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Abstract. The aim of this work is to review recent trends in the field of greenhouse gas (GHG) emissions and
renewable energy policies of the European Union and the United States of America. During the last few decades,
there was a significant shift within the political attitude towards these fields, therefore important changes were
realized in the electricity production and the climate policy. In the present paper, we discuss the current situation
focusing on the transportation segment.

Introduction

With the Paris Agreement (signed in 2016)[1], the large majority of the world pledged to decrease
global warming. Unlike its predecessor, the Kyoto Protocol (signed in 1997)[2], the Paris Agreement
allows for voluntary and nationally determined targets, i.e. the climate goals are politically
encouraged, rather than legally bound.

Although in 2017, U.S. President Donald Trump announced his intention to withdraw the United States
(U.S.) from the Paris Agreement, the EU has committed to carbon neutrality by 2050. To this purpose,
the EU has made an energy rulebook called the “Clean energy for all Europeans package”[3], which
serves as the EU’s long-term strategy of decarbonisation. Each member state must take into account
the goals and the countries must determine, plan, and regularly report on the contribution that it
undertakes to mitigate the increase in the global average temperature.

By 2030, the targets of the EU’s climate policy are to reduce greenhouse gas (GHG) emissions 40%
compared to 1990 levels and to fulfil at least 32% of its total energy needs with renewables [4].

Drastically cutting GHG emissions requires strong measures not only in the Emissions Trading System

(ETS) but also in the sectors of non-ETS, such as waste, agriculture, buildings, transport etc. Within the

transport sector, which alone accounts for over 24% of the anthropogenic GHG emissions worldwide,

road vehicles are the largest emitters with a share of 74%. One of the most concerning and challenging
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problems of the near future is the fact that even though global emissions need to be going down,
transport emissions are on the rise. In the U.S., emissions of the electric power and industrial sectors
decreased compared to 1990, yet, transportation-related emissions elevated, mostly, due to the
increased demand for travel.

Alongside the efforts in reducing GHG emissions, EU has adopted one of the most ambitious energy
policies in the world in order to cover nearly 1/3 of the total energy needs by using renewable sources
(such as wind, solar, hydro, tidal, geothermal). This policy speeds up procedures to receive permits for
projects, promotes innovative technologies, supports consumers to produce their own renewable
energy, provides long-term certainty for investors, reduces dependence on energy imports and
increases energy security.

Under a regulation of the “Clean energy for all Europeans package”, EU members are required to draft
10-year (for 2021-2030) National Energy and Climate Plans (NECPs)[3], outlining how they will meet
the 2030 targets for renewable energy.

Unlike the EU, in the U.S. there is no unified renewable energy strategy. States may establish a
Renewable Portfolio Standard (RPS) which is a regulation that requires the increased production of
energy from renewable sources, but RPS policies are not adopted in all states.

1. The renewable energy and greenhouse gas emissions
development over time in the EU

The measures to decrease greenhouse gas (GHG) emissions, improve energy efficiency and increase
the share of renewable energy in the total energy consumption should be encouraged in the interest of
sustainable development. Within the framework of the Directive 2008/57/EC of the European
Parliament and of the Council of 11 December 2018 on the promotion of the use of energy from
renewable sources, it is appropriate to increase the share of renewable energy to 32% at Union level
by 2030 (European Union, 2018). The EU invites the Member States to define their national
contributions achieving the target for 2030 and to reach the long-term decarbonisation goals. The EU
28 average for the share of renewable energy in gross final energy consumption was 18% in 2018, less
only by 14 percentage points than the EU-wide target of 32% in 2030 (Fig. 1). In 2018, the share of
renewable energy as a percentage of energy consumption ranged between 7.4% and 54.6%, and five
EU Member States (Austria 33.4%, Denmark 36.1%, Latvia 40.3%, Finland 41.2% and Sweden 54.6%)
have already reached the 32% target by 2018 (Fig. 1). Although there was an increase in renewable
energy consumption (REC) between 2004 and 2018 that ranged between 4 and 21 percentage points,
the share of REC remained at a relatively low level in some countries (Fig. 1).
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Figure 1. Share of renewable energy in gross final energy consumption in 2004 and 2018
Source: Ref [5]

According to the Hungarian National Energy Strategy, the share of renewable energy in primary
energy use requires to raise at least to 21 per cent by 2030. The Hungarian value (12.5%) was below
the average European Union level in 2018 and 8.5 percentage points below the target value (Fig. 1).

