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p@zztzmym vlastnasaam, ma az pr‘dzs negatzvny vp{yv na Zivotné prostredw Cestna
doprava, ma mimoriadne negativny vplyv na kvalitu ovzdusia, ¢o sa tyka hlavne plynného
znecistenia a znecistenia tuhymi Casticami. Najvyssie znecistenie z cestnej dopraw je najmd

v centre mesta, kde je najviac sistredend verejnd doprava. '

Automobilova doprava je v sucasnosti najvicsim producentom NO, (51 E;V) Je to hlavny
dovod hl adama rzeiem znizovania mnozstva emisii NO, z dopraw

Kl’uc&ve slova' emzsze za studena emisie za koruf:a, MEET oxzdy duszka

Abstract: Raad traﬁ' ic is an inseparable component part of contempamfy community. But
for all that positive characteristics has too negative impact to environment. Road traffic has
negative impact pamcularly at air quality with gas and solid pollutants. Highest air
pollution from road traffic impact is esper:zalb: in downtowns where zs maxzmum
concentration of public road system. '

Traffic, mostly air and car traffic is the bzggest producer of NO (51 / ) in present This is
the main reason fbr f ndmg soiutzons to reduce the amount of NOx emissions in tmﬁ" .
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1 UvVOD

Cestna doprava sa podiel'a celosvetovo az
51 % na emisiach oxidov dusika. V ramci
Eurdpskej unie je tento podiel az 67 %.
Z tychto Cisel  je zrejmy ich
environmentalny vyznam spojeny sich
zvySenym emitovanim do ovzduSia. Tento
vyznam e$te viac narastd s lokalizaciou do
uzlov snajvd¢Sou hustotou cestnej
dopravy, t.j. v mestach.

Cielom tohto prispevku je vycislenie
mnozstva produkovanych emisii NOy
osobnymi automobilmi spalujice LPG ako
primarne palivo, mnoZstvo emisii NOy
emitované osobnymi automobilmi
pouzivajucimi ako palivo Standardné
uhlovodikové ropné palivo (benzin)
a suCasne na vybranej modelovej skupine
osobnych  benzinovych  automobilov
s pouzitim LPG ako alternativneho paliva.

CHARAKTERISTIKA NOy

Ku vzniku oxidov dusika dochadza vzdy
pri zohriati vzduchu, ktoré nastdva pri
spalovani paliv. Mnozstvo oxidov dusika
zavisi na teplote procesu, ¢im je teplota
vy$sia, tym je ich produkcia vysSia.
V motorovych vozidlach dochédza
k tvorbe oxidov dusika v dosledku
vysokého tlaku a teploty v spalovacom
motore, pri  ktorej reaguje dusik
s kyslikom. Viac ako 90 % oxidov dusika
je emitovanych vo forme oxidu dusného
(NO). Vo vzduchu sa vSak tento plyn
rychlo meni na oxid dusi¢ity (NO2). NO
sa meni na kyselinu dusi¢ni , ktora sa
spaja so vzdu$nou vlhkostou a vedie ku
vzniku Kyslych dazd’ov. Emisie N>O nicia
ozoénovi vrstvu a predstavuju tiez tzv.
sklenikovy plyn sposobujuci klimatické
zmeny.

METODIKA VYPOCTU EMISII NO,

Na vypocet, resp. odhad emisii oxidov
dusika z cestnej dopravy v meste KoSice
bola pouzitda metodika MEET. Tato
metodika bola  vyvinutd  empiricky
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1 INTRODUCTION

Worldwide, the road traffic participates on
nitrogen oxides emissions by up to 51%.
This proportion increases up to 67 %
within the EU. These figures show an
obvious environmental influence of these
emissions in relation to their growing
volume emited into the atmosphere. Their
influence increases even more with the
concentration of road traffic into
downtown areas with the highest traffic
density.

The objective of this report is to quantify
the volume of NOy emissions produced by
passenger cars combusting LPG as primary
fuel, the volume of NOyx emissions
produced by passenger cars combusting
standard hydrocarbon oil fuel (gas) and
NO, emissions produced by a selected
model group of passenger cars combusting
LPG as alternative fuel.

NO, CHARACTERISTICS

Nitrogen oxides accrue always when air is
heated, which is aresult of fuel
combustion. The volume of nitrogen
oxides depends on process temperature.
With increasing temperature increases also
the volume of emissions produced. Motor
vehicles produce nitrogen oxides as
a consequence of high pressure and
temperature in the combustion engine,
when nitrogen and oxygen react together.
More than 90% of nitrogen oxides are
emited in form of nitric oxide (NO).
However, NO rapidly changes in the
atmosphere into nitrogen dioxide (NO).
NO, changes into nitric acid and combined
with air humidity gives rise to the
formation of acid rains. N,O emissions
deplete the ozone layer and are one of the
gases know as greenhouse gases causing
climatic changes.

NO, EMISSIONS CALCULATION
METHODOLOGY

For the calculation, or rather estimation, of
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s pouzitim udajov z mnohych eurdpskych
testovacich programov [1], [3].

Metodika odhaduje emisie na zaklade
vSeobecného vztahu

E=ea (1)
Kde:
E je mnozstvo danej emisie,
e je miera emisie na jednotku aktivity,
a je objem dopravnej aktivity.

Tato rovnica je platnd pre emisie na
vSetkych twrovniach, od jednotlivého
motora po cely vozovy park aod
jednotlivej cesty po celu cestni siet
v Eurdpe.

