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An analysis of use of electric vehicles compared to gasoline vehicles shows that
electric vehicles have the potential to reduce European greenhouse gases by as much
as 60%. This shows a consistent decarbonisation trend of the electricity mix in Europe.
Environmental policies to reduce transport sector greenhouse gas (GHG) emissions and
diversify energy sources, often promote the use of alternative fuels (including electricity). In
order to quantify possible GHG and energy savings, policy makers need to consider sound
and shared scientific methodologies allowing comparisons among “cleaner” (with a lower
carbon intensity) and conventional technologies.
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Different carbon intensities along the electricity pathway
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An updated Well-To-Wheels methodology using 2013 statistical data was used to calculate
the carbon intensity (CI) of the European electricity mix and provide electricity consumption
in European Union (EU) Member States. The effect of cross-border trading of electricity on
the CI of supplied and consumed electric energy in the various member states was
calculated and analyzed.
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A country importing electricity from another country with a lower electricity CI will lower,
after trade, its electricity CI, while importing electricity from a country with a higher CI will
raise the CI of the importing country

TRIMIS

Results calculated for combustion emissions only are in line with the International Energy
Agency’s (IEA) input data and the IEA CO2 emission calculations. These results are available
as a IEA-consistent data set. Conversely, results including upstream emissions are consistent
with the JEC WTW methodology used as one of the reference inputs to the EU regulatory
framework.
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GHG emissions due to the use of battery electric vehicles (BEVs) in the EU

GHG emissions due to the use of electric vehicles in the European Union

Compared to 2009 JEC WTW data sets, the 2013 CI of the EU electricity mix is 18% lower.
On average, the CI of electricity used in EU at low voltage in 2013 was 447 gCO2eq/kWh.
This shows a consistent decarbonisation trend of the electricity mix in Europe.
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The study concludes that in 2013 battery electric vehicles (BEV) were able to achieve GHG
savings in the range of 50-60% in the EU compared to conventional vehicles. Assuming a
continuing decarbonisation trend of the EU electricity mix, BEVs are expected to have lower
GHG emissions than conventional gasoline vehicles for the foreseeable future.
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An assessment of developments in ship propulsion and power supply systems shows
that hybrid architectures and advanced control strategies can reduce fuel consumption
and emissions by as much as 10-35% while reducing noise and maintaining
manoeuvrability and comfort.
Advances in power and propulsion systems and energy management improvements have to
potential to significantly reduce carbon dioxide (CO2) and nitrogen oxides (NOx) emissions
from shipping.
Due to the increasingly diverse operating profile of ships (e.g. off-shore vessels perform
transit and critical dynamic positioning operations while naval ships conduct patrol
operations in the open sea), the power and propulsion plant has to meet key performance
criteria (i.e. fuel consumption, emissions, radiated noise, propulsion availability,
manoeuvrability, comfort, maintenance and purchase costs).
Since the 1990s, the power and propulsion configuration has been adapted to a varied
operating profile with electric propulsion for various ship types such as cruise and capital
ships (e.g. aircraft carrier). Although electric propulsion is more efficient at low speed, it
introduces additional conversion losses of 5-15 percent of the propulsive power in electrical
components such as generators, power converters, transformers and electric motors.
The trade-off between efficiency and adaptability to diverse operating profiles has led to a
growing variety of power and propulsion architectures, which can be categorized as:
mechanical/electrical propulsion or a hybrid combination; power generation with
combustion engines, fuel cells, energy storage or a hybrid combination; and AC or DC
electrical distribution.
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The study reviewed developments in current and future power and propulsion system
architectures and their associated control strategies for smart ships.
Continued/…
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The variety and complexity of
propulsion architectures means
that there is an increasing
amount of design choices to the
ship control and systems
designer. It is therefore essential
to know the operational profile of
the vessel.
Hybrid propulsion: economically
beneficial if the ship sails below
40 per cent of its top speed a
significant amount of time.
Hybrid power supply: is
beneficial when the total
electrification load has a great
spread over time and can
improve availability and reduce
noise.
DC Power systems: have the
potential to bring down
conversion losses and can run the
generator at a variable speed,
reducing fuel consumption and
associated emissions by up to 20
per cent.