One of the headline targets is to be achieved by 2030, is related to the GHG emissions reduction,
namely, the EU based target is to reduce the GHG emissions of 40% compared to the emissions in
1990.
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Figure 2. Greenhouse gas emissions (in CO; equivalent), the base year 1990
Source: Ref [6]

The European Union average in GHG emission was 78.3% in 2017; however, five countries (Lithuania,
Latvia, Romania, Estonia and Slovakia) achieved the target reductions of 40% in 2017 (Fig. 2). Despite
reaching the European Union 2030 target, the reduction in GHG emission has not been to manage in
six countries by 2017. The GHG emission of these countries (Austria, Malta, Ireland, Spain, Portugal,
and Cyprus) in 2017 compared to 1990 were 106.2%, 112.2%, 112.9%, 121.8%, 122.8%, and 155.7%,
respectively (Fig. 2). The greenhouse emissions were the highest in Germany (21.9 thousand tonnes)
and the United Kingdom (11.3 thousand tonnes) among the EU Member States in 2017. Only four
countries out of 28 EU Member States were responsible for 51.3% of the EU total GHG emissions (Italy
9.8%; France 10.8%; the United Kingdom 11.3% and Germany 20.9%).
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Hungary managed to reduce the GHG emission from 94.2 million tonnes of CO, equivalents to 64.5
Million tonnes of CO; equivalents between 1990 and 2017 that represented 1.4% of the total EU
emissions in 2017 [6].

The European Council called attention to the importance of decreasing GHG (greenhouse gas
emissions) and risks related to fossil fuel dependency in the transport sector, highlighting the
relevance of promotion of emissions reduction and energy efficiency in transport, for electric
transportation and renewable energy sources in transport also after 2020 [7].

The share of renewable energy sources in the transport sector in all EU countries increased between
2004 and 2017. The largest share was reported for Sweden (32.1%) and Finland (18.8%) well over the
European Union average (6%), and the two mentioned countries achieved the most significant growth
in the examined period of 17.8 percentage points and 25.2 percentage points, respectively (Fig. 3).
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Figure 3. Share of renewable energy in gross final energy consumption — Transport sector in 2004 and 2018
Source: [8]

The transport sector represents the second-highest proportion of total GHG emissions alongside fuel
combustion and fugitive emissions from fuels (without transport), the GHG emissions of the two
sectors relative to the total emissions were 24.6%, and 54% respectively in 2017. Although the GHG
emissions decreased in most sectors between 1990 and 2017, a substantial increase was observed in
the transport sector by 9.6 percentage points [6]. The GHG emissions in the transport sector increased
in most EU member states in the examined period, except for five countries (Sweden, Finland, Italy,
Lithuania, and Estonia) [9]. The energy sector accounted for the most significant CO; emission (84.4%)
in all sectors in 2017, while the transport sector represented the second-largest emission with a share
of 24% in the European Union [10]. Although the number of vehicles in the EU increased by 11% from
2010 to 2018, the average CO; emissions per kilometre from new passenger cars decreased by at least
10% in all EU Member States (Fig. 4.). The most significant decrease occurred in Bulgaria, Latvia,
Cyprus, Finland, Netherlands and Greece by 20%, 20.4%, 20.9%, 21.8%, 22.3% and 22.7%,
respectively [11]. The EU target for the CO, emissions of new cars already achieved in 2013 and the EU
average value was 119.5 grams of CO; per kilometre in 2015, below the target value. The EU fleet-wide
emissions increased to 120.4 grams of CO. per kilometre in 2018, while two countries’ values were
above the target value of 2015.
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Figure 4. The amount of decrease in average CO; emissions per km from new passenger cars in 2018 compared to
2010
Source: Ref [11]

Many investigations were carried out to analyse the life-cycle cost structures of vehicles, and to
compare the social and total owner’s costs of electric vehicles (battery electric vehicles - BEV, hybrid
electric vehicles - HEV) and conventional vehicles (internal combustion engine vehicles - ICEV) [12]-
[17]. Researchers highlighted the need of the government subsidisation to enhance market admission
of the electric vehicles since, for example, the battery-electric vehicles acquisition cost and the cost of
battery change represents high expenditures for the consumers. Studies established that the electric
vehicles perform worse in terms of total life-cycle cost compared the conventional vehicles [12], [13],
[15], [17].