Pre odhad mnozstva emisii bol navrhnuty
vzt'ah:

E=F +E__+FE

hot start
Kde:
E je celkova emisia,
E;: je emisia produkovand, ak je motor
zohriaty,
je emisia, ak je motor studeny,
je emisia v dosledku vyparovania
(iba pri prchavych organickych
zluCeninach).

evaporative

)

Esar

Eevep

METODIKA VYPOéTU ZVYSENYCH
EMISIH VZNIKAJUCICH PRI
STARTE ZA STUDENA

Metéda navrhovana v projekte MEET pre
pdhad emisii vznikajicich pri Starte za

studena  bola  vyvinutd  empiricky
§ pouZitim udajov zhromazdenych
z mnohych eurdpskych testovacich
programov.

Vramci  projektu  boli  zozbierané

a analyzované udaje dolezité pre meranie
emisii so studenym motorom a s horucim
motorom na tom istom vozidle aza tych
istych testovacich podmienok. Osobny
automobil bol jedinym typom vozidla, pre
ktoré bolo  kdispozicii  dostatocné
mnozstvo udajov. Tato kategéria bola
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volume of nitrogen oxides emissions
produced by road transportation in KoSice,
the MEET methodology was used. This
methodology was empirically developed
with usage of data from many european
testing programs [1], [3].

MEET methodology estimates emissions
upon an universal formula:

E=ea (1)
Where:
E is the amount of emission,
e is the emission rate per unit of
activity,

a is the amount of transport activity.

The equation is valid for emissions on all
levels - for a single engine as well as the
entire fleet, for a single road as well as the
entire road network in Europe.

For the estimation of the volume of

emissions the following formula has been
designed

E=E_+E .+E

hot start evaporative (2)
Where:
E is the total emission,
E;,; s the emission produced when the

engine is hot,

Egue 1s emission produced when the
engine is cold,

E,., is the emission by evaporation
(only for VOC).

METHODOLOGY FOR

CALCULATION OF EXCESSED

COLD-START EMISSIONS

Methodology designed in the MEET

project, used to estimate the volume of
emissions produced during a cold engine
start, was empirically developed with
usage of data from many european testing
programs.

Within this project, data important for
emissions calculation was gathered and
analysed for cold as well as heated up
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d’alej rozdelend na dieselové a benzinové
automobily, pri ktorych boli sledované
automobily s katalyzatorom abez
katalyzatora.

Podla metodiky MEET sa referentna
hodnota zvySenych emisii pre kazdy typ
$kodliviny a vozidla definuje ako hodnota
zodpovedajica Startovacej teplote 20 °C
apriemernej rychlosti 20 kmh™. Tato
referenéna hodnota sa opravi pre skuto¢ni
Startovaciu teplotu a priemernu rychlost’
apre najazdent vzdialenost (niektoré
jazdy su kratsie ako vzdialenost nutna
k plnému zohriatiu motora apri tychto
jazdach nedédjde k produkcii celkového
mnozstva zvySenych emisif) pomocou
funkcie odvodenej vramci projektu na
zéklade rozborov z vysSie uvedenych dat

[1], 3], [4].

Vzorec pre vypocet zvySenych emisii je
funkcia priemernej rychlosti, teplota okolia
a najazdend vzdialenost’ v nasledujicom
tvare:

E,p =0l (V)+g(t)-1}id)

3)

Kde:

f(V) je funkcia priemernej rychlost
v km/h pocas studenej doby,

g) je funkcia teploty v °C (teplota
prostredia pre  studeny  Start,
Startovacia teplota motora),

h(d) je tzv. oprava zvySenych emisii,
vyjadrend ako funkcia najazdenej
vzdialenosti,

() je referencnd hodnota zvySenej
emisie.

REFERENCNA HODNOTA

ZVYSENEJ EMISIE

Referen¢na hodnota pre zvySené emisie sa
definuje ako mnoZstvo produkované pri
priemernej rychlosti 20 km/h, Startovacej
teplote 20 °C a pri dostatoéne dlhe;j jazde,
aby mohol motor dosiahnut’ stav plného
zohriatia.
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engines in the same vehilce and under the
same circumstances. Personal passenger
car was the only vehicle type with a
sufficient amount of data. The category of
personal passeneger cars was subdivided
into gas combusting and diesel combusting
vehicles. In each one of these sub-groups,
both engines with and without a catalyzer
were analysed.

According to MEET methodology, the
reference value of excessed emissions for
each pollutant and vehicle type is defined
as the value responding to starting
temperature of 20°C and average speed of
20 km.h™. This reference value is adjusted
for the actual starting temperature, average
speed and driven distance (some driven
distances are shorter than the distance
necessary for a full engine heat-up and by
these distances, the total quantity of
excessed emissions is not produced) using
a function derived within this project
according to the analysis of data as was
remarked above. [1], [3], [4].

The formula for calculation of excessed
emissions is function of average speed,
environment temperature and driven
distance in following form

E,p = 0]/ (V)+g(r)-1}hd)

3)
Where:
Eqare for atrip is expressedin g,
f(V) s function of average speed (km/h)
during cold period,
g(t) is temperature function (°C)

(environment temperature of cold
start, starting engine temperature),

h(d) is so-called excessed emissions
correction, expressed as driven
distance function,

@ is referencce value of excessed
emission.

REFERENCE EXCESS EMISSION

The reference value for the excess
emission is defined as the amount
produced at an average speed of 20 km/h.
with a start temperature of 20°C, and over
a trip long enough for the engine to reach
its fully warmed-up condition.
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Tab. 1 Referencna hodnota zvySenej emisie @
Tab. 1 Reference excess cold-start emission @

Typ osobnych automobilov/
Passenger car type

Referentni hodnota zvy3enej emisie (o) pre NO, /

Reference value of excessed emission (@) for NO,

Diesel cars with catalyst

Benzinové automobily s katalyzatorom/ L7
Gasoline cars without catalyst

Benzinové automobily bez katalyzatora/ 0,30
Diesel cars without catalyst

Dieselové automobily s katalyzatorom/ 0,03
Gasoline cars with catalyst

Dieselové automobily bez katalyzatora/ 0,06

VPLYV PRIEMERNEJ RYCHLOSTI

Vplyv priemernej rychlosti pre zvysené
emisie sa v metodologii MEET uvazuje
pomocou funkcii f(V), ktoré rovnako
slizia koprave referenénej hodnoty
zvySenych emisii vo vzorci 1, ktory je
upravovany tak, aby stanovil hodnotu
emisii pri rychlosti 20 km.h-1.