Benefits and drawbacks of propulsion and power supply
technologies

The control strategy will determine whether the full potential of the selected architecture
can be applied in practice. Many intelligent control strategies have been investigated and
applied in other applications such as the automotive industry and land-based micro-grids.
It is only recently that advanced control strategies have been applied in the maritime sector
which have achieved 15-35 per cent reduction in fuel consumptions and emissions. This
reduction has been partly achieved by recharging batteries from the grid. Improvements in
propulsion availability, radiated noise and maintenance costs are also important for hybrid
power and propulsions systems.
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The study concludes by calling for further research to establish the feasibility of an
integrated approach that examines the control of the:
• mechanical drive train for mechanical and hybrid propulsion architectures;
• electrical machine in hybrid propulsion architectures; and
• hybrid power supplies for hybrid and electrical architectures.
Research in these main areas will assist the design and development of smart ships that can
perform multiple functions effectively, efficiently and with minimal environmental impact.
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A study evaluates the commercial potential, environmental impact, costs, safety
issues, and regulatory and policy issues of the new capsule travel technology known as
hyperloop. It identifies a number of key research questions relevant to the further
development of this innovative transport technology.
Hyperloop is a concept for very high‐speed, fixed‐guideway, intercity surface
transportation, using capsule‐like vehicles that operate in sealed partial‐vacuum tubes. The
technology is currently unproven, but it has received interest from journalists, investors,
engineering firms, and governments.
This study evaluates the hyperloop in terms of its commercial potential, environmental
impact, costs, safety issues, and regulatory and policy issues and to identify further research
topics related to the technology.
The hyperloop technology is claimed to be faster than existing forms of passenger travel,
and able to provide that service at lower cost than high speed rail (HSR). Hyperloop’s
proposed speeds (maximum 720 – 760 mph and average of 600 mph) would indeed be
faster than air, maglev (magnetic levitation vehicle), and HSR. It could result in a 45 minute
time saving in a trip of over 400 miles compared to air or maglev (would be about 45
minutes). However, all three modes would likely have stations that terminate at the
outskirts of a major city and therefore require additional time on local transit for travellers
to reach their final destination.
It is not clear whether hyperloop’s high speeds would be comfortable for passengers.
Because it is a fixed guideway, the route needs to be planned with exacting precision so
that passengers are not subject to uncomfortable g‐forces on curves or dips. In contrast,
passengers find maglev and HSR trains comfortable and appreciate being able to use their
time productively.
Continued/…
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The portion of the freight market that might be interested in the high speeds offered by
hyperloop would likely be the current market for air freight. It would take a massive
investment in a hyperloop network to create the same coverage and the value of
incremental time savings over air would likely be small.
Hyperloop Technologies have focused on putting the hyperloop tubes underwater as a way
to avoid land acquisition costs for right of way. However, many ports are capacity
constrained and unloading containers from ships to a hyperloop tube to be brought inland
for sorting and distribution using equipment on offshore platforms could provide much
needed expansion for port facilities.
Discussions of environmental impact of hyperloop have focused on emissions during
operations and ignore the full lifecycle emissions during manufacture of the equipment
during construction of the guideway. Those impacts would be present for any new
transport project but at this point the information is not available to compare across
alternative transportation modes
Hyperloop technology cost estimates (e.g. USD 25 ‐27 million per mile) appear lower than
other modes (e.g. HSR in Europe, USD 43 million), but as the technology is still conceptual
and in very initial testing, there is uncertainty in both the underlying infrastructure needed
to operate a system and the cost to construct it.
A completely new transportation mode would pose a unique set of regulatory and safety
issues and that will need to be resolved.
The study outlines a number of key questions that need to be addressed if capsule travel is
to become the fifth mode of transport:
•
•
•
•
•
•
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•

Is the hyperloop transportation system sufficiently lightweight that there would be
significant construction cost savings compared to building an elevated HSR or maglev
system?
What are the technology hurdles to building hyperloop underwater and can they be
overcome?
Can capacity of a hyperloop pod be expanded to seat more than the originally proposed
28 passengers?
What would be the weight limit for a freight capsule?
How big would the tube need to be in order to carry a standard size shipping container?
Can the system be designed so that in addition to carrying long distance passengers, it
can also provide local transit service?
Would hyperloop be noisey for passengers and communities?
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A recent study has analyzed the use of liquefied natural gas as a viable option in
European road freight transport. It estimates that a fuel switch in long-haul trucks
could reduce greenhouse gas emissions by as much as 12% and reduce fuel
consumption by 42% in the long-term.
Natural gas transport is a mature technology and has been extended through the use of the
compressed form in urban light vehicles. The introduction of liquefied natural gas (LNG)
could broaden the use of natural gas for longer distances due to its higher energy density. In
addition, the use of LNG in heavy-duty vehicles reduces the greenhouse gas (GHG)
emissions per kilometre by up to 20 per cent and eliminates almost 100% of the sulphur
oxides and particulate matter while reducing the urban noise compared with the use of
diesel trucks.
The study reviewed the key environmental, technical and socio-economic aspects of LNG
deployment as an alternative fuel for road freight transport. LNG for road freight transport
has undeniable strengths compared with diesel oil such as lower fuel costs, acceptable
autonomy, lower emissions (in terms of sulphur oxides, particulate matter and nitrogen
oxides, without requiring after-treatment exhaust equipment), lower noise and mature
application technology.
Nevertheless, the main weaknesses are the medium to high cost of the technology,
especially in the case of dual fuel engines, and the modest GHG emissions reduction due to
the leakage of methane and the extra energy required during the LNG life cycle.
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In addition, the introduction of LNG faces challenges to its widespread commercial
introduction. These include the absence of regulations for the installation of service
stations, restrictions in some countries on LNG use in vehicles, the diesel price decline and
the risk of shortages of imported natural gas that would immediately increase the LNG price
Continued/…
in Europe.
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Could liquefied natural gas be a
reliable option for European road
freight transport?
While there have been isolated and quite recent LNG demonstration tests on performance
and emissions in private fleets in the EU, there has been no comprehensive analysis to
facilitate their mass introduction. Although it is necessary to continue research to develop a
reliable database to estimate the actual environmental impact of LNG, it is argued that the
main difficulties for the deployment of LNG-fuelled trucks are market-related.
The study analyses the prospects of introducing LNG in the European market and identifies
price stability and uncertainty as key investments issues. Although action is being taken to
develop an open and transparent international natural gas market, the installation of new
LNG terminals could significantly contribute to the security of supply and meeting
diversification targets.
The study assesses the impact of introducing LNG in the Spanish road freight transport. It
finds a fuel switch in long-haul trucks could reduce GHG emissions by 12 per cent and diesel
fuel consumption by 42 per cent in 2045 for the total Spanish truck fleet.
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Tank-to-Wheels diesel fuel consumption by Spanish long-haul trucks