Researchers revealed in the examination of the life-cycle emissions of electric vehicles and
conventional vehicles that the electric vehicles with coal-based electricity had the life-cycle emissions
higher relative to conventional vehicles [12], [18]. Wolfram & Wiedmann (2017) [19] identified that if
electricity production relied on coal power, the electric vehicles had a higher carbon footprint
compared to conventional vehicles, while the hybrid electric vehicles have the lowest carbon footprint.
Although the environmental impacts of electric vehicles strongly depend on the features of the
vehicles (vehicle and battery lifetime, energy used) and electricity production [18], [20], the European
Environment Agency [21] pointed out that countries that foster the market penetration of zero- and
low-emitting cars such as electric vehicles (battery electric vehicles (BEVs) and plug-in hybrid vehicles
(PHEVs)), can reduce the CO; emissions significantly. The positive change of the prementioned
indicator for the average CO, emissions from new passenger cars was partly attributable to the
increase in the number of alternative fuel cars. The number of new electric vehicles increased from
734 to 294 352 between 2010 and 2018, and this means that the ratio of new electric vehicles to the
total number of vehicles exceeds 2% in 2018 (Table 1).

223



International Journal of Engineering and Management Sciences (IJEMS) Vol. 5. (2020). No. 2
DOI: 10.21791/1JEMS.2020.2.28.

Battery electric Electric plug-in Total vehicles Share of electric vehicles (%)
2010 734 13181154 0,006
2011 7759 12 829 535 0,060
2012 13986 9000 12 031 054 0,191
2013 24175 31167 11868 737 0,466
2014 37 855 68 180 12 541978 0,845
2015 64 316 103553 13770826 1,219
2016 56 756 93707 14714 327 1,023
2017 97 143 126 898 15129 296 1,481
2018 148 454 145 898 14701 753 2,002

Table 1. Number of new electric vehicles in the EU-28 between 2010 and 2018
Source: Ref [22]

2. Recent trends in United States GHG emissions and renewable
energy policy

In 2017, total gross of GHG emissions in the U.S. was 6456.7 million tonnes (MT) CO. equivalent
(excluding emissions and removals from Land Use, Land Use Change, and Forestry, LULUCF),[23] as a
comparison, the EU emission in the same year was 4483.1 MT CO: eq.[10] Between 1990 and 2017,
total US emissions peaked in 2005 (Fig. 5.). Although comparing the 2017 data with 1990, the total
emissions have increased by 1.3 percent, since 2005, a steady decrease occurred until 2017 (-12%, -
882 MT CO: eq.) [23]. In recent years, the decrease in total GHG emissions was driven in part by a
decrease in emissions from fossil fuel combustion. This is the result of multiple factors, including a
continued shift from coal to natural gas and increased use of renewable energy in the electric power
sector. Electricity generation from renewable sources increased by 35.9 percent from 2013 to 2017
and natural gas generation increased by 16.3 percent over the same time period.
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Figure 5 Gross U.S. Greenhouse Gas Emissions by Gas
Source: Ref [23]
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During the entire time series since 1990, the largest part of CO; (the most important GHG) emission is
due to the combustion of fossil fuels. In 2017, fossil fuel combustion has accounted for 93.2% of the
CO; emission, and within this segment, transportation (36.7%), electric power sector (35.3%) and
other industrial combustion processes (16.5%) are the most significant sources [23]. The electric
power sector and industrial emissions decreased by 4.8 and 5.5 percentage points compared to 1990,
respectively. However, transportation-related emissions increased by 22.5% due, in large part, to
increased demand for travel and the fact that almost all of the energy used for transportation was
supplied by petroleum-based products. In 2017, the sources of nearly 60% of the transportation-
related GHG emissions were the light-duty vehicles, including passenger cars (41.2%) and light-duty
trucks (17.5%), e.i. sport utility vehicles (SUVs), pickup trucks, and minivans. The remaining emission
of this sector came from other modes of transportation, such as freight trucks (23.3%), commercial
aircraft (6.9%), ships and boats (2.4%), and trains (2.2%).