Tab. 2 Funkcia rychlosti f(V)
Tab. 2 Speed correction function f(V)

EFFECT OF AVERAGE SPEED

Specific functions are used in MEET to
take into account the effect of average
speed on the excess emissions f(V) and to
correct the reference excess emissions in
the above general formula; they are
normalised in order to give a value of one
at 20 km/h.

Typ osobnych automobilov/ Passenger car type

Funkcia rychlosti (f(V)) pre studeni dobu prevadzky/

Speed correction function (f(V)) for cold period

Benzinové automobily s katalyzatorom/
Gasoline cars without catalyst

0,0636.V-0,2712

Benzinové automobily bez katalyzatora/
Diesel cars without catalyst

0,1136.V -1,2727

Dieselové automobily s katalyzatorom/
Gasoline cars with catalyst

-0,0227.V + 1,4545

Dieselové automobily bez katalyzatora/
Diesel cars with catalyst

-0,0227.V + 1,4545

VPLYV TEPLOTY OKOLIA

ZvySené emisie maji vSeobecne rastiucu
tendenciu zniZovanim S$tartovacej teploty.
Funkcie, ktoré vyjadrujii zvySené emisie
s prihliadnutym k S$tartovacej teplote, boli
vytvorené pomocou linearneho modelu
a upraven¢ tak, aby pre Startovaciu teplotu
20 °C bola vysledna hodnota rovna 1.
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EFFECT OF AMBIENT

TEMPERATURE

In general the excess emissions tend to
increase as the start temperature is reduced.
The functions, expressing the excess
emission in terms of the start temperature,
were determined using a linear model and
were normalised to give a value of 1 for a
start temperature of 20°C.
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Tab. 3 Funkcia teploty okolia g(T)

Tab. 3 Temperature correction function_g(T)

Typ osobnych automobilov/ Passenger car type

Funkcia teploty okolia pre studeny Start g(T) pre NO,/
Environment temperature function for cold start g(T) for

NO,

Benzinové automobily s katalyzatorom/
Gasoline cars without catalyst

1

Benzinové automobily bez katalyzatora/
Diesel cars without catalyst

1

Dieselové automobily s katalyzatorom/
Gasoline cars with catalyst

dc=0,02.V + 2,83

Dieselové automobily bez katalyzatora/
Diesel cars with catalyst

dc=0,02.V +2,83

VPLYV
VZDIALENOSTI

NAJAZDENEJ

Emisie z vozidla sa stabilizuju len vtedy,
ak je vozidlo uplne zohriate, pred
dosiahnutim tejto podmienky musi vozidlo
najazdit’ ur¢itt vzdialenost - studena
vzdialenost. Tato vzdialenost sa meni
podla typu vozidla, sposobu riadenia
vozidla (priemerna rychlost), teploty
okolia a konkrétnej Skodliviny.

ZvySené emisie sa produkuju v priebehu
celej studenej vzdialenosti apri kratSich

jazdach nevznikd celkové mnozstvo
zvySenych  emisii, ktoré by  boli
vyprodukované pri dlhiej jazde za
rovnakych podmienok.

Opravy zvySenych emisii (h(d) vo

vieobecnom vzorci) pre kratSie jazdy ako
pre studeni vzdialenost' st vyjadrené ako
funkcie pomeru dizky jazdy k studenej
vzdialenosti, teda plati

_ ,-ad
i)~
¢ “4)
Kde:
o je pomer vzdialenosti celkovej
jazdy a studenej vzdialenosti,
a je konsStanta.
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EFFECT DISTANCE

TRAVELLED

OF

Vehicle emissions stabilize once the engine
is completely heated up. To do so, the
vehicle has to outdo a certain distance —
cold distance. Cold distance varies
according to vehicle type, driving style
(average speed), environment temperature
and specific harmfull pollutant.

Excessed emissions are produced during
the entire cold distance period. By shorter
distances, the total volume of excessed
emissions, which would be produced under
the same circumstances but by alonger
driven distance, is not produced.

Excessed emissions corrections (h(d) in the
general formula) for distances shorter than
the cold distance are expressed as
functions of proportion of driven distance
to cold distance, so then:

-ad
wa)- =
—¢ 4)
Where:
o is the ratio of the trip distance to
the cold distance
a 1S a constant.
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Tab. 4 Koeficienty a pre vypocet faktora korekcie najazdenej vzdialenosti h(d)
Tab. 4 Coefficients a used to_calculate the distance correction factor h(d)

Typ osobnych automobilov/ Passenger car

Opravy zvySenych emisii h(d) pre NO, — koeficient a/

type EXxcessed emissions corrections h(d) for NO, — coefficient a
Benzinové automobily s katalyzatorom/ 2.3

Gasoline cars without catalyst

Benzinové automobily bez katalyzatora/ 2,54

Diesel cars without catalyst

Dieselové automobily s katalyzatorom/ 0,89

Gasoline cars with catalyst

Dieselové automobily bez katalyzatora/ 0,89

Diesel cars with catalyst

EMISIE ZA HORUCA HOT EMISSIONS

Emisie za hortica su emisie produkované
po tom, ked motor asystém kontroly
zneCistenia  vozidla  dosiahli  svoju
normalnu prevadzkovi teplotu. Pokial’ je
znama emisia na jednotku aktivity
acelkovd aktivita za Casovy rozsah
vypoctu, mézu byt vypocitané pomocou
rovnice:

E,, =em (5)
Kde:
Enot je emisia v jednotkdch hmotnosti za
jednotku ¢asu (t/rok),
e je faktor emisie za hortica (g/km),
m je aktivita, vyjadrena vzdialenost’
najazdenou za jednotku Casu
(km/rok).

