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Abstract. Mobile source emissions are important contributors to ambient air pollution. Exposure
to ambient particulate matter has been associated with cardiopulmonary morbidity and mortality,
including asthma. Causal biological mechanisms about health effects of air pollution are only partly
understood. Air pollution exposure has been associated with compromised pulmonary immune
defence mechanisms in both animals and humans. Exposure to polycyclic aromatic hydrocarbons
— especially benzopyrene — can cause immune suppression, increases the risk of infection and
disease, and increases the risk of lung and other types of cancers. Acute exposures to oxides of
nitrogen and sulphur have been associated with increased bronchial reactivity and susceptibility to
bacterial and viral infections. Our aim with this article is to review the prevalence of mobile source
emissions in Brasov and Constanta. In this study, combustion particles from vehicle exhaust (CH,,
NO, CO, COU) were analysed with MX 21 PLUS (OLDHAM) in August 2005 and June 2006. Air
pollution contains complex mixtures of many pollutants, which vary overtime and from place to
place. Traffic-related exposure shows a light pollution between 15-16 o’clock. This study has shown
ambient air pollution increase with proximity to roadways. This study provides important insights
into the physicochemical components of engine emissions that most strongly influence the toxicity
of inhaled emissions.

Keywords: air pollutant, acute exposures, MX 21 PLUS.
AIMS AND BACKGROUND

In recent years, much attention has been given to review reports on the early ef-
fects of air pollution on health'.

Air pollution exposure has been associated with compromised pulmonary
immune defense mechanisms in both animals and humans*.

Air pollution induces a systemic inflammatory response involving stimulation
of'the bone marrow, which can contribute to cardiorespiratory morbidity. Exposure
to polycyclic aromatic hydrocarbons — especially benzopyrene — induces immune
suppression and can increase the risk of infection and disease® .

Benzopyrene can increase the risk of lung and other types of cancers.

Acute exposures to oxides of nitrogen and sulphur have been associated
with increased bronchial reactivity and susceptibility to bacterial and viral in-
fections'*"3.

* For correspondence.
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Mobile sources pollute the air through combustion and fuel evaporation. These
emissions contribute greatly to air pollution nationwide and are the primary cause
of air pollution in many urban areas.

Our aim with this article 1s to review the prevalence of mobile source emis-
sions in Brasov and Constanta.

EXPERIMENTAL

In this study, combustion particles from vehicle exhaust (CH,, NO, CO, COU) were
analysed with MX 21 PLUS (OLDHAM) in August 2005 and June 2006.

RESULTS

Intersection — Castanilor street + luliu Maniu street + 13 Decembrie street. This
intersection is signalled by traffic light (3-phase traffic light), having three access
ways (entries), while the road fluxes corresponding to these entries differ in terms
of their size and structure, from the point of view of vehicle categories. The busi-
est acces way is luliu Maniu street, more exactly the transit of vehicles from the
civic center towards the historical center of the city. The values of vehicle fluxes
arc presented for each access way in Tables 1-4.

Table 1. Flux of vehicles in the access way Iuliu Maniu street

Cars Common transportation vehicles Trucks
left  forward  right left forward right left forward right
237 1773 321 0 79 9 3 9 2

Table 2. Flux of vehicles in the access way 13 Decembrie street

Cars Common transportation vehicles Trucks
left forward  right left forward right left forward right
0 780 615 0 18 33 0 8 6

Table 3. Flux of vehicles in the access way Castanilor street

Cars Common transportation vehicles Trucks
left  forward  right left forward right left forward right
186 597 0 0 37 0 6 16 0

Table 4. Total flux of vehicles in the intersection

Cars Common transportation vehicles Trucks

4509 50 176
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In a hour’s time (15.00-16.00), the intersection has been crossed by approxi-
mately 4500 cars, approximately 175 common transportation vehicles (jointed
and nonjointed buses and trolleybuses), and approximately 50 trucks. Because
the authorities built the traffic lane to the right in 2005, the vehicle capacity of the
intersection in the access way 13 Decembrie street has increased as compared to
previous years.

RAIAN GROZAVESCU
Street

CASTANILOR
Street

12

=

Fig. 1. Measurement points intersection — Castanilor street + Tuliu Maniu street + 13 Decembrie
street

The concentrations of nitrogen monoxide, volatile organic compounds and
carbon monoxide in the measurement points intersection (Fig. 1) have been reg-
istered and the data are shown in Table 5.
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Table 5. Concentrations of nitrogen monoxide, volatile organic compounds and carbon monoxide

No’ CH, (%) NO (ppm) CO (ppm) VOC (ppm)
1 63 2 4 2
2 63 2 7 8
3 63 2 1 3
4 63 2 2 2
5 63 2 1 2
6 63 3 4 5
7 63 2 4 2
8 63 2 4 7
9 63 2 6 7

10 63 2 4 5
11 63 2 4 5
12 63 2 1 2

" Measurement points inleresection as shown in Fig. 1; CH,—indicates the atmosphere security level
(LEL); NO —indicates the nitrogen monoxide level; CO — indicates the carbon monoxide level; VOC
—indicates the level of volatile organic compounds.

