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Executive Summary

According to the IPCéhere is unequivocal evidence thatimate change is heraffecting our
everyday Wes, our planetThe rising temperatures, the intensity and frequency of extreme events, the
ocean acidificatin, the melting of the glaciers, the rising of sea level areatlence of the changes
occurring It also widely accepted thamissions ofjreenhouse gaseas a result bhuman activityare
the maincause of this change.

The transportation sector contributes to almost30% of energy relatedCQ emissionsand is still
growing despite mitigation measurdtaxation, new engine technologies, alternative fuels Jetitie t©
infrastructure works, rising income and so .0Avoided journeys and modal shifts due to behavioural
change,together with other measuresand changes in the built environmentffer high miigation
potential, (IPCC, 2018l is clear from the above that cities play and will continue to playuaial role in
benefits such as improved local air qualityinimizationof traffic congestion, improved hdél option,
upgrade of commercial centres and more.

The transpat sector is also a major contributor ofassicahir pollutantsharmful topeople's health,
particularly in urban areas where trencentrationof carsand the densely builenvironmentcreate a
dangerouscombination Adequate knowledge of the sources of pollution, theasures necessary to
restrictthem and thespecial characteristics of the unbareais a prerequisite to developing effeive
mitigation policies, protecting human and environmental healne of themain challenges found by
the citiesinclude howto effectively communicate air qualitglimate changebeneficial measureto the
public andhow to achievehe development/formulation of policies/lawacrossall administrativelevels
by taking advantage of platforms/funding instruments designed to support them su€owehant of
Mayors,EUUrban Agenda and so orEEA(24/2018)

The main aim of theQyclurban project was tdocus on measures and actions to enhance cycling in
municipalities byanalyzinghe special characteristics of theirfiastructure, policies and procedures and
by helping them formulatestrategies Within that frame, in the presenteport the impact of cycling on
the urban air qualityis analged with the aid of indexesharacterizinghe air quality and comfort stati
as well as with the estimation on the reduction @HGemissions.The methodology intuded the
selection of typical municipalities located in tAgica Region which were eithecharacterizedasurban
traffic with no cycling path®r suburbaiurban backgroundvith cycling infrastructureMeteorological
(temperature,relative humidity, winglandair quality (NG, Os) data were collected and processed with
the aid of comfort and air quality indexes order to assess the quality of the environment and the
potential exposure of citizens to poor conditiorddoreover, road transporemissionsscenarios were



developed and tested the scope being the assessmetiteofeductionof GHGand ozone precursoris
the atmosphere.

The results clearly indicated that

- The existence of cyelg infrastructure, green spaces andss trafficis beneficial for the
environmentas it leads to better comfort conditionsspeciallyduring the warm period of the
yearwhere high temperatures and high humidity prevail while ozone production is enhanced.

- In more centralizedand high traffic areas the comfort and air quality conditions are burdened
since the absence of open spaces and timcentration of road activities generate poor
atmospheric conditions

- (tizens are exposed thigh levels of ozonmostly in areas where the traffic is not dense as it is
a secondary pollutant that is createdrough the transportation of freshfpmary emisions of
nitrogen oxides from central areadt was found thateven though some areas were
characterizedas urban backgroundr suburban the fact that they are locatedthin the Athens
basinmakes them vulnerable to high ozone concentrations.

- (tizens livingn urban traffic areas are mogtexposed to higher levetsf nitrogen dioxide as it
is formed through the emission of nitrogen monoxide that is instantly transformed in diokide. |
is a pollutantcharacterisic of urban traffic areas and it is higher close to the source.

- Suburban or urban background areas with cycling paths and more green are in general facing
less discomfort environmental conditis during the warm period of the yeam comparison
with those stayng at more central locations.dwever, discomfort conditios prevail in almost
all municilities studied.

- The various emissions scenarios sedlindicated that brae and severéraffic restrictionsare
needed toreduce significantly emissions GHGand ozone precursordt was found that an
almost 5@oredudion in all types of vehiclepéssenger cars, high duty vehiglesuld be more
effective.

- In order to enhance cycling in the municipality and national level, measures to restrict traffic as
well as citizen edudn actions are needed®emoving the habit of using a passenger car for
every type of trip requires serious upgrade tife public transport and cycling/walkg
infrastructure as well as targeted promotidnand educationahctivities towards citizens of all
ages and categories.

