the process. Fuel 
station availability will need to grow as hydrogen-based technologies reach the market. 
Currently, nearly all hydrogen fueling stations available in the US are located in California [22]. 
Expansions into other states will make fuel cell electric vehicles (FCEVs) more feasible in the 
future. As expansions occur, siting of fuel stations should try to match production locations. 
This will reduce transportation costs, and therefore the overall cost of hydrogen. Of course, this 
will not always be possible, since refueling station locations will be based on transportation 
needs whereas production locations will be based on geographical criteria (carbon storage, 
energy production, etc.). Specifically, in regard to blue hydrogen, carbon pricing could act as a 
motivator for pushing more grey hydrogen to blue. 

Direct combustion of hydrogen should be approached with caution, since there are some 
associated emissions risks with it. As long as policies ensure that these emissions are regulated 
properly though, direct combustion is still a viable option. Fuel cell catalysts may cause some 
issues as well, since they are made of platinum, which is an expensive and rare metal. Efforts 
should be directed at finding substitutions for platinum in fuel cells. 

Biofuels 
Biofuels are a solution whose primary role is to “fill in the gap” where electrification or other 
technologies are not possible or financially viable. Biofuels have the potential to reduce 
dependence on crude oil, offering a renewable and less carbon intensive option. Again though, 
the sustainability of biofuel technology is dependent on the methods used to produce them.  

First Generation 
Biofuels classified as first generation are produced using sugar crops, starch crops, oilseed 
crops, and animal fats [23]. In other words, first generation biofuels directly compete with food 
supply, which makes them an unattractive option. Most fuel ethanol currently used in the US is 
from corn distillation [24]. This has caused direct competition with a food source, which can be 
seen in the distribution of corn for food versus biofuel production. In 2000, only about 5% of 
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corn was used in biofuel production, but in 2013 more than 40% was used for biofuels [25]. As 
biofuel usage increases, there will need to be a shift away from first generation biofuels to 
avoid risking food competition or shortages. 

Second Generation 
Second generation biofuels are produced from cellulosic crops or waste biomass. This is a more 
attractive option than first generation from a sustainability perspective because there is no 
food competition. Cellulosic crops have the additional benefit of marginal land use, while waste 
biomass uses no additional land [23]. Cellulosic ethanol has shown the potential to reduce 
greenhouse gas emissions by up to 86% compared to fossil fuels [26], offering a substitution to 
corn-derived ethanol. 

Even still, second generation biofuels can put a strain on agriculture by utilizing resources that 
could otherwise be used for food crops, such as water and land. The type of land use will also 
affect the overall GHG’s of biofuel usage. Biofuels produced on land that was previously 
rainforest, for example, would cause significantly higher emissions than biofuels produced from 
marginal land [23]. Both of these issues can be avoided if the biomass source is waste from 
other crops, such as crop stalks, leaves, roots, shells, and peels. It is estimated that there are 
approximately 140 Gt of waste biomass produced annually, which can cause management 
problems and also potentially cause negative environmental impacts [27]. This waste 
material would be much better utilized as biofuels, but that doesn’t mean that this biomass 
will be easily collected and utilized for biofuels [28]. Supply chains collecting this waste fuel 
and transporting it to locations to be productively used would need to be developed in 
order to widely scale this fuel. 

 

Figure 3: Feedstock supply and logistics [28] 
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Third Generation 
Third generation biofuels are produced using algae, and have lots of benefits when compared 
to first- and second-generation biofuels. Algae have the potential to produce up to 30 times as 
much energy per acre than land crops, based on experimental findings [29]. In terms of 
biofuel production, up to 9,000 gallons of biofuel can be produced per acre of algae, which 
is 10 times more than the next best feedstock [30]. Some strains can even be grown in 
wastewater [31], which addresses the major problem of freshwater usage, like in first- and 
second-generation biofuels.  

However, there are still some downsides to the third-generation biofuels, which need to be 
addressed before their production becomes more widespread. Algae growth requires a very 
large amount of water, and even if wastewater is used, this is still problematic [30]. Wastewater 
or saltwater could replace up to 90% of freshwater usage in algae production, but some 
freshwater is still necessary. And producing 1 L of algal-derived biodiesel could require as much 
as 3,000 L of water, a very large water footprint [32]. The fertilizer demand for algae production 
would also increase, so much so that net GHG emissions could actually be higher for third 
generation biofuels than fossil fuels [30]. More breakthroughs will be needed to reduce the 
water and fertilizer demand, and to produce cleaner fertilizer or “green ammonia”. Green 
ammonia is produced by using green hydrogen and nitrogen separated from the air, which is 
then fed into the Haber-Bosch process2 which would be fully powered by clean electricity [33].  