Aktivitu m potrebna pre vypocet emisie
podl'a rovnice 5 sa definuje podl'a vzt'ahu:

m=n.l (6)
Kde:
n je  pocet vozidiel v kazdej
definovanej kategorii,
1 Je priemerné vzdialenost’ najazdena
vozidlami danej kategérie za
Jednotku ¢asu, v km/rok.

Pre pouZitie uvedenej rovnice je potrebné

poznat’ nasledujice tudaje:

*  pocet vozidiel pre kazdu kategériu
vozidiel,

»  celkovu ro¢nu vzdialenost’ najazdent
kazdou kategdriou vozidiel,

»  percentudlny podiel tejto vzdialenosti
najazdenej na jednotlivych triedach
ciest,
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Hot emissions are produced after the
engine and the control system have
reached a normal operative temperature. If
an emission per a unit of activity and total
activity for the calculation time range are
known, hot emissions can be calculated as:

E, =em

hot (5)
Where:
Enet  1s the emission, in units of mass per
unit of time (t/year),

is the hot emission factor (g/km),

m is 1is the activity, in distance

travelled per time unit (km/year).

4]

The activity m (in equation 5) required for
the emission calculation according to the
above equation is defined as:

m=nl (6)
Where:
n number of vehicles in each defined
category,
1 average distance driven by category

vehicles per time unit ( km/year).

To be able to use the given equation,
following data must be known:

e  number of vehicles for each category
of vehicles,

e total driven distance by each category
of vehicles,

e  percentage of driven distance for
each road type in comparison to total
driven distance,
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e  priemernu rychlost na kazdom type
komunikacie,
e  emisny faktor.

METODIKA VYPOCTU EMISH NOX
ZA HORUCA

Vypocet emisii NOyx za horuca je
jednoduchsi ako vypocet emisii za studena.
Pri tomto vypolte sme sledovali iba
rozdelenie automobilov podla
spalovaného paliva apodla obsahu
motora. PouZivanie katalyzatora sme pri
tomto vypocte neuvazovali.

Samotny vypocet sa uskutocnil podla
vztahu 3. Pouzit¢é emisné faktory st
uvedené vtabulke 3. Ako najazdent
vzdialenost sme brali do twvahy dizku
kazdého scitacieho useku.

Tab. 5 Emisné faktory pre osobné automobily

Tab. 5 Emission factors for passenger cars

° average speed for each road type,
e emission factor - average speed
correlation

CALCULATION METHODOLOGY
FOR HOT NOX EMISSIONS

NO, emissions calculation is easier for hot
emissions than for cold emissions. At this
calculation, vehicles were divided into
groups according to engine type and
consequently according to cylinder
capacity. The use of a catalyzer was not
considered.

The calculation was performed following
formula nr. 5. For the driven distance value
the length of each additive sector was
considered.

Automobil/ Fuel type Objem ncl;)[t)(;l:ilinyhnder Emisny faktor [g.km™]/ Emission factor [g.km™|
do 1400 cm® 1,173 +0,0225.V — 0,00014.V*
Benzinovy/ Gasoline od 1400 do 2000 cm’® 1,36 +0,0217.V — 0,00004.V?
nad 2000 cm® 1,5+ 0,03.V + 0,0001.V?
Dieselovy/ Diesel do 2000 cm’ 0,918 — 0,014.V + 0,000101.V?
nad 2000 cm® 1,331 - 0,018.V + 0,000133.V?
LPG vSetky objemy 0,00004.V%-0,0063.V+0,5278

Pri vozidlam spohonom na LPG pri
horticich emisiach NOy nerozliSuje
metodika MEET pri vypoéte objem

spalovacieho motora osobného
automobilu.

CHARAKTERISTIKA CESTNEJ
SIETE

Cestna siet vramci mesta KoSice
pozostava zciest 1., II., IIl. triedy a tzv.
mestskych komunikécii v §irSom centre
mesta [1], [2].

S¢itanie sa uskutoc¢nilo na tychto cestach:

e [ trieda (cesta ¢. 50 a ¢. 68),

e I trieda (cesta €. 547, 548, 550, 552),
o III. trieda (cesta ¢. 050168, 050184,
050187, 050191, 050192, 050201),

e mestské komunikacie (cesta ¢. 90000).
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MEET methodology, for the calculation of
hot emissions, does not divide LPG
combusting engine vehicles into any
categories based upon cylinder capacity.

ROAD NETWORK
CHARACTERISTIC

Road network in KoSice consists of 1., II.,
II1. class roads and so-called urban roads in
the city centre. [1], [2].