Introduction

It is well recognized by organizations such as WHO, IPCC that urban areas contribute to climate
change because of the concentration arfthropogenic activities that arboth sources of greenhouse
gases (GHG) and classical pollutastsh as carbon dioxide, carbon monoxide and nitrogen oxides that
are precursors to ozone. Tmeost importantsector istransportand inthis respect, it is accurate to say
that climate change rigation depends highly (but not only) on controlling the anthropogenic emissions
from urban areas and more importantly those from the transport sector.
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On November 8, 2017, the European Commission (EC) published its regulatory proposal-for post
2020 carlon dioxide (Cg) targets for new passenger cars and lighmmercial vehicles (vans). In
contrast to previous vehicle GQ@egulations, the new EC proposal does not specify @fgets in
absolute g/km terms but instead defines £€@duction requirements ipercentage terms. Under the EC
proposal, average newehicle C@emission levels would have to fall by 15% by 2025 and 30% by 2030.

Controlling the emissions from road transport is not simple as they depend on factors such as
vehicle technology, fuel typevehicle size and driver behaviour. Technical measures alone, in terms of
technologies that directly reduce emission from road vehicles, are insufficient to meet compliance with
urban air quality objectives. Thuslogicalsolutionwould bea reductionm car use.

This can alstacilitate accessibility to the major centers of interest and activities in urban areas. The
majority of people in all European countries recognize this fact. Already in 1991, a representative sample
survey conducted by the IUPTitdrnationalUnion of Public Transpor@arried out among 1 000 citizens
in each member country of the European Union indicated that 83 % of Europeans on average agreed
that public transport shoulcbe supportedover private cars. Another survey conductescently in
France confirmed these findings.

Cycling is one of those modes of transport that can effectively help in climate change mitigation and
improvement of local environmental conditions and consequently to a better quality of life. Technical
improvements as well as infrastructure work have made modern bicycles efficient and convenient to
use. It is important to note thatore than 30 % of trips made wittars in Europe cover distances of less
than 3km and 50 % are less than 5 kBnhancing bicyclese, along with other measures helps solve
traffic and environmental problems in towns, while it represents a solution which fits perfectly into any
general policy aiming to renhance the urban environment and improve the quality using few financial
resources.

Further insight on urban environment and cycling

Healthier Urban living

Everyone is familiar with the huge drawbacks of using a car inside an urban environment,
considering first and foremost the human health. Car traffic contributes to a consigepaoportion of
ambient air pdlution in cities. Factors such as the car fleete traffic conditions and lay out of the city
play an important role Car§emissions consist mainly of €é@nd other important greenhouse gases
such as black carbon anit pollutants of which the most important arparticulate matter and nitrogen
oxides (HEI, 2010n figure 1, one may observe that road transportation is the most significant mode.
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Car Fee day initiativestake place irevery major cityin Europe and thegre a good precursor of the
advantages of cdree cities in generalThe following image depicts steps towards car free policies, the
importance of other forms of transportatiolike the bicycle and the beneditfor the health of people

living in urban environments.
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Figure 2 Initiatives of caffree cities: Implementation andesults (Mark J. Nieuwenhuijsen, 2016)

Measures takerby Airparif, whichmonitors city air qualityin Pais, showed that levels of nitrogen
dioxide dropped by up to 40% in parts of the city on Sunday 27 September 2015, when cars were
banned. Another example of motorized traffic restriction is the London congestion zone, which resulted
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in a sustained reductioin vehicle numberghusredudngNO levels, while no imgawas measured for
PM1Q Last example is the city of Milan and its congestion charging zefered to as the Ecopass
area, which brings a significant difference in PM levels betwedhe Ecopas area and outside
(Ruprecht and Invernizzi, 2008). However, mor@tl black carbon (BC) reduced »§%40% in the
charging area (as compared outside). Likewise, car free Sundays implemented within the city also
showed a 75%78% reduction in BBlack Carbon is considered the second largest contributor to
climate change after carbon dioxide, thus its reduction through traffic restriction measures is important.