The concentration of CH, has been registered by an explosive gas cell. The
range of this cell is from 0 to 100% and for a hazardous area the level of LEL
CH, exceeds 75%. The level of nitrogen monoxide for most of the points of the
measured interval is 2 ppm. Only for point 6 this value is 3 ppm, and the reason
for that is the high concentration of vehicles for this road section (access to 13

Decembrie street).
The carbon monoxide level is 4 ppm for most of the measurement points. The

concentration of CO for measurement points 2 and 9 is 7 and 6 ppm, respectively.
The level of CO 1s higher for these points because these are situated on the main
access of the intersection (Iuliu Maniu street).

The level of volatile organic compounds is different for all measurement
points. The concentration of VOC for point 2 is 8 ppm and for points 8 and 9 - 7
ppm. The reason for these higher values of VOC is due to the fact that these 3
points are situated on the main access of the intersection (Iuliu Maniu street). For
the rest of the point the level of VOC varies between 2 and 5 ppm.

Intersection— Nicolae Balcescu street + Dobrogeanu Gherea street. This intersec-
tion is signalled by traffic light (2-phase trafffic light), having two access ways
(entries) and the road fluxes corresponding to these entries differ in terms of their
size and structure from the point of view of vehicle categories. The busiest access
way is Nicolae Balcescu street — coming from Piata Unirii, that is the transit of
vehicles coming from the historical center towards the civic center of the city.
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Table 6. Flux of vehicles in the access way Nicolae Balcescu street — coming from Teatrul Dra-
matic

Cars Common transportation vehicles Trucks

left  forward  right left forward right left forward  right
129 0 174 0 0 0 2 0 0

Table 7. Flux of vehicles in the access way Nicolae Balcescu street — coming [rom Poarta Schei

Cars Common transportation vehicles Trucks
left  forward  right left forward right left forward right
358 945 87 0 51 0 9 7 2

Table 8. Total flux of vehicles in the intersection

Cars Common transportation vehicles Trucks
1692 51 20

In a hour’s time (15.00-16.00), the intersection has been crossed by approxi-
mately 1700 cars, approximately 50 common transportation vehicles (jointed and
nonjointed buses and trolleybuses), and 20 trucks. The traffic in the intersection
is made difficult by the taxi station which is positioned very close to Dobrogeanu
Gherea street, towards the Prefecture of the city of Brasov and by the highly heavy
flux of pedestrians. There are several commercial, cultural and administrative
objectives in this area. These are: the Prefecture of the Brasov city, the Museum
of History, UNIREA Highschool, the Building of the University of ‘“Transilvania’
of Brasov, the comercial complex STAR, etc. Because all these buildings are po-

sitioned so close to the road, the intersection can not be geometrically modified,
but it can be optimised as far as the traffic light system is concerned.

The concentrations of nitrogen monoxide, volatile organic compounds and
carbon monoxide have been monitored in the measurement points intersection
(Fig. 2) and are given in Table 9.

Table 9. Registrations of concentration of nitrogen monoxide, the volatile organic compounds and
carbon monoxide

No” CH, (%) NO (ppm) CO (ppm) VOC (ppm) Obs.
1 62 1 1 3
2 62 1 1 3
3 62 1 2 8
4 62 1 1 13
5 62 1 2 10
6 62 2 3 15
7 62 1 1 5
8 62 2 2 11
* Measurement points interesection as shown in Fig. 2.

19



Nicoloe Balcescu
Street
o8 8 UNIREA
\@F High
‘5) School
Building .
W7
= .
5 §
Dobrogeonu Ghereo
Street = TEXT S xoAioh
@)\ [ @
A {Q
Y J
STAR NIT PUR 2
: Head X4
C;:;ﬁi F of fice. al
13
Nicolae Balcescu Street

Fig. 2. Measurement points intersection — Nicolae Balcescu street + Dobrogeanu Gherea street

The level of nitrogen monoxide for most of the measurement points is 1 ppm.
Only for measurement points 6 and 8 itis 2 ppm. The carbon monoxide level
varies between 1 and 3 ppm for this measurement points intersection. Higher values
arc registered in points 3, 5, 6 and 8, becausc these are situated on the main road
access (Nicolae Balcescu street), where at the rush hours a big lane of vehicles is
formed. The level of volatile organic compounds is different for all measurement
points. The concentration of VOC for point 6 is 15 ppm and for points 4, 5 and 8
—13, 10 and 10 ppm, respectively. This result is due to the fact that these 3 points
are situated on the main access of the intersection (Nicolae Balcescu street). For
the rest of the point the level of VOC varies between 3 and 8 ppm. The high level
of VOC is caused by the big percentage of trucks and buses registered for this
intersection.