The US National Program for GHG emissions and fuel economy standards for light-duty vehicles was
developed jointly by the Environmental Protection Agency (EPA) and the National Highway Traffic
Safety Administration (NHTSA). The standards were established in two phases: model years 2012 -
2016 as Phase 1 [24]; and model years 2017 - 2025 as Phase 2 [25]. The U.S. standards for Phase 2 are
listed in Table 2, which are clearly less severe than the corresponding EU targets [7]. In September
2019, EPA and NHTSA issued a final action entitled the “One National Program Rule” to enable the
federal government to provide nationwide uniform standards [26]. This action finalizes critical parts
of the Safer, Affordable, Fuel-Efficient (SAFE) Vehicles Rule that was first proposed in August 2018
[27]. The technologies available for automakers to meet the Phase 2 standards include advanced
internal combustion engines and transmissions, vehicle weight reduction, lower tire rolling resistance,
improvements in aerodynamics, more efficient accessories, and improvements in air conditioning
systems. Some increased electrification of the fleet is also expected through the expanded use of
stop/start systems, HEVs, PHEVs, and BEVs.

2016 | 2017 | 2018 |2019 | 2020 |2021 |2022 |2023 |2024 | 2025

GHG  standard

i 250 243 232 222 213 199 190 180 171 163
(g/mile)

GHG — standard | yg5 | 157 | 144 | 138 | 132 | 124 | 118 | 112 | 106 | 101
(9/km)

Table 2. Combined Average Passenger Car and Light Truck GHG Emission Standards for Model Years 2017-2025
Source: Ref [25]

The energy policy of the United States is determined by federal, state, and local entities in the U.S,
which address issues of energy production, distribution, and consumption. A Renewable Portfolio
Standard (RPS) is a regulation that requires the increased production of energy from renewable
energy sources, such as wind, solar, biomass, and geothermal. There is no unified RPS program in the
U.S.: only 29 of 50 states established RPS mechanism, further 8 states set voluntary renewable energy
goals, while 13 states have no declared targets (Fig. 6).
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Figure 6 Renewable Energy Policy of U.S. States.
Source: Ref [28]

State RPS policies vary widely on several elements including targets, the entities they include, the
resources eligible to meet requirements and cost caps. In many states, standards are measured by the
percentage of retail electric sales. While most state targets are between 10% and 45%, 13 states -
California, Colorado, Hawaii, Maine, Maryland, Massachusetts, Nevada, New Mexico, New Jersey, New
York, Oregon, Vermont, Washington - have requirements of 50% or greater.

Due to the RPS policies, the annual total renewable energy production nearly doubled between 2000
and 2018 [29]. In the latest long-term projections, the U.S Energy Information Administration (EIA)
projects electricity generation from renewable sources such as wind and solar to surpass nuclear and
coal by 2021 to exceed natural gas in 2045 [30].

3. COz vehicle emission measuring procedures in the EU

The EU determined CO; emissions reduction targets (introduced in Regulation (EC) 2009/443 [31])
for new cars of 130 grams of CO; per kilometre until the end of 2019. From 2020 onwards, the
Regulation (EC) 2019/631 determines the specific emission targets. For the calendar year 2020, the
specific emissions of CO; for each new passenger car is 95 grams of CO; per kilometre, it must be met
by 95% of each car manufacturers’ newly registered cars. From 2021 100% of the certified vehicles
shall be involved in the calculation.
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The specific CO, target values that car companies must meet by 2021 are based on the New European
Driving Cycle (NEDC) test procedure. In September 2017 new European test came into force called the
World Harmonised Light Vehicles Test Procedure (WLTP) replacing the old NEDC. The NEDC was
designed in the 1980s, and it was lastly updated in 1995. As a result of technological advancements
and changes in driving conditions, it became obsolete. It used a theoretical driving profile, which was
overwritten by the WLTP’s real-driving data gathered from around the world. Due to the complexity of
WLTP the adaptation was phased in. All new passenger car models (PCs) are tested according to WLTP
since September 2017. For the registration of all new PCs the WLTP is mandatory since September
2018. It is also required for Light Commercial Vehicles (LCVs) since September 2019. Further
requirements are also obligatory since September 2019 including measurements of emissions deriving
from evaporation [32]. During 2020 the EC will convert NEDC-based CO; targets to specific WLTP-CO-
targets of comparable stringency.