Census took place on these roads:

e . class (road no. 50 and no. 68),

e II. class (road no. 547, 548, 550, 552),
e III. class (road no.050168, 050184,
050187, 050191, 050192, 050201),

e urban roads (road no. 900000).
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Tab. 6 Useky cestnej siete
Tab. 6 Road traffic segments

- z Pocet usekov zaradenych do vypoétu/
Typ cesty/ Road type Celk;"\;);l]‘):té:;;l:;l;oe\;/ tsTotal Number of segments;',ntegrate)t’;)into
calculation

1. trieda/ . class 31 18
IL. trieda/ II. class 30 9
111 trieda/ III. class 36 11
mestské komunikacie/ Urban roads 28 21

KATEGORIE OSOBNYCH PASSENGER VEHICLES

AUTOMOBILOV CATEGORYIES

Pri vypocte emisii zcestnej premavky
osobnych automobilov v mestskom
meradle (mesto KoSice) boli pouzité¢ udaje
o zloZeni cestnej premavky na vybranych
usekoch zo s¢itania uskutocneného v roku
2005.
Pre rok 2006 sme predpokladali narast
poftu osobnych automobilov o0 15%
a v roku 2007 o 25 % oproti roku 2005.
Metodika MEET  rozliSuje  osobné
automobily podla typu paliva a tie
nasledne podla objemu ich spalovacieho
motora.
Benzinové automobily boli rozdelené do
kategorii podla objemu spal'ovacieho
motora do skupin [8]:

e do 1400 cm’ (45 %),

e od 1400 cm3 do 2000 cm® (21 %),

e nad 2000 cm’ (8 %).
Dieselové automobily boli rozdelené podla
objemu spal’ovacieho motora do 2 skupin
[8]:® do 2000 cm® (15 %),

e nad 2000 cm’ (8 %).
Pri  automobiloch  spalujucich LPG
metodika MEET nerozliSuje objem motora
apodla priememnych udajov Eurdpskej
unie sa predpokladal ich 3%-ny podiel na
naSom trhu novych a star§ich automobilov.
Podobne sa uvazovalo aj pri ostatnych
typoch automobilov. Ich podiely na
celkovom pocte automobilov vychadzaju
z poslednych udajov podla spravy MEET
[8].

EMISIE NOX -
AUTOMOBILY

BENZINOVE

Podl'a metodiky MEET boli vypocitané aj
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In calculation of road traffic emissions
from personal passenger cars in the urban
area (KoSice city) traffic structure data
from a year 2005 census was used.
Compared to 2005, a15% increase in
personal passenger cars for 2006 and
a 25% increase for 2007 was assumed.
MEET methodology differs passenger cars
according to engine fuel type and
consequently according to engine cubature.

Gasoline passenger cars are separated into
categoryies according to combustion
cylinder capacity [8]:

e up to 1400 cm’ (45 %),

e 1400 cm3 - 2000 cm’ (21 %),

e over 2000 cm’ (8 %).

Diesel engine automobiles are, according
to combustion engine type, separated into 2
groups [8]:

e up to 2000 cm’ (15 %),

e over 2000 cm’ (8 %).
MEET methodology does not differ any
categoryies based upon engine cubature for
LPG vehicles. According to average
European union data, a 3 % share of these
vehicles was assumed for Slovak market
of new and wused cars. A similar
assumption was made for the other vehicle
types. Their proportion on the total amount
of vehicles is based on the latest data by
MEET report [8].
NO, EMISSIONS - GASOLINE
PASSENGER CARS

Volume of NOx emissions was calculated
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mnozstvd emisii NOyx aj pre osobné
automobily s benzinovym pohonom. Pri
triede benzinovych osobnych
automobiloch s objemom spalovacieho
motora nad 2000 cm’ bol uskuto¢neny
vypoCet pre palivo benzin a siiéasne pre
palivo LPG, kde sme vtomto pripade
predpokladali, Ze pri celej modelovej
skupine automobilov dbjde ku zmene
primarneho paliva (inStalacia
splyfiovacieho zariadenia).

using MEET methodology also for diesel
engine passenger cars. In the class of
gasoline passenger cars with engine
cubature over 2000 cm’ the calculation
was performed for gas fuel as well as for
LPG fuel, where in this case we assumed,
that the whole model group of cars will
change the primary fuel (instalation of a
gasifying equipment).

Tab. 7 Emisie NOx z benzinovych osobnych automobilov — I.trieda ciest
Tab. 7 NOx emissions from gasoline passenger cars — I. road class

Objem motora [cm®)/ Jedlgo.tl;a Palivo benzin/ Gasoline Palivo LPG/ LPG fuel
Cylinder capacity [cm3] gm}s1e :
Emission unit 2005 2006 2007 2005 2006 2007
kg/den
Do/ Up to 1400 kg/day 81,941 90,135 94,232 X X X
t/rok
t/year 29,908 32,899 34,395 % X X
kg/den
od 1400 do 2000 kg/day 38,373 42,21 44,128 X X X
t/rok
t/year 14,006 15,407 16,107 X X X
kg/deri
Nad/ Over 2000 kg/day 15,75 17,325 18,113 14,167 15,583 16,292
t/rok
t/year 5,749 6,324 6,611 5,171 5,688 5,947

Vtabulke 7 su uvedené emisie NOy
emitované benzinovymi osobnymi
automobilmi na tsekoch ciest 1. triedy pre
Jjednotlivé triedy osobnych automobilov
platné pre rok 2005 a predpokladané pre
roky 2006 a2007 pri vychodiskovych
podmienkach platnych pre rok 2005.

Table 7 contains NOy emissions from gas
engine passenger cars on L. class road type
for particular passenger cars categoryies
actual for year 2005 and assumed for years
2006 and 2007 by initial conditions of year
2005.

Tab. 8 Emisie NOx z benzinovych osobnych automobilov — Il.trieda ciest
Tab. 8 NOx emissions from gasoline passenger cars — II. road class

Objem motora [cm’)/ Jedl‘u{tka Palivo benzin/ Gasoline Palive LPG/ LPG fuel
Cylinder capacity [cm’] Faume d ;
Emission unit 2005 2006 2007 2005 2006 2007
kg/den
Do/ Up to 1400 kg/day 702,729 | 773,002 808,138 X X X
t/rok
t/year 256,496 282,146 294,97 X X X
kg/dei
od 1400 do 2000 kg/day 328,084 | 360,892 377,297 X X X
t/rok
t/year 119,751 131,726 137713 X X X
kg/den
Nad/ Over 2000 kg/d?(y 125,609 138,17 144,451 125,087 137,596 143,85
t/rol
t/year 45,847 50,432 52,725 45,657 50,223 52,505
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Vtabulkach 8, 9, 10 st zobrazené Tables 8, 9, 10 show NOyx emission
mnozstvda  emisii  NOy  z osobnych amounts from gasoline passenger cars and
automobilov vyuzivajicimi palivo benzin, LPG-cars for years 2005 to 2007.

resp. LPG v rokoch 2005 az 2007.