Intersection — Garii boulevard + Victoriei boulevard. This intersection is signalled
by a traffic light (4-phase traffic light), having four access ways (entries), while
the road fluxes corresponding to these entries differ in their size and structure from
the point of view of the vehicles categories. The busiest access ways are the two
entries from the Garii boulevard, the transit of heavy vehicles between the points
of entrance into and exit out of the city. The values of vehicle fluxes are presented
for each access way in Tables 10-14.
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Table 10. Flux of vehicles in the access way Garii boulevard coming from Al. Vlahuta street

Cars Common transportation vehicles Trucks
left  forward  right left forward right left  forward  right
130 633 64 2 31 3 1 163 1

Table 11. Flux of vchicles in the access way Victoriei boulevard

Cars Common transportation vehicles Trucks
left  forward  right left forward right left forward right
126 168 129 10 18 13 1 0 1

Table 12. Flux of vehicles in the access way Garii boulevard coming from Aurel Vlaicu street

Cars Common transportation vehicles Trucks
left  forward  right left forward right left forward  right
136 774 265 15 33 3 1 123 1

Table 13. Flux of vehicles in the access way Gara

Cars Common transportation vehicles Trucks
left ~ forward  right left forward right left forward right
247 146 175 1 12 2 4 1 5

Table 14. Total flux of vehicles in the intersection

Cars Common transportation vehicles Trucks
2993 143 302

In one hour’s time (15.00-16.00), the intersection was crossed by approxi-
mately 3000 cars, approximately 143 common transportation vehicles (jointed and
nonjointed buses and trolleybuses), and approximately 300 trucks. The registered
values of chemical pollution were high, especially the compounds given out by
heavy vehicles (Table 15).
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Fig. 3. Measurement points intersection — Garii boulevard + Victoriei boulevard

Table 15. Data on the concentration of nitrogen monoxide, volatile organic compounds and carbon

monoxide

No' CH, (%) NO (ppm) CO (ppm) VOC (ppm)

1 62 1 7 11

2 62 1 7 23

3 62 1 | 7

4 62 1 1 3

5 62 1 4 15

6 62 1 7 8

7 62 1 10 27

8 62 1 19 32

9 62 1 1 7

10 62 1 2 11

11 62 1 | 3

12 62 1 | 4

13 62 1 1 4

* Measurement points interesection as shown in Fig. 3.
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The level of nitrogen monoxide for all points of the measured interval is 1 ppm.
The carbon monoxide level for this intersection varies between 1 and 19 ppm. The
concentration of CO for measurement points 7 and 8 is 10 and 19 ppm, respec-
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tively and for measurement points 1, 2 and 6 — 7 ppm. The level of CO is higher
for these points because these are situated on the main access of the intersection
(Garii boulevard). For the rest of the point the level of CO varies between 1 and
4 ppm. The level of volatile organic compounds is different for all measurement
points being maximum for point 8§, i. e. 32 ppm. Also, for points 1, 2, 5, 7 and 10,
the concentration of VOC is very high: 11, 23, 15, 27 and 11 ppm, respectively,
and the reason is because these 3 points are situated on the main access of the
intersection (Garii boulevard). For the rest of the point the level of VOC varies
between 3 and 8 ppm. The high level of VOC is caused by the big percentage of
trucks and buses registered for this intersection.

The measurements were made within the interval 27-29 June 2006, between
15-16 o’clock at the following atmospherical conditions:

e weather condition: good/wind

o7 =30-32°C,

e humidity = 45-57%,

e wind velocity = 11-17 km/h (N, NV),

e atmospheric pressure = 101.50 — 102.40 KPa.

The device used for measurements was an Oldham MX21 PLUS (Fig. 4). Itis
a portable device for gas detection. It can be used for the simultaneous detection
of the concentration of four different gases found in air. The device is provided
with specific cells for the determination of each gas type.

Ports lor the measuramant cells

Dednchable battery and
eharge cosplng

\
\

Display and
| control paned

Fig. 4. Presentation of the MX21 PLUS device

In the Constanta town measurements of exhausts fumes have been taken at
the following crossroads: 1 Decembrie + Bratianu street, 1 Decembrie + Ferdinand
street, 1.G. Duca + Ferdinand street, 1| Soveja + Tomis street, 1 Mamaia + Tomis

street.