Climate change

Radiative forcing or climate forcing as defined by the Intergovernmental i on Climate Change
(IPCCQ), ithe influence a given climatic factor has on the amount of downwgirdcted radiant energy
AYLAY3IAY3T dzLll2y 9 NI KQ&a adaNFIF OSd /ftAYFGAO FI O02N&
activity (such as greenhouse gamissions and aerosol emissions) and those caused by natural forces
(such asolar irradiance)Positiveforcingis exerted by climatic factors that contribute to the wangiof
the 9 I NI KQa&a & dzNiEdatiDeSarcingdskeSetdsl by factors that codl. There are four main
mechanisms by which emissions from transport affect climate:

1 by emission of direct greenhouse gases, mainly CO

1 by emission of indirect greenhouse gases, i.e., precursors of troposphesicdases affecting
the oxidation capaty of the atmosphere, such as NOx, CO, and VOC

1 by the direct effect of emission of aerosols or aerosol precursors, in particular black carbon (BC),
organic carbon (OC), and sulfur compounds

91 by the indirect effect of aerosols, which trigger changes in tistridution and properties of
clouds.

The followingfigures depict the crucial role of @@missions from road transportation in radiative
forcing(source: IPCC, 2005)
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Figure 3.BRadiativeForcng of CQaccording to each mode

It is evidentthat CQ emitted from road transportation has the most remarkalalscending trend
since 1950, something that depicts also the greffect road emissions have on climate. In order to be
more specific theopic of radiative forcing, a few grapltanbe borrowedfromWI y Q&4 C@B0S & (i SR
report:
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Figure 4.A: Global mean RF (mW/m2) for 2000 due to transport, relative to preindustrial times.
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Figure 4.B: Global mean net RF (including all components in2Qd0rdue to transport, relative to
preindustrial times, per sector.

It comes without questionthat through CQ and road emissions have the largé@spact inradiative
forcing, contributing the most tthe global warming.

So, why cycling?

It is apparent thacycling effects cannot be actually measured, since very few cities in Europe have
0KS AYFTNFadNHzOGdzNBE (2 adzlll2 NI OeOtAy3a Ff2y3a OAGAS
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congestion, less traffiecolume anda lot more space for people to move arouttte city eadly. It also

means lowemoise and aipollution levels, thus healthier people who live more prosperous. Cycling is a
very nice vay to do your daily exercise that should be recommended for each and evBividual Last

but not least, with all theabove, somebody can haweehappy life, because almost everyone gets angry

at some point when he/she gets in front of the steering whaetfaffic congestion

Someone would argue that people cannot always get to their jobs by cycling, if they work 10 km
away from their hone for instance. While ycling is not the solution to everything, since the
infrastructure needs more expanding and bett planning but it can be used together with public
transportation or help us reduce unnecessary commuting

Cycling infrastructure

The importance of creating cycling infrastructure is related to the pydiception of cycling as
risky, since people pref safe transportation than making a good impact at the environment and that is
probably a mairreason why cycling is still not so popular and preferaBlsurvey carried out in 2010
among UK adults found that 86% selected cycling as the mode most aif iskffic accidents, as
opposed to 27% for other modes (Thornton et al., 2010). A similar study in Portland (USA) revealed that
there is significant potential for increasing cycling with a safer infrastracstating that 60% of the
resdents would cyle if safety was increased, 7% are enthused amwfident, less than 1% arershg
and fearless, and a propwn are not interested in cycling at all (33%) (Geller, 2012).

The creation of new cycling infrastructure is usually directly correlated to aease in modal shift.
A 2003 crossectional study in the commuting behaviour of 43 cities in the United States revealed that
every additional mile of bike lanes per square mile led to a 1 % increase in bicycle commuters (Dill and
Carr, 2003). A study c@ed out in Dublin in 2012 revealed that the construction of segregated cycling
lanes produced a 74.1% change in the opinion of residents on cycling safety, with 56.4% of the surveyed
people actually considering shifting to cycling due to these new infresstres (Caulfield et al., 2012).

All-in -all evaluation

Not every individual is keen on changing their mode of transportation and not every individual
thinks only their own comfort and privilege. It is a matter of education as well, whether the childgen ar
taught to love their habitat, to preserve it and to make this world a better one. In any choice there are
advantages and disadvages. However, in the case®fcling, it is well recognized that the advantages
can overrun the disadvantages and it is orant to promote it effectively toattract evenmore people
to this lifechanging activity.