Tab. 9 Emisie NOx z benzinovych osobnych automobilov — IIl.trieda ciest
Tab. 9 NOx_emissions from gasoline passenger cars — III. road class

Objem motora [em’)/ Jednotka Palivo benzin/ Gasoline Palivo LPG/ LPG fuel
Cylinder capacity [cm3] emnsne/Er{usswn
uni 2005 2006 2007 2005 2006 2007
kg/den
Do/ Up to 1400 kg/day 10,464 11,51 12,033 X X X
P t/rok
t/year 3,819 4,201 4,392 X X X
kg/deii
od 1400 do 2000 kg/day 4,944 5,438 5,685 X X X
t/rok
t/year 1,804 1,985 2,075 X X X
kg/den
Mok B aln kg/day 2,146 2,361 2,468 1,927 2,119 2,216
t/rok
t/year 0,783 0,862 0,901 0,703 0,774 0,809
Z udajov uvedenych v tabulkach 7 az 10 je From data in tables 7 to 10 it is obvious,
ey o i L i s
zrejm€, Ze najviac emisii NOy emituju that the most NOy emissions are emited b
) 3 . 3] Y
osobné benzinové automobily na tisekoch gas engine personal passenger cars on II.
ciest II. triedy, ¢o je priamo umerné class roads, which is directly proportional
Y e p Y prop
hustote premavky na vybranych usekoch. to traffic density on this e of road.
p y vy y Y

Tab. 10 Emisie NOx z benzinovych osobnych automobilov — mestské komunikdcie
Tab. 10 NOx emissions from gasoline passenger cars — city roads

: . Jednotka Palivo benzin/ Gasoline Palivo LPG/ LPG fuel
Objem motora [cm”)/ emisie/
Cylinder capacity [cm’] Emission
unit 2005 2006 2007 2005 2006 2007
kg/dei
Do/ Up to 1400 kg/day 423 46,53 48,646 X X X
t/rok 15,44 16,984 17,756 X b X
kg/den
od 1400 do 2000 kg/day 19,635 21,598 22,58 X X X
t/rok 7,167 7,883 8,242 X X X
kg/den
kg/day
Nad/ Over 2000 t/year 9,091 9,999 10,454 7,833 8,617 9,008
t/rok
t/year 3,318 3,65 3,816 2,859 3,145 3,288
Najniz§ie  mnoZstvd st emitované The lowest amounts are emited by gas
benzinovymi osobnymi automobilmi na engine personal passenger cars on roads
cestach v blizkosti centra mesta KoSice na close to the city centre of KoSice, on so-
tzv. mestskych cestnych komunikaciach called urban roads, and on III. class roads.

a2 na usekoch ciest III. triedy.
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od 1400 nad 2000 do 1400
do 2600

do 1400
do 2000

i trieda if. trieda

od 1400 nad 2000 do 1400

12005 2006 2007

)
=
& e
= = L 2

od 1400 nad 2000 do 1400 | od 1400 inad 2000

do 2000 | do 2000

it trieda mestske komunikacie

Graf 1 Emisie NO, — benzinové automobily
Graph 1 NO, emission — gasoline cars

EMISIE NO, - DIESELOVE

AUTOMOBILY

Za reSpektovania metodiky MEET bol
uskutolneny  vypofet  emisii = NOy
z dieselovych osobnych automobilov pre
rok 2005 az 2007 za uZz spominanych
predpokladov.

NO, EMISSIONS - DIESEL ENGINE
AUTOMOBILES

Respecting MEET methodology, NOy
emissions from diesel engine personal
passenger cars were calculated for years
2005 to 2007, providing assumptions
mentioned earlier.

Tab. 11 Emisie NOx z dieselovych osobnych automobilov
Tab. 11 NOx emissions from diesel passenger cars

: 3 Jednotka Palivo diesel/ Diesel fu
Typ cesty/ Road type Obcj,;;:lzgt:;;a[;l; V emisie/ i fhet
Emission unit 2005 2006 2007
kg/den
Do/ Up to 2000 kg/day 12,705 13,976 14,611
t/rok
L. trieda t/year 4,637 5,101 5,333
I class kg/den
Nad/ Over 2000 kg/day 11,165 12,281 12,839
t/rok
t/year 4,075 4,483 4,686
kg/dei
Do/ Up to 2000 kg/day 5,887 6,476 6,771
t/rok
IL. trieda t/year 2,149 2,364 2,471
II. class kg/den
Nad/ Over 2000 kg/day 4,965 5,462 5,710
t/rok
t/year 1,812 1,994 2,084
III. trieda kg/den
III. class Do/ Up to 2000 kg/day 2,478 2,735 2,849
t/rok
t/year 0,904 0,995 1,04
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kg/dei
2,0
Nad/ Over 2000 kg/day ,09 2,299 2,403
t/rok
t/year 0,763 0,839 0,877
kg/deit
Do/ Up to 2000 kg/day 16,352 17,987 18,805
t/rok
mestské komunikacie t/year 5,968 6,565 6,864
urban roads kg/den
Nad/ Over 2000 kg/day 13,140 14,454 15,111
t/rok
t/year 4,796 5,276 5,516