23
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Traffic volume has been registered at different hours (periods of time) in a day
time and they decided to take the measurements from 9.00 to 10.00 a.m., 3.00 to
4.00 p.m., and 6.00 to 7.00 p.m.

High amounts (quantities) of concentrations of volatiles organic compounds
and carbon monoxide have been registered. The nitrogen oxides concentrations
are quite low, with few exception when its level exceeds with 1 ppm.

The ligh registrations of the concentration of the volatiles organic compounds
are due to the heavy vehicles working and supplying the shopping centre (in all
area).

The public transport using buses that produce exhaust fumes are the cause of
this high level of pollution, too. Most of them are old (MAZ model).

The high concentration of carbon monoxide is caused by the heavy traffic of
the private light vehicle, too.

In conclusion, the highest figures of exhaust fumes (emissions) registered at
the crossroads I.G. Duca + Ferdinand street, were measured at the crossroads I.G.
Duca from 9.00 to 10.00 a.m. In this area, high values of carbon oxide and volatile
organic compounds have been registred. The most polutted area of the crossroads
is proved to be the RAT, bus stop, on I.G. Duca street, having been registered the
highest values of carbon oxide 37 ppm, volatile organic compounds —42 ppm and
nitrogen oxide -4 ppm.

CONCLUSIONS

This study has shown ambient air pollution increase with proximity to road-
ways.

This study provides important insights into the physicochemical components of
engine emissions that most strongly influence the toxicity of inhaled emissions.

Traffic-related exposure shows a light pollution between 15-16 o’clock in
Brasov and Constanta.

The light registrations of the concentration of the volatiles organic compounds
are due to the heavy vehicles working and supplying the shopping centre (in all
area).
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Abstract: - The Brasov city 1s one of the biggest towns in Romama. In the central area of the Brasov city can
be found the biggest conceniration of the carbon monoxide. nitrogen oxides. the ozone and the volatile organic
compounds. For infersection’s analysis there were collected data abour the road traffic and data about the
chenucal pollution in the neighborhood of the read. In order to realize the model there were made tables with
the traffic values and the values of the three pollutants, in function of the intersections of the analyzed route.
For caleulus were used the squations corresponding to the determined polynomial curves. for each pollutant.
using the values obtained experimentally, The working page of the mathematical model was made grouping

the four analyzed situations.

Kev-Words.: - Chemical. pollution. traffic. mathematical. model. etalon vehicle

1 Introduction

The human activity generates the emission of many
gaseous pollutants into the atmosphere. The vehicles
give meny pollutants., and the studies made at
international level allow quantification of the
pollutants from the traffic flow. From all the primary
pollutants made by the internal combustion engines,
there are distinguished seven significant atmospheric

pollutants. brought under regulation in Europe:
o sulphur dioxide (SO;):

e particles (with a diameter <10 pm):

e lead (Pb):

e nifrogen oxide (NOy):

e carbon monoxide (CO):

¢ unburned hydrocarbons (H;Cp,) — benzene:

e the ozone (O;) from atmosphere. i

concentrations of 0.5-10[ppm] [5].
A gsynthesis of the waffic flow development shows
three significant travel phases:
- daily travels to and from work:
- aftemnoon travels to different centers (commercial.
social-cultural. of individual or group mestings):
- going to and especially coming back from the
week-end. generally outside the city. in order to
relax.
The smiple enunciation of these three main phases
of travel present in city’s life can prove the variety
of the wban waffic flow structure and intensity.
where the vehicle has the mam role. having the
purpose to assure the maximum comfort of the
travels. by its accessibility from “door to door™.

ISSN: 1790-5079

350

The essence of the problem iz the nwtual
acconumnodation citv-vehicle, its solution not being
the sacrifice of one for the other.

I at the big traffic flow volume of the small vehicles

we add the common fransportation (which in many

cities has the first place in order to satisty the travel

necessary of the habitants) and the transportation of

goods and services, it can be said that the traffic

flow needs two categories of measures in the urban
areas:

- the adequate arrangement of a main road network.

which can satisfy the traffic flow which is mereasing

continuously. but also which does not distub the
urban ambience:

- the organization. regulation and control of the

traffic flow in intersections. which represents for the

urban traffic real intake and exhaust valves. being
for the streets network their strangulation points, the
ones which determine the infrinsic capacity of the

traffic flow [6].

The region of Brasov is situated in a mountainous

area in the centre of Romania. In Brasov County

there are 4 municipalities and 5 towns. 43

comnmnes and 150 wvillages, The county population

registered is 626499 inhabitants. from which in the
urban environment 472620 inhabitants and in rural
environment 153879 inhabitants.