Policy Considerations 
Policy on biofuels should keep the following in mind: 

• Land and Water Use 
• Types of Crops Used 
• Fertilizer Production 

As mentioned above, the type of land usage will determine how beneficial biofuels actually are. 
If a biome such as a rainforest is cleared for biomass growth, this will ruin any potential 
emissions reductions. Likewise, if a previously dedicated food crop is then directed towards 
biomass growth, this will cause food competition and ruin the overall benefits of biofuels. 
Water usage will also be problematic, especially in areas facing droughts. If wastewater or 
saltwater can be used instead of freshwater, then they should absolutely use the alternative 
option. Fertilizer usage for algae growth may also pose a problem, as mentioned above. More 
research should be done to provide greener ways of producing fertilizer.  

 

 

                                                            
2 The Haber-Bosch Process is one of the most popular ways to produce NH3. The process needs a temperature of 
400°C and a pressure of about 150 bar to perform the reaction properly. [34] 
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Considerations for Decarbonizing Different Transportation Use Cases 
Light Duty Vehicles  
 

 

Figure 4: Different classifications of vehicles [35] 

This category includes Class 1 and 2 vehicles, which range from 0-10,000 pounds [35]. Despite 
this category containing the lightest vehicles, it is responsible for 58% of current transportation 
GHG emissions in the US [36]. Luckily, light duty vehicles (LDVs) offer some of the easiest 
options for decarbonization. Because these vehicles are in the lightest category, they can easily 
use battery and hydrogen technologies.  

BEVs are already leading the race to decarbonize light duty vehicles. The sale of BEVs in the US 
nearly doubled between 2020 and 2021, going from approximately 251,000 to 473,000 [37]. 
Projections estimate that BEVs could make up anywhere from 15% to nearly 50% of the global 
fleet by 2040 [38], [39]. BEV market-ready technology encompasses several types of light duty 
vehicles, from sedans to pickup trucks and electric buses. Battery powered vehicles have the 
potential to significantly reduce GHG emissions over the lifetime of the vehicles. Sedans show a 
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savings of 45 metric tons (mt), SUVs save 56 mt, and pickup trucks save 74 mt of carbon dioxide 
equivalent over their lifetime as compared to their gasoline powered counterparts [36].  

BEVs should not be the only technology considered for LDVs. FCEVs are also a good opportunity 
for this category of vehicles. They utilize hydrogen and convert it to electrical energy in a fuel 
cell, which leads to no tailpipe emissions and allows for a driving range of over 300 miles [40]. 
FCEVs also have a fueling time similar to gasoline powered vehicles, offering an advantage in 
that respect when compared to EVs. Additionally, although BEVs are sufficient for the majority 
of individuals driving needs, those that may need to use their vehicle in a more rugged manner, 
such as long-distance towing, may find FCEVs more attractive. The main problems with FCEVs 
are that green hydrogen is still too expensive, very few FCEV models are available, and 
hydrogen infrastructure is not built out.  

As can be seen in the figure below, the cost of hydrogen fuel is one of the main reasons that 
FCEV owners see an increase in total cost of ownership compared to an ICEV. The other large 
cost difference is in the incremental vehicle price. FCEVs are significantly more expensive than 
other types of vehicles available now. Hopefully, as more FCEVs are developed, the upfront cost 
of the vehicles will be reduced so they can compete with ICEVs. And as FCEVs become more 
common, hydrogen fueling stations will need to expand. There are currently zero publicly 
accessible hydrogen refueling stations outside of the state of California in the continental 
United States [41].   

 
Figure 5: Total Cost of Ownership comparison for BEV, FCEV, and PHEV compared to an ICEV in 2026 [42] 
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Medium and Heavy-Duty Vehicles 
Medium duty vehicles (MDV’s) are defined as Class 3 through Class 6, or 14,001 to 26,000 
pounds and heavy-duty vehicles (HDV’s) are the remainder of on-road vehicles, including Class 
7 and 8, or anything over 26,001 pounds [35]. In both of these categories, the use case is what 
determines the best mode of decarbonization. Mainly, the distance a vehicle will need to travel 
and the travel pattern it follows will determine if battery or hydrogen will be best. 

An easy opportunity to electrify part of this sector is in buses and local delivery vehicles, i.e. 
vehicles that follow specific and repetitive paths over short or medium distances. Since they 
mostly stay in the same area, there is frequent opportunity for recharging or refueling [9]. 
Electric buses have been widely demonstrated as market ready, and China already has around 
400,000 electric buses in their fleet.  

A more difficult use case for battery electric technology is trucking which requires long distance 
traveling and less regular routes. Some companies have still decided to test BEVs in this 
category, including Amazon, PepsiCo, and Daimler Trucks, the largest truck maker in the US 
[43]. With current technology though, a battery with 500 miles of range for a semi-truck would 
weigh around 10,000 pounds, significantly reducing the amount of payload it can carry [9],[44]. 
This also changes the charging time to around 20 hours using a typical LDV fast charger (max 
350 kW) [45]. The easy solution is to reduce the range that the truck has, therefore reducing 
the battery size. This is not ideal for long-distance trucking applications though, and feeds into 
the “range anxiety” that many companies are facing. Significant advances in fast charging 
technology or on route charging would be needed to reduce charging times for long distance 
trucking. And advancements in battery technology, including lighter batteries, is necessary to 
increase the range while not interfering with the payload. 