It concludes LNG use in heavy-duty trucks for freight transport is possible due to the mature
technology and energy resource availability. In the case of long-haul road transport, where
renewable fuels are not currently a feasible option, using LNG instead of diesel is the
preferred option.
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Governments should promote LNG technology adoption directly to customers through tax
reduction, benefits in tolls, reduced import tariffs for conversion kits and new vehicles, and
funding for the local development and manufacture of these technologies.
In addition, governments alongside manufacturers and natural gas traders must intervene
to avoid the market failures through awareness campaigns to the general public and fleet
owners.
These measures would allow stakeholders to evaluate the actual impact of LNG use in
companies and countries, enabling the introduction of a potential alternative to replace
traditional fuels in road freight transport in the EU.
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An assessment of price differences across European countries found small electric
vehicles (EVs) are relatively more expensive than big EVs, and plug-in hybrid vehicles
are more costly than battery electric vehicles compared to conventionally fuelled
vehicles. Larger market penetration can only be achieved if EVs become price
competitive.
National and local governments are adopting a range of measures to encourage electric
vehicle (EV) use to reduce greenhouse gas emissions, oil dependency and improve urban air
quality. Yet one of the biggest barriers to market breakthrough of EVs is that, in the absence
of incentives, they are currently not cost-competitive.
Fiscal incentives are important as they influence the vehicle purchase decision of individuals
or companies. They can be total or partial tax exemptions, or direct subsidies.
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An assessment was undertaken to evaluate how different fiscal incentives used by national
governments to promote electromobility may have stimulated the market penetration of
EVs in eight European countries (France, Germany, Hungary, Italy, Netherlands, Norway,
Poland, and the United Kingdom). The total cost of ownership (TCO) was calculated to
determine how costs and sales of EVs relate to each other and to examine the role of fiscal
incentives in reducing TCO and increasing EV sales.
The eight countries considered in this study adopted different approaches in their fiscal
policy (2014) such as tax exemptions or subsidies. In Norway, Netherlands, Germany, Italy,
and Hungary negative externalities associated with the usage of conventional fuelled
vehicles are penalized with taxes, from which EVs are partially or fully exempt. The higher
the taxes, the more EV owners benefit from the exemptions. In the UK and France the main
policy instrument is a subsidy given to EV owners upon purchase. In Poland there are no
incentives.
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Is cost hindering the adoption
of electric vehicles?
A pairwise comparison was performed to quantify and compare incentives and cost
differences across car segments and countries. EVs and conventionally fuelled vehicles were
paired and the cost and sales of each EV was expressed as a percentage of the cost and
sales of their corresponding conventionally fuelled vehicle. This enabled differences in
market and segment sizes among countries to be excluded.
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Average net price and price spread of EVs: average country prices (columns),
minimum and maximum prices (error bars)

After quantifying net price, fuel, and electricity price differences across countries, the study
concluded that small EVs are relatively more expensive than big EVs, and plug-in hybrid
vehicles (PHEVs) are more costly than battery electric vehicles (BEVs) compared to their
conventionally fuelled vehicle pairs. It found that registration and circulation tax
exemptions in Norway and the Netherlands favours big EVs. In contrast, lump-sum subsidies
in France and UK (20–27% of purchase price with a maximum cap) favour small EVs.
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The TCO calculations contribute to our understanding of the interaction between fiscal
incentives and sales. Incentives can play a crucial role in the market breakthrough of EVs,
but larger market penetration can only be achieved if EVs become price competitive. Small,
medium and big cars exhibit different relative TCO-sales relationships, both in terms of price
responsiveness and spread of sales and TCO. It is important to consider these dependencies
when fiscal policies are designed or modified because different incentive schemes favour
different car segments and may therefore affect different sections of the population.