In the central area of the Brasov City can be found

the biggest concentration of the carbon monoxide.

where the majority in traffic is composed by the
vehicles equipped with gasoline engines. where the
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traffic conditions are admitting their functioning
frequently at unesconomical regimes. with partial
loads. low engine speeds and uncompleted burnings
of the fuel [4].
The nitrogen oxides. the ozone and the VOC are
usually specific to the peripheral urban areas. where
it can be noticed a high volume of heavy wvehicles.
which have diesel engines.
The following list describes the potential health risks
associated with these emissions:
- Carbon Monoxide (CO): An odorless and colorless
gas which is highly poisoncus. CO can reduce the
blood's ability to carry oxygen and can aggravate
Inng and heart disease. Exposure to ligh
concentrations can cause headaches. faiigue and
dizziness.
- Nitrogen Oxides (NO;) and Nitrogen Dioxide
(NO;): These chemicals form the yellowish-brown
haze seen over dirty cities. When combined with
oxygen from the atmosphere. NO becomes NO.. a
poisonous gas that can damage lung tissue [2].
- Hydrocarbons (HC): This 1s a group of pollutants
containing hydrogen and carbon. Hydrocarbons can
react to form ozone. Some are carcinogenic and
other can irritate mucous membranes. Hydrocarbons
include:  Volatile organic compounds (VOC):
Volatile organic gases (VOG): Reactive organic
gases (ROG); Reactive organic compounds (ROC):
Non-methane hydrocarbons (NMHC): Non-methane
organic gases (NMOG),

- Ozone (O;): This is the white haze or smog seen

over many cities. Ozone is formed in the lower

atmosphere when NMOG and NO; react with heat

and sunlight. Ozone can imritate the respiratory

system. decrease lung function and aggravate

chronie lung disease such as asthma [5].

2 The studied area

For the pollution level measurement it was
chosen the Brasov’s historical center area. In
this area there ars many commercial, cultural
and touring objectives: institutions (City Hall.
Prefecture, University’s buildings. high schools
and schools). shops. hotels, churches, museums,
theatres, monuments and parks. These
objectives bring on each day a high number of
pedestrians which are exposed to the pollution
caused by road traffic from this area.

The analyzed route was: Lunga Street. Eroilor
Boulevard, 15 Noiembrie Street. Castanilor Street,
Iulin Maniu Street, Nicolae Torga Street.
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centre)

Fig.2 The objectives from the studied area of Brasov
city

The objectives from this picture are: 1- The City
Hall: 2- Prefect Hall: 3- Building N of the
Transilvania University: 4- Unirea High School: 5-
Capitol Hotel: 6- Aro Palace Hotel: 7- Casa Armatei
Building: 8- Sica Alexandrescu Theatre: 9- Building
M of the Transilvania University: 10- Comercial
Area; 11- C.F.R. Hospital: 12- Lecture Room of the
Transilvania University; 13- Mihail Eminescu
Hospital: 14- Romano-Catholic Church; 15- Offices
and Banks Area.

The route includes six intersections, from which
four are with traffic lights and two are marked
with traffic signs.

The six intersections are:

Intersection 1 - Castanilor Street + Iuln Maniu
Street:

Intersection 2 - Alexandru Ioan Cuza Street +
Agriselor Street + Tuliu Maniu Street;

Intersection 3 - Nicolae Torga Street + Lunga Street:
Intersection 4 - Lungd Street + Eroilor Boulevard +
Muresenilor Street:

Intersection 5 - Eroilor Boulevard + Vlad Tepes
Street + Nicolae Balcescu Street + 15 Noiembrie
Boulevard:
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Intersection 6 - 15 Noiembrie Boulevard +
Castanilor Street.

On three of those the access of the road traffic is
made from the residential arsas to the historical
center (intersections 1. 2 and 3). and on the

other three there is an opposed flux.

Fig. 3 Analyzed route: Iuliu Maniu Street. Nicolae
Torga Street. Lunga Street, Eroilor Boulevard. 15
Noiembrie Boulevard and Castanilor Street.

3 Road traffic and chemical pollution

data measurement methodology

For intersection’s analvsis there were collected data
about the road traffic and data about the chemical
pollution in the neighborhood of the road (the values
of some pollutants resulted from the fuel
combustion).

The most common and handv method is the manual
collecting of the road traffic data. with the help of an

observer feam, each member of this team writing
down a specific element of the road tratfic.

Tty volue
measuremnent
obrerve

i \
Sigmal

mieAAmeIment
whserves

Fig. 4 Measuring a regular intersection with four
phases.