Fuel cells are another strong option for trucking that requires longer distances driven each day. 
Fuel cells offer a larger range potential than batteries do, with estimates showing that fuel cells 
can reach up to 600 miles of range, as shown in Figure 6 [5]. This number is helping significantly 
reduce range anxiety while not drastically increasing the weight of the vehicles. It is highly likely 
that FCV’s will be more effective and efficient for long hauls, since batteries are not reasonably 
able to achieve these distances. However, with the current dearth of hydrogen refueling 
stations outside of California, it is currently impossible for fuel cell trucks to be viable options 
for long haul trucking, as there is simply nowhere for them to refuel. Increasing hydrogen 
refueling, especially along heavily used trucking routes, will be essential if this technology is 
going to live up to its potential as a decarbonized option for long distance travel. 
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Figure 6: Probability versus distance for battery or fuel cell heavy trucks [5] 

Aviation 
Aviation was responsible for approximately 915 million tons of CO₂ emissions in 2019, which 
makes up 12% of transportation emissions, or 2-4% of all worldwide GHG emissions [46]. 
Unfortunately, aviation will be one of the most challenging areas to decarbonize since there are 
limited technologies available in this sector. Planes must be capable of traveling large distances 
and carrying a large amount of weight. Because of these requirements, it is not feasible to use 
battery or fuel cell technology in a plane. A battery large enough to power a plane would be far 
too heavy to be realistic for long haul commercial flying, and a fuel cell does not provide 
enough thrust to drive a plane into the air [9]. This essentially leaves the direct combustion of 
hydrogen or biofuels as the main opportunities to decarbonize aviation. 

Direct combustion of hydrogen has already shown some potential issues. Hydrogen is four 
times less energy dense by volume than aviation fuel, meaning that a significantly larger 
volume of hydrogen would be necessary to provide the same amount of energy [9]. Because of 
this, direct combustion of hydrogen would not be usable in existing planes because the tank will 
not be large enough. So, unless newer planes are engineered with larger tanks specifically for 
hydrogen, biofuels are really the only viable option. The IEA predicts that biofuels will play a 
major role in the decarbonization of the aviation sector especially after 2030. By 2050, 
biokerosene, a form of sustainable aviation fuel (SAF) is expected to supply 45% of aviation fuel 
demand [5]. The use of biofuels in this industry has the potential to reduce emissions by up to 
80% over their lifecycle usage [46]. However, as discussed earlier, there is much work that 
needs to be done to develop economically viable and environmentally sustainable biofuel 
options, so much progress is needed to decarbonize this important sector. 
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Marine 
Similar to aviation, the marine sector does not have many technologies available to 
decarbonize. The maritime sector makes up around 2.5% of worldwide emissions currently, and 
this industry is also expected to grow in the next several decades [9]. The International 
Maritime Organization (IMO) has already set into motion a plan to decarbonize their sector. In 
the near time, ships with increased efficiency will be required [47]. Many ships are also 
switching to liquefied natural gas (LNG) because of recent sulfur restrictions placed on marine 
fuels. Using LNG shows potential to reduce emissions by approximately 10-28%, with the wide 
range being due to potential methane emissions from evaporating fuel.  

For long term decarbonization, alternative fuels such as biofuels, hydrogen, and ammonia will 
need to come into play. The IEA estimates that hydrogen and ammonia will make up most of 
marine fuel demand in 2050, coming in at around 60%, while biofuels are around 20% [5]. 
Similar to aviation, much work needs to be done in order to develop fully decarbonized options 
for the marine sector. 

Conclusions 
There are lots of opportunities for decarbonization with technologies that we have access to 
right now, and there are also plenty of technologies that still need breakthroughs before they 
will be feasible. Efforts should be directed at increasing the implementation of these existing 
technologies as quickly as possible, especially in the light duty sector, which currently has the 
most opportunities available for decarbonization. As more technologies become available for 
the medium and heavy-duty sectors, as well as for aviation and maritime, these should also be 
pushed into implementation. Of course, this means that research and development in these 
sectors will need to be a top priority. 

Policies related to battery, hydrogen, and biofuel usage in transportation should ensure that 
while these technologies will be implemented quickly, they are still implemented in the 
cleanest ways possible. Policies centered around battery technology should focus on the 
materials needed for batteries, and the security of our supply chain for these materials. 
Research on alternative materials should also be a priority. As hydrogen demand begins to 
grow, it will be very important that hydrogen supply is implemented in the cleanest way 
possible. Policy for hydrogen should ensure that we do not remain dependent on fossil fuel 
derived hydrogen, pushing for green hydrogen first and using blue hydrogen when 
necessary. And as biofuels become more widespread, policy should ensure that the correct 
types of feedstocks are being utilized and that biofuels are only being used where they are 
needed most.  
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