20.000
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14,000

12,000

10,000 |
8,000

6.000 |

4,000~

2,000 |

0,000 4

i

do 2000 nad 2000 do 2000

|. frieda If. trieda

'kg»’deh trok ko/den trok kglden trok kg/den trok kg/deﬁi tfrok | kg/den| tirok kgfden tho
nad 2000

2005 =2006 & 2007

/deﬁ: tirok

do 2000 nad 2000 do 2000 nad 2000

ill. trieda mestske komunikacie

Graf 2 Emisie NO, — dieselové automobily
Graph 2 NO, emission — diesel cars

EMISIE NOx - LPG AUTOMOBILY

Osobné automobily, ktoré pouzivaji na
pohon palivo LPG predstavuju 3 %-ny

podiel na celkovom pocte
osobnychautomobilov. Ako uz bolo
spominané v predoslych  kapitolach,

v pripade automobilov s LPG pohonom pri
vyCisleni emisii sme nerozliSovali typy
osobnych automobilov vytvorené podla
objemu spal’ovacieho motora.
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NO;, EMISSIONS-LPG ENGINE

VEHICLES

Passenger cars that use LPG fuel represent
an estimated 3% share of the total amount
of personal passenger vehicles. As already
mentioned in previous chapters, no types
of vehicles were separated for the
calculation of emissions volume in the case
of vehicles with LPG engines.
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Tab. 12 Emisie NOx
Tab. 12 NOx emissions

Emisie NO, [kg.24 h'] Emisie NO, [t.rok™]
Typ cesty
2005 2006 2007 2005 2006 2007
I trieda 5313 5,844 6,109 1,939 2,133 2,23
IL trieda 46,908 51,599 53,944 17,121 18,833 19,69
IIL. trieda 0,722 0,795 0,831 0,264 0,29 0,303
mestské komunikacie 2,937 3,231 3,378 1,072 1,179 1,233

2006
Emisie NOx {kg.24 h-1]

1. trieda
Il. trieda
# lll. trieda

# mestské komunikacie

2006
Emisie NOx [t.rok-1]

Graf 3 Emisie NO, — LPG automobily
Graph 3 NO, emission — LPG cars

V tabulke 12 st uvedené mnoZstva emisii
NO, na vybranych usekoch emitované
poCas 1 dna asucasne celkovo v danom
kalendarnom roku.

Zudajov  uvedenych  vtabulke 12
a zobrazenych vgrafe 3 je zrejmé, ze
najvyssi pocet osobnych automobilov sa
nachadza na usekoch ciest II. triedy.

EMISIE NOX - LPG AKO
ALTERNATIVNE PALIVO

V tabulke 13 su uvedené hodnoty emisii
NOy vypo¢itanych ako prispevok osobnych
automobilov s objemom motora nad 2000
cm’ pocas 24 hod, resp. 1 rok na
vybranych tsekoch ciest a mestskych
komunikacii.
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Table 12 shows volume of NOy emissions
on selected road segments emited during 1
day allong with overall emissions emited
in given calendar year.

According to data in Table 12 and Chart 3,
most of vehicles use II. Class roads.

NO, EMISSIONS - LPG AS
ALTERNATIVE FUEL
Table 13 contains NO, emissions

calculated as a contribution of personal
passenger cars with engine cubature over
2000 cm’ during 24 hours and during 1
year on selected segments of road types
and urban roads.
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V pripade vypoctu emisii NOy pri pouZiti
paliva LPG sme uvazovali, Zze LPG-
zariadenie sa pouZije Vv automobiloch
s najvacSim objemom spal’ovacieho motora
a s tym aj suvisiacou najvysSou spotrebou
paliva. Tieto faktory vytvaraju
predpoklady, ze tato cielova skupina
osobnych automobilov emituje najvicsie
mnozstvo emisii zneCistujucich latok
vratane emisii NOy. Prave do tychto
vozidiel sa v praxi inStaluje najviac LPG-
zariadeni. Z udajov o s¢itani automobilov
na vybranych tsekoch uskutoénenych
vroku 2005 a statistickych udajov bol
ureny ich 8 %-ny podiel na celkovom
pocte osobnych automobilov.

V tomto vypoCte sme uvazovali, ze cela
vybrand skupina osobnych automobilov
(osobné benzinové automobily s objemom
motora nad 2000 cm®) pouZiva ako palivo
LPG a vysledky boli porovnané s tou istou
cielovou skupinou osobnych automobilov
pri pouzivani paliva benzin.

In the case of NO, emissions calculation
by using LPG fuel we considered, that the
LPG equipment is used in cars with the
largest engine cubature and associated
highest fuel consumption. These factors
create conditions for the whole target
group of passenger cars to produce the
highest amount of emissions of pollutive
substances, including NO, emissions.
Practically, most of LPG equipments are
installed into this category of passenger
cars. According to data from automobile
census on selected road types in year 2005
and statistical data, an 8% share on total
cars was stated for LPG engine cars.

In this calculation we considered, that the
whole category of personal passenger cars
(gas engine cars over 2000 cm3) uses LPG
fuel and the results were compared to the
same target group of personal passenger
cars using only gas fuel.