For a certain input with variable time signale it is
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established the following data measurement in order
to analyze the intersection: tratfic volume. nmumber
of vehicles which are passing the stop line. for each
traffic direction (forward. leff. right). for each
vehicle category. In the figure above it is presented a
regular intersection with four phases. with observers
placed so that to obtain a minimum number of them.
In this case. with special twming moves there are
necessary more persons, the maximum mmber
being of 5: one for each entrance and the 5% one to
measure the time interval [4]. [5].

The volume of the traffic flow was determined by
counting the total number of the wvehicles. which
passed through the intersection during one hour
(8.00-9.00 and 15.00-16.00) in all ways.

The volumes of the traffic flows from the studied
intersections are presented in the next picture:

s‘:;‘;fm Btelon | Light | o | Busesand
P Vehicles | vehicles Troleys

4 2969 2428 30 118

i 3243 2776 i) 127

9 3657 3075 28 151

3 4672 4173 k) 119

2 4905 4471 13 124

1 5451 4629 ] 182

Fig. 5 The registered values for the 8.00-9.00
hour interval, for one intersection

For measuring the concentration of the chemical
pollutants from the studied area it will be used a
team of two persons. The two persons will use the
necessary equipment (portable gas analyzer) and
will write the specific values of the measurement
points [7].

The M321 Plus is a portable mmulti-gas 1monitor
which can detect up to four gasses simultansously
and includes features such as: data logging,
interchangeable  pre-calibrated sensor  blocks.
mstantaneous, STEL and TWA alarms. The unit 1s
programmable via serial link from a PC or via a
user-friendly menu interface and is approved for use
in hazardous areas. By the use of intelligent plug-in
sensor modules the device has one of the largest
range of toxic sensors (20 plus) mcliding COs. CO.
H,S. SO, CL,. NO. NO,, HCN. HF. PH;. 0;. H,.
solvents efc.

Amnother unique feature of the MX21 Plus is the
ability to measure CH, in percentage volume as well
percentage LEL with a library of 32 pre-
programmed flammable gasses to allow for more
accurate monitoring of specific flammable gasses by
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simply selecting the target gas CHi H.. bufane.
petrol vapors etc.. from a menu.

Fig. 6 The OLDHAM MX2| Phus portable multi-gas
detector

The measurement cells:
Oxygen and toxic gases measurement cells:
Anemometric cell:
Carbon dioxide measurement cell:
Explosive gases measurement cell.

. & = @

Fig. 7 The OLDHAM MX21 measurement cells
Agdvantages:

- Simple to use. The MX 21 PLUS incorporates a
self-diagnostic function. which indicates any
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irregularities in its operation thereby providing
complete confidence measurement.

- Clear messages. Without having to calibrate the
MX 21 PLUS. vou can select the gas vou wish to
measwre from any of the 16 preprogranuned
flammable zases or vapors from its international
library. thersby ensuring a direct reading in % LEL.
If the concentration excesds the LEL range. the
instrument will display over range in compliance
with "non-ambiguity readout”

- Reliable oxygen measurement. The oxygen sensor
manufactured in OLDHAM!'s modern laboratories
provides accurate and reliable measurement [8].

The user can carry the MX21 PLUS apparatus
in housing. The apparatus is designed so that the
measurement cells are oriented to exterior. This
fact makes that the holes for the measurement
cells are visible during measureiments.

The MX21 PLUS apparatus must be put in
vertical position, with the battery downwards.
Depending on the gas types that are measured.
the apparatus must be placed:

s on ground, for heavy gases measurement
(H.S. CO):

e on medium height (about 1 meter above
the ground) or at the exhaust of some
ventilation tubes from the industrial zone
(for the general measurement of the

maximum number of gases or for oxygen
supervise).

Fig. 8 Measurement with the OLDHAM MX21 Plus
portable multi-gas detector

Next 1s presented as an example the scheme of an

mtersection, with the chosen measurement points in
order to make the measurements.
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Fig. 9 The points where the measurements were
done

The measurements were made for each of the 6
intersections of the route. Simultaneously there were
taken the values of traffic flow and the values of
main chemical compounds pollutants. The four
distinet situations. in function of season and time
interval in which the measurement was made are:
¢  cold season (winter). morning rush hour (8.00-
9.00):
e cold season (winter).
(15.00-16.00);
* warm season (summer). morning rush hour
(3.00-9.00);
® warm season (summer), evening rush hour
(15.00-16.00).
From the six pollutants for which were made
measurements, there were analyzed only three
and these are: carbon monoxide (CO). volatile
organic compounds (VOC) and ozone (O3). The
rest of the pollutants were not analyzed for the
following reasons:
Nitrogen monoxide (NO) — the values of the NO
concentration are for most of the intersections
minimum (1 [ppm])
Sulphuretted hydrogen (H,S) — the values of the
H>S concentration varies very little from one
season to another, and is not specific to
vehicles.
Nitrogen dioxide (NO,) — the values of the NO,
concentration varies depending on the season
and on the time interval when the measurements

evenmg rush hour
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were made. The values are between 0.1 and 0.2
[ppm] for most of the cases. Though, it could
not be established a dependency of the NO,
concentration mn function of the etalon vehicle
number. The values measured varies randomly
m function of the weight of different categories
of vehicles from the road traffic. but also in
function of geometrical parameters of each
intersection. For exemplification it was chosen
the route 2. in the summer. for the evening rush
hour.