The aim of the WLTP is to measure fuel consumption, CO, emissions, pollutant emissions and energy
consumption values of alternative powertrains (as well as the range of electric vehicles) in a more
accurate way. Therefore, the test procedure is much longer, more dynamic and focuses on more real-
world parameters than the previous NEDC test (Table 3).

NEDC WLTP
) Dynamic cycle more representative of real
Test cycle Single test cycle o
driving
Cycle time [min] 20 30
Cycle distance [km] 11 23.25
. 2 phases: 66% urban and 34% non-urban 4 more dynamic phases: 52% urban and
Driving phases . .
driving 48% non-urban driving
Average speeds [km/h] 34 46.5
Maximum speed
120 131
[km/h]
Influence of optional Impact on CO; and fuel performance not additional feature (which can differ per
equipment considered under NEDC car) are taken into account
Gear shifts Vehicles have fixed gear shift points Different gear shift points for each vehicle
Measurements at 23°C, CO; values
Test temperatures Measurements at 20-30°C
corrected to 14°C

Table 3. The most important differences between NEDC and WLTP tests

Source: Ref [32]

The WLTP test is a significant improvement over NEDC, as it much longer and the procedure involves
much faster accelerations, but it is still not appropriate for simulating real-world conditions. It
eliminates many former practices that car manufacturers used to artificially lower NEDC emission
results, like over-inflating tyres, and charging the battery before the test [33]. It also pays attention to
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the car’ weight, as testing in minimum and maximum weight is required. Therefore, WLTP tests are
generally much more representative than the former ones [34]-[37], but there is still a significant gap
between real-world emissions and the WLTP laboratory results. Based on measured data it can be
estimated that the approximately 15-31% additional increase can be observed in real-world situation
compared to the WLTP test [38], [39]. This gap is expected to grow in the near future mostly due to
adaptation to the procedure flexibilities [32].

Conclusion

According to the EU 2020 strategy and the Renewable Energy Directive adopted in 2018, the
renewable energy share should reach at least 20 % by 2020 and 32 % by 2030. The EU average of the
share of renewable energy in gross final energy consumption was 18% in 2018, less only by two
percentage points than the target of 20% in 2020. In 2018, the share of renewable energy as a
percentage of energy consumption already achieved the target for 2030 in five EU members. The EU
average greenhouse gas emissions in the EU decreased by 21.7 percent in 2017 compared to the 1990
level, thus going beyond the Europe 2020 goal of reducing the GHG emissions by 20 percent by 2020.
Moreover, five European countries already met the target for 2030 (the reduction of GHG emissions by
40% of the level in 1990). However, the emissions in the transport sector increased in most EU
member states between 1990 and 2017 with the exceptions of five countries.

Despite the diverse energy policies of the U.S. states, the total renewable energy production increased
by 90% between 1990 and 2018 and in the ranking of energy sources, renewable is predicted to
surpass coal and become 2nd only to natural gas within few years.

Climate policy in the U.S. has transformed rapidly over the past decades depending on the leading
political party and is being developed at both state and federal level. Partly because of the changing
policy, the gross GHG emissions hardly have shifted since 1990, in contrast to the impressive decrease
in the EU. By far the largest source of CO; is the combustion of fossil fuels. Among the fossil fuel using
sectors, electric power and industrial divisions cut the emissions to a small extent (4.8 and 5.5%,
respectively), but transportation-related emissions increased by 22.5% between 1990 and 2017.

In terms of CO; emission measurements, the new WLTP procedure is a significant development
towards more realistic measurements, compared to the outdated NEDC. Despite the progress, a gap
still exists between the laboratory test and the real-world emissions. Altogether, meeting the new
requirements will be a major challenge for the members of the sector.
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