A few Bctors thatmakebicycle useppealingare:

9 Efficiency avoids traffic problems such as traffic jams, easy to park, enables door to door
transport and iscompetitive with other modes ofrnsport over certain distances

1 Flexibility: notime or frequency restrictions

1 Economicalno fuel expenses, the purchase and maintereaotthe bicycle are economical

N.
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9 Ecological does not emit pollutants or greenhouse gashardly makes anyoise and takes
up little space

9 Healthy: it is an active mode of transport that encouesgpeople to exercise

1 Fun some users tee pleasure in riding a bicycle

On the other hand, there araétors thatin the most cases are proven crakin the choice of modal
shift and in the endnhibit bicycle use:

Distance distances to béravelled if they are too long

Danger perception of risk imelation to accidents or falls

Orography mountainous or hilly topography

Fitness poor physical corition.

Climate weather limitations such as raiwjnd, low or high temperatures

Vandalism fear of the bicycle being stolen

Facilities need for complementary facilities for personal hygiene, bicycle parking area at the
destination point, b keep the bicgle at home, etc

1 Comfort not as comfortale as other modes of transport

=A =4 =4 4 -4 4 4

Impact of road transport to Climate Change

Transportis one of the key contributors to past and future climate change. Historical emissions from
transportation contributedabout 9% of the temperature change in 2000, while this share may increase
to 20% in 2100. lis the second biggest source of greenhouse gas (GHG) emissions in the world,
accounting for more than one fifth of all emissions. Progress in reducing these amissiamong the
slowest of all sectors. Road transport is over 90% reliant on fossil oil aneh@€3ions are still growing.

They grew by 2.5% annually between 2010 and 2015 globally and are on track to become the largest
GHG emitting sector, especiailydeveloped countriefUNFCCCBorgar Aamaas)

It is imperative to take actions note achieve the goals that have been set in the Paris Agreement
In figure 5,eight key concepts towards the path of rendering the transport sector free of cadren
displayed Every aspect has supporters and even more rivals. Maybe one of the most crucgabpart
these initiatives is the reduction of unnecessary travel, simply becausgl@are becoming more and
more unwilling of shifting modes of transportation or sometimes even walk to their destination. Another
part of the most importance is theupply chan matter. Surelyglobalization has made the economies of
many countries flourish and has opened new dimensions in trading with people all over the world.
However this is costly, not only when money is considered, but also regarding the emissions from the
ways of transportation. Shipping, as the most preferaileans ofglobal transportation does not
contribute so much in the GHG emissions as aviation does and setoadiigh duty vehiclefor inland
transportation.

11



Road Map for Decarbonizing the Transport Sector in the Context of Sustainable Development

Roadmap for a ‘zero net emission’ economy early in the second part of the
century, to secure a ‘well below 2°C’ climate target called for in Paris Agreement
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The case of Europe

Road transportis responsible for almost one fifth of Europe's greenhouse gas emissions. Emissions
from vehicles also lead to high concentrations of air pollutants above EU standards in many of Europe's
cities. GHG emissions from transport have increaaed today, they arearound 16 % above the levels
of 1990.As emissions from other sources have decreased, the contribution that road transport makes to
total EU emissions has increased by around haffom a 13 % share in 1990 to almost 20 % in 2013
Road transport remains an important source of some of the nhastful air pollutants. In particular,
road transport isresponsible for significant contributions to emissions of nitrogen oxides (/s
‘primary' particulate matter (PM)Others, such as ozone and 'secondary' PM, form in the atmosphere
after emissions of precursor pollutants, including\d volatile orgaic compoundsThe extent to
which population andthe environment are exposed to harmful levels of air pollution is a complex issue,
dependent on how pollutants travel in the atmosphere, their mixing and how they react under different
meteorological condibns. Since emissions from such sources are in direct connection with the people
living in citiesthe population is more exposed tihem, in contrast to other sources like power plarits
remote areas
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EU (Convention) — Share of transport greenhouse gas emissions
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Figure 6.1: GHG emigss shares in the transportation sector in 2018)
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Figure 6.2: GHG emissions shares in the road transportation secto{201)
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Air pollution

Road vehicles emit a variety of greenhouse gases and air pollutants. As well as being emitted from
vehicle exhaustscertain pollutants are also released frdirakeand tirewearand from theevaporation
of fuel. The'regulated pollutants include:

1 Carbon dioxide(CQ): is the main product of fuel combustion in vehicle engines, along with
water. CO2 is the most significant GHG influencing climate change, posing a threat to public
health and the environment.