w
NOE, summer, 15,006,008

A
3“‘: \

e | 2 |1
\ e
i ‘\‘_-_.-'.‘.——
i 2
wzﬂ' 300 1500 Aann A500 S00a

ERen s

Fig. 10 The concentration variation of NO- [ppm]
for one intersection

The concentration variation of three chemical
pollutants (CO [ppm]. VOC [ppm]. O; [ppm]).
specific to the areas near the road’ infrastructure for
the two analyzed time intervals is presented in the
next graphics (for one intersection);

CO concentration

@ CO, 8-9, winter
O CO. 8-9, summer

m 0, 15-16, winter
O CO, 15-16, summer

10+
g4
a4
74
G

CO [ppm]

[ I O R Y SN

12 3 4 5 6 7 8 9% 10N

Measurement points

Fig. 11 The concentration variation of CO [ppm]
for Intersection 5 - Eroilor Boulevard + V. Tepes
Street + N. Bilcescu Street + 15 Noiembrie Bvd.

Issue 4, Volume 4, Apnl 2008

19



WSEAS TRANSACTIONS on
ENVIRONMENT and DEVELOPMENT
Manuscript received Sep 17, 2007; revisaed Mar. 24, 2008

VOC concentration

B VCC. 8-9, winter
O VOC, 89, summer

B VOC, 15-16, w inter
OV oc, 13-16, summer

164
144
124
104

VOC [ppm]

04 L|

5
12 34 96 'T 8§ 9N

Measurement points

Fig. 12 The concentration variation of VOC [pp]

for Intersection 5 - Eroilor Boulevard + Vlad Tepes

Street + 15 Noiembrie Boulevard

03 concentration

@ O3, 8-9, winter B O3, 15-16, winter

093, 82, summer 0 O3, 13-16. summer

0,04 <
0,03+ f
[
& 0,02
©
0 "l
OI01 _ - - - 1L ‘l | W
o] T T T T T

1T 2 3 4 5 6 7 8 9 10N

Measurement points

Fig. 13 The concentration variation of O; [ppm] for
Intersection 5 - Eroilor Boulevard + Vlad Tepes
Street + Nicolae Bilcescu Street + 15 Noiembrie

Boulevard

4 Accomplishment of the mathematic

model

Using the measured data from the intersections. it
can be established an average pollution level for each
of these ones. For each intersection it will be
analyzed only the points which are near the road.
excludmg the points which are far from the road or
placed after green areas or other objectives. For each
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pollutant it will be established an average value,
expressed in the corresponding measuring unit. The
average will be a rounded arithmetical mean. which
the

measurement points. but without the maxinmm and

will contain all the values obtained in

the minimum value.

1
T p; —min(p; ) - max(p;)

b4 = (1)

medie = s
n—

where: X oz = the average value of the analyzed

pollutant: p; = the value ot the pollutant in each of

the analyzed points: n = the number of analyzed
points for each mtersection.

In order to realize the model there were made tables
with the fratfic values and the values of the three
pollutants, in function of the intersections of the
analyzed route. For calculus were nsed the equations
corresponding to the determined polynomial curves.
for each pollutant, using the wvalues obtained
experimentally.

Seasmn Tnterval The average valae OO [ppm]
. 00-5.00 54285
= 1500-16 €0 14
00-5.00 ,00000
Smmer
13.00-16.00 42857
Season Interval The average valee VOC [ppm]
- 2.00-5.00 42857
1500-1500 37143
R 2.00-8.00 TALRS
150016 0 48571
Soason Interval The average vahe N0z [ppm]
) B.00-0.00 01000
ke 15001540 0,100
R 2.00-0.00 0,2000
150016 ¢ 41000
Srason Interval The average value Os [ppm]
. 300-2.00 00129
150016 G 00147

Fig. 14 Tables with the chemical pollutant values for
one intersection

The working page of the mathematical model was
made grouping the four analyzed situations. for each
of the analyzed route. For each of these situations,
the intersections were sorted increasingly by the
number of etalon vehicles. For each of the studied
pollutants there were determined their variations in
function of the etalon vehicles number.

The taken wvaluss vary randomly in function of
weight of the different vehicles’ categories from the
road traffic. but also in function of the geometrical
parameters of each infersection.