Tab. 13 Emisie NOX z benzinovych automobilov s objemom motora nad 2000 cm3 na

Jednotlivych triedach ciest

Tab. 13 NOX emissions from gasolinel cars with at each road type

Emisie NO [t.rok’'] - palivo benzin/ | Emisie NO, [t.rok’] - palivo LPG/ | Znizenie

Typ cesty/ Road type NO, emissions [t.year’] — gasoline NO, emissions [t.year’ ] — LPG fuel eg:’llsl;ls l[;’/;:l/

2005 2006 2007 2005 2006 2007 decrease[%]
L. trieda/ L. class 5,749 6,324 6,611 5,171 5,688 5,947 10,05
IL. trieda/ II. class 45,847 50,432 52,725 45,657 50,223 52,505 0,41
I1L trieda/ IIL. class 0,783 0,862 0,901 0,703 0,774 0,809 10,22

mestské komunikacie/

Urban roads 3,318 3,65 3,816 2,859 3,145 3,288 13,83
Spolu/ Together 55,697 61,268 64,053 54,39 59,83 62,549 235

Z &iselnych hodnot v tabulke 1 je zrejmé,
Zze vpripade vSetkych typov atsekov
sledovanych ciest by doSlo k zniZeniu
mnozstva emisii NOx. Aj ked’ sledovana
skupina osobnych automobilov ma len 8
%-né zastipenie na celkovom zlozeni
automobilového parku znizenie mnoZstva
emisii NOyx na vybranych tsekoch sa
pohybuje od v rozpiti od 0,41 % do 13,83
%. Tuto variabilitu percentudlnej uspory
emisii NOy spdsobuju podiely benzinovych
osobnych automobilov s objemom motora
nad 2000 cm’ na celkovom podte ostatnych

=l

Out of number figures in Table 13 it is
obvious, that in case of all types and
segments of monitored roads it would lead
to a decrease in NO, emissions. Even
though the selected group of passenger
cars represents only 8% of the total market
of cars, reduction in NO, emissions on
selected road segments would be in range
from 0,41 % do 13,83 %. This variability
in percentage saving of NOy emissions is
caused by the share of gas engine
passenger cars with engine cubature over
2000 cm’ on the total number of other
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automobilov na vybranych tsekoch mesta
Kosice.

ZAVER

ZvySovanim sa poctu novych automobilov,
resp. celkového poctu automobilov za
suCasného zvySovania sa intenzity cestnej
premavky sa vytvaraju vietky
predpoklady, ze sa cestnd doprava stava
najvyznamnej$im  zdrojom  mnohych
zneCistujicich latok (NOy) ako aj
sklenikovych plynov (CO,, N,O). Aj ked’
sa v sucasnosti oxidom dusika nepriklada
taky vyznam ako emisidm oxidu
uhli¢itého, vycislenie ich mnozZstva
z jednotlivych zdrojov je podstatné. Cestna
doprava patri k najva¢$im zdrojom oxidov

dusika. Problémom cestnej dopravy
v spojitosti s kvalitou  ovzduSia  je
neumerné zvySovanie sa emisii

spominanych oxidov. Pri vypocte nie je
podstatné rozdelenie osobnych
automobilov do jednotlivych tried podla
pouzivaného typu paliva, alebo podla
objemu spalovaciecho motora ¢o ukazali
vypofty mnoZstva emisii z jednotlivych
typov osobnych automobilov. Osobné,
benzinové a automobily s LPG pohonom
produkuji porovnatelné mnozstva emisii
NOx. Podstatné je v tomto pripade urcit,
resp. odhadnit celkové pocéty osobnych
automobilov na jednotlivych usekoch
a suCasne odhadnut’ ich celkovu denné
(ro¢nu) aktivitu. Ostatné faktory akymi su
vplyv teploty, najazdenych kilometrov,
sklon cesty, priemerna spotreba su
zahrnuté v matematickych vzt'ahoch, ktoré
vyuziva metodika MEET.

Pri vypodte sa ukazalo, Ze vyuzivanie LPG
ako alternativneho paliva najmid pri
skupine osobnych automobilov s objemom
spalovacieho motora nad 2000 cm’
(najvysSia priemerna spotreba paliva —
najvy$S§ia emisia NOyx Vv porovnani
s ostatnymi benzinovymi automobilmi) by

vdanom pripade prinieslo zniZenie
celkového = mnozZstva  emisii ~ NOy
v porovnani s pouzivanim Standardného

benzinového paliva od 0,41 az 13,83 %.
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passenger vehicles on selected road

segments of KoSice city.
CONCLUSION

Increasing amount of cars and
simultaneous increase in traffic activity
together create conditions for a significant
role of passenger cars as harmfull
pollutants (NOy) and greenhouse gases
(CO,z, N,O) producer. Even though the
present focus shifts from emissions of
nitrogen oxides to carbon dioxide,
quantification of nitrogen oxides emissions
from various sources is still important.
Road traffic belongs to one of the greatest
sources of nitrogen oxides. The problem of
road traffic in connection to atmosphere
quality 1s the unproportional increase in
emissions of previously named oxides.
Dividing vehicles into groups according to
fuel type or cubature of combustion engine
is not of significant importance for
calculations. This fact is based on
emissions volume calculations for different
types of personal passenger vehicles.
Personal gas fuel cars and LPG fuel
passenger cars produce a similar amount of
NOy emissions. In this case it is substantial
to define, or to estimate, the total number
of personal passenger cars on particular
road segments and at the same time
estimate the total daily (yearly) activity.
Other factors, such as temperature impact,
driven kilometers, road slope or average
consumption, are included in mathematical
formulas used in MEET methodology.

The calculatoin shows, that the usage of
LPG as alternative fuel, especialy in group
of personal cars with combustion engine
with engine cubature over 2000 cm’
(highest average fuel consumption and
highest NOy emissions in comparison with
other gas engines), could in this case lead
to adecrease in total volume of NOx
emissions in comparison with a standard
gas engine by 0,41 — 13,83%. Especialy
the second value (13,83%) represents
a relevant decrease in emissions. And that
leads to aconclusion, that LPG in this
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Najmd druhd hodnota predstavuje specific case is asuitable form of
podstatné zniZenie emisii, na zaklade ¢oho decreasing NOy emissions in road
moézeme tvrdit, ze LPG je v danom transportation.

pripade vhodnd forma zniZenia produkcie
emisii NOy v cestnej doprave.
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