1 Hydrocarbons(HC3: are produced from either inconipte or partial combustion andre toxic
to human health. HCs and patrticularly the volatile organic compounds (VOCSs), contribute to the
formation of groundlevel ozone and photochemical smog in the atmosphere.

1 Carbonmonoxide (CQ: a product of incomplete combustion, which occurs when the carbon in
the fuel is only partiallyxidized forming CO and not GOIt is colourless and odourless but
highly toxic. Direct exposure to CO reduces the flow of oxygen in the bloodstreanis and
particularly dangerous to people with heart disease. Like HCs, CO also contributes to the
formation of groundlevel ozone and smog.

1 Particulatematter (PM): is a product of incomplete combustion and a complex mixture of both
primary and secondary PMPrimary' PM is the fraction of PM that is emitted directly into the
atmosphere, whereas 'secondary’ PM forms in the atmosphere following the release of
precursor gases (mainly sulphur dioxide {S@itrogen oxides (N£, ammonia (Nk) and some
VOCs). Inegrms of its potential to harm human health, PM is one of the most important
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pollutants, as it penetratesleep into the respiratory system and can cause or aggravate
cardiovascudr and lung diseases and cancer

1 Nitrogen oxides(NOx): constitute a group of dferent chemicals that are all formed by the
reaction of nitrogernt the most abundant gas in ar with oxygen. NQcomprises colourless
nitric oxide (NO) and the reddidbirown, very toxic and reactive nitrogen dioxide ENONG
emissions also lead to ¢hsubsequent formation of 'secondary’ PM and grodgenel ozone in
the atmosphere, and cause harm to the environment by contributing to the acidification and
eutrophication of waters and soils.

50,000

Global Greenhouse Gas Emissions by Gas, 1990-2010
40,000

30,000
20,000
[ HFCs, PFCs, and SF;
10,000 - :q:;ﬁ::, :dee
[ Carbon dioxide
0 .

1990 1995 2000 2005 2010

Emissions (million metric tons
of carbon dioxide equivalents)

Year
* HFCs are hydrofluorocarbons, PFCs are perfluorocarbons, and SF; is sulfur hexafluoride.
Data sources:
« WRI (World Resources Institute). 2014. Climate Analysis Indicators Tool (CAIT) 2.0: WRI's climate data explorer. Accessed May
2014, http://caitwriorg.
+ FAO (Food and Agriculture Organization). 2014. FAOSTAT: Emissions—land use. Accessed May 2014.
http://faostat3.fac.org/faostat-gateway/go/to/download/G2/%/E./bird/bacc/techreporthtml.

For more information, visit U.S. EPA's “Climate Change Indicators in the United States” at www.epa.gov/climate-indicators.

Figure 8: Emissions of GHG for the period

Pollutants emitted by vehicles that arot currently regulatedby vehicle emission standards in the
EU include: certain acidifying pollutants, such asg Blittl SQ (although emissions of the latter are
indirectly addressed via fuel quality legislation, whichténthe amount of sulphur permissible in fuels);
certain carcinogenic and toxic organic pollutants, such as polycyclic aromatic hydrocarbons (PAHS),
persistent organic pollutants (POPs), dioxins and furans; and heavy metals, such as lead, arsenic,
cadmium,copper, chromium, mercury, nickel, selenium and zinc.
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There are also these two very important greenhouse gases that have a huge iorpelitnate
change, sometimes more considerable than the aforementioned.

Methane (CH4 is emitted during the produadn and transport of coal, natural gas, and oil.
Methane emissions also result from livestock and other agricultural practices and by the decay of
organic waste in municipal solid waste landfillastly, nethane emissions are largely associated with
leakage from the production of natural gas and the filling of compressed natural gas vehicles

Fluorinated gases Hydrofluorocarbons, perfluorocarbons, sulfur hexafluoride, and nitrogen
trifluoride are synthetic, powerful greenhouse gases that are emitted frmariety of industrial
processes. Fluorinated gases are sometimes used as substitutes for stratospheriedeplmting
substances (e.g., chlorofluorocarbons, hydrochlorofluorocarbons, and halons). These gases are typically
emitted in smaller quantitiesput because they are potent greenhouse gases, they are sometimes
referred to as High Global Warming Potential gases ("High GWP g&sga$)emissions generalbpme
from air conditioners (including those in vehicles) and refrigerators

Last but not last comes thévlackcarbonand nonabsorbing aerosols, emitted mainly during diesel
engine operation, have short lifetimes in the atmosphere of only days to weeks, but can have significant
direct and indirect radiative forcing effects and large regiongldats (Ralph Sims)

Types of vehicle emissions

Vehicles emissions can bategorizednto three groups:

9 Exhaust emissiong the emissions produced primarily from the combustion of different
petroleum products such as petrol, desnatural gas (NG) and liquefied petroleum gas (LPG).
These fuels are mixtures of different hydrocarbons, i.e. compounds that contain hydrogen and
carbon atoms. In a 'perfect' engine, oxygen in the air would react in a combustion process with
all of thehydrogen in the fuel to form water and with all of the carbon in the fuel to form CO2,
and the nitrogen in the air would remain unaffected. In reality, s@mbustion process is
'‘perfect’, thusvehicle engines emit many different pollutants in addition tater and CO2. The
amount of each pollutant emitted is very dependent on the type of fuel used, e.g. whether a
vehicle is diesel or petrol powered, and engine technology.

9 Abrasion emissiong the emissions produced from the mechanical abrasion and corrasfion
vehicle parts. Abrasion is only important for PM emissions and emissions of some heavy metals.
Significant levels of PM emissions can be generated from the mecthaabrasion of the
vehicle's ties, brakes and clutch, the road surface wear or the aon of the chassis,
bodywork and other vehicle components.

1 Evaporative emissionst the result of vapors escaping from the vehicle's fuel system.
Evaporative emissions are important for only VOCs. Petrol apbr contains a variety of
different HCs, with can be emitted any time there is fuel in the tank, even when the vehicle is
parked with its engine turned off.
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Carbon dioxide emissions from Europe's heavy -duty vehicles

In EU28, HDVs4 mixture of different types of trucks, buses and coaglage curently responsible
for 27 % of road transport carbon dioxide gE@missions. Since 1990 thesmissions have increased by
25% and they are projected to further increase. Society is greatly reliant on HDVs; they have a huge
impact in logistics sector andowtribute to Europe's societal and economic developmeamithout
additional actions to curb CO emissions, the share of road transport CO emissions for which the HDV
sector is resporiBle is set to increase from 27 in 2016 to 32 % in 2030. Such increasesrissions are
not compatible with the EU's loAgrm policy objective of reducing GHG emissions from transport by at
least 60 % by 2050.

The largest contributors to HDV CO emissions in th@&#ke, by size, Germany, France, the United
Kingdom, ltaly,Spain and Poland. Since 199@ countries mody responsible for the increase in CO
have been Germany (+14.9 million tonnes of CO (MtCO )), Poland (+9.9 MtCO ) and Spain (+7.3 MtCO ).
Together, these three countries have accounted for more thanttwals of the total increase in HDV
CO emissions in the E23. (EEA, 2018)

YO EO 110 111U OOAT OPT OOAOETT EOOAI &8
When someone is talking about transportation impact on the climate, one should not only consider
the various means ofansport and their footprint in the environment. One should also think about the
way people travel The climate impact of transportation is expected to differ with different travel
behavior, both at the national level and for individual behavior. Survdysravel behavior are
performed on a regular basis in several countrdige Germany, SwitzerlandNorway and the USA.

Linked with emission factors, the travel behavior is translated to emissibtesfollowing facbrs can be
considered:

1. Driving your cam an aggressive way makes you emit more pollutants to the environment.

2. Using cars for short distances.

3. Families or individuals with high income are responsible for almost 20% of the total climate
impact. This can be attributed to the fact that, besidemgsars of highepower, they also tend
to use airplanes a lot more frequently, with aviation being after road transportation, the largest
emitter and contributor to the climate chang@Borgar Aamaas)
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GHG ard Greek Road Transport

According to K.M. Fameli andD. Assimakopould&.M. Fameli, 2015)ylespitethe efforts through
the years, the problem of GHG and road pollutants in genstilllexists The results revealed that abbu
40% of national CQCO, VOC and NMVOC values and 30% of NOx and particles are emitted in Attica
only, a place of approximately half the population of the whole country. The major part of CO (56.53%)
and CO2 (66.15%) emissions was due to passenger2td@)( while heavy duty vehicles (HDVs) were
connected with NOx, PM2.5 and PM10 emissions with 51.27%, 43.97% and 38.13% respectively (2010).

Table 1
National total emissions (Gg) and emissions from road transport (Gg) for the year 2010 for
Creece (as reported to CLRTAP in 2012 — WebDab — EMEP database).

2010 co NOx NMVOC  PM,-
National total 526.53 321.62 18438 62.81
Road transport 317.78 10356 3909 4.40

% contribution to total emissions  (60.35%) (32.20%) (21.20%) (7.00%)

Table 1: Total National and Road emissions for Greece in(E@tteli and Assimakopoulos, 2015)

Details are shwn in the table 1 above, where the dominant pollutant is clearly the CO2 with over
50%.

According tdUNFCCC repgiin 2015, GHG emissions (without LULUC&Nd Use, Land Use Change
and Forestry amounted to 95.7 Mt CO2 eq showing a decrease of 9.64%pamuh to base year
emissions and of 7.15% compared to 1990 levels. If emissions / removals from LULUCF were to be
included then the decrease would be 8.25 % (from 100.9 Mt CO2 eq in 1990 to 92.6 Mt CO2 eq in 2015).

Carbon dioxide emissions accounted for386 of total GHG emissions in 2015 (without LULUCF)
and decreased by approximately 10.09% from 1990. Methane emissions accounted for 10.68% of total
GHG emissions in 2015 and decreased by 6.31% from 1990, while nitrous oxide emissions accounted for
4.71%0f the total GHG emissions in 2015 and decreased by 39.29% from 1990. Fgeslys emissions
(from production and consumption) that accounted for 6.17% of total GHG emissions in 2015 were
increased by 42.70% from 1995 (base year fgages)(UNFCCC, 2018)

An overview of GHG emissions for the time period 12905 is presented in Table 1.1a and Table
1.1b, while emissions/removals per sector are presented in Table 1.2a and Tabl@\honal report,
MEEN)



Cyclurban

Table 1.1a Total GHG emissions in Greece (in kit CO; eg) for the period 1990-2002
1980 1991 1992 1993 1994 1995 1996 1987 1998 1999 2000 2001 2002
A. GHG emissions per gas (excluding LULUCF)
CO:z 8337536 8335094 8491580 8422945 86309199 8694564 8909855 9380420 9862477 9794165 10298230 10536898 10501140
CHe 10,906.61 1091921 1101398 1103871 1114872 1130320 1147176 1141984 1184053 1163436 116288 1093764 1102364
N20 74832 7.289.30 7,134.00 6.575.73 6.458.52 6.662.98 6.835.07 6,675.00 6.602.04 6,560.21 6.328.64 620493 6,161.18
HFC 1,182.82 1.400.08 1,149.07 203244 27121 4,157.38 482017 5,166.49 5,767.51 6,721.15 526183 478138 5,090.07
PFC 19026 191.19 187.74 11294 70.31 62.85 5373 12564 15548 105.31 12226 8410 8829
SFs 293 302 n 320 329 342 351 3156 380 369 381 388 4.06

Total ! 10315373 10440370 1 13547 112,282.79 11719453 1 127,378.64
B. GHG emissions/removals from LULUCF

CO: 224582 241851 -2513.10 -287918 272186  -297506  -238937 208205 -201603  -264714  -233938  -263066  -2903.34
CHe 62.18 30.91 91.27 81.38 7592 43.05 26.07 5740 156.40 1192 206.51 21.78 3.79
N2O 562 3.30 873 852 835 5.94 5.04 818 1673 5.34 2185 ™ 5.93
Total -2178.02  -238430  -2413.10  -2889.29  -2,637.58  -2926.07 -235825  -201648  -184291  -2620.89 -2111.21  -259548  -2,893.62

C. GHG Emissions from International Transport
GOz 10,580.51 956944  10,76245 1233240 1339320 1400440 1253032 1247575 1376730 1282923 1401848 1351365  12,342.00
CH: 17.08 15.33 1762 2062 2176 23.02 2054 2062 2327 2063 2394 2362 21.19
N0 25170 251.00 308.49 34327 37947 439.18 363.52 362.02 366.45 34203 365.90 316.01 28545
Total 1085529 983577 11,088.56  12,696.30 1379452  14.466.58 1291438  12,858.38 14.157.02 1319189 1440832 1385328  12648.64
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