For each of the four situations, the intersections were
arranged increasingly after the number of etalon
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vehicles. Next to each infersection there were
wrirten the average values of the two pollutants. 10
represent in a chart the dependence between these
two and the number of etalon vehicles. The obtained
curves were calculated for each representation of the
experimental values (obtained from measwrements).
obtaining a theoretical curve given by a polynomial
equation. It was whished to obtam a theoretical
curve very closed to the curves obtained with the
experimental values. For each situation. the resulted
theoretical curves will be described tlwough
polynomial equations of 2 and 3¢ degree [1], [3].
Next 1t will be presented the resulted curves and
equations from the analysis. for each of the tlwee
studied pollutants. for a single situation. For
exemplification there will be presented the variation
curves for CO. VOC and O: in the warm season. at
he morning rush hour.

B0
554
-
[%s
504
E 44
g8 o™
‘é‘ 40 4 -
35 1
1 e
au
/.
28
20 T T T T T
2000 25010 3000 isoa 4000 4530 5100
Fralon Vehicles

Fig. 15 The variation of the CO concentration in

function of the etalon vehicles number

£ 7
P=]
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o
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i
-
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z000 2500 3o 3s0o 4000 aseo s000
Etalon vehicles
Fig. 16 The variation of the VOC concentration in
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Fig. 17 The variation of the O; conceniration in
function of the etalon vehicles number

For this analyzed chemical compounds. in order 10
realize a unitary mathematical model. it can be
wiitten  equations of pollution concentration
variation depending on etalon velicles number
measured in one hour time interval.

= A dv
Cotheoretical =2.32428+1.09063-10 Y g+

—8 2
+9,27022-10 Vg~ (2)

VOCypcoretical = —15:45515+0,01672- Vi -

6 10, 3

- )
—4.3480-10 ~ Vg~ +3.9856-10 V& (3)

=0,01179 -2,2649 107" - Vg +

theoretical
- 5 -10 2 i

+6.65935-1077" - Vg (5]
Where: COmeorercals VOCimeorenical and Osthesretical = the
theoretical values of the CO. VOC and O;
concentrations which describes the variations of the
mathematical model curves; Vi = The number of
etalon vehicles:
These equations can be generahized. using for all
sifnations representative constants.

C.Orheoreuczl :‘ACO + BC'O . \FE i CCD b 1V_'E_ +

0;

+Dco - Vg~ )
\!O(‘theore‘tica] =A voce T B\'OC '\('YE +

r 2 -3
+Cvoc - Ve +Dvoc - Ve (6)
Osheoretica =203 +Boz - VE +Co3 - VE™ +
-i-D(B-\'rEJ (7

Where: Avoc. Bvoc. Cvoc. Dvoc. Aco. Beo. Ceo, Deo,
Aps. Bgs and Cg; = Representative constants for
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each analyzed situation.
After the imnfroduction of the formulas and the
graphical representation of the tlwree pollutants.
result the theoretical curves corresponding to the
used equations.
In figure 18 are presented the table and the
corresponding  diagrams for route. in the warm
season and the morning rush hour (8.00-9.00). In the
table are presented: the corresponding number for
each intersection. the traffic values (etalon vehicles).
the average wvalues for the chemical pollutants
concentration (determined using the data obtained
experimentally) and the pollutants’ values obtained
through caleulus. using the polynonual equation of
each pollutant compound.
The three diagrams represent the variation of the
three pollutants in function of the measured traffic
volumes in the route’s intersections. The blue spots
represents the values determined experimentally.
from the measurements and comresponds to the
values from the table (written also in blue). from
columns C. E and G. The red curves represent the
pollutants variations with the etalon vehicle number.
using the values obtammed mathematically using the
polynomial equations corresponding to each
pollutant. These values are wriften in red and they

are situated in columns D, F and H of the table.
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exemplification are presented the wvariation
curves of the carbon monoxide (CO). for the
four studied situations. In the four figures it can
be noticed the visible differences of the etalon
vehicles number from the intersections for the
measurement time interval. but also of the
variation curves” shape.

CO, winter, 8.00-9.00

e COerperimental [ppm] s C0 theoretical [ppm] |

5,5000 /
F 3.0000
3 "‘
&
8 4,5000 //
o L

4,0000 .

2500 3000 3500 4000 4500 5000 5500

Etalon vehicles

Fig. 19 The variation of the CO concentration for
the 8.00-9.00 hour interval and for the winter season

CO, winter, 15.00-16.00

| o CODexpenmental [ppn s CO theoretical [ppr |

52000
5.1000

y |
.~

[ ]
50000 =
49000 //.
48000

/

47000
Y

46000
45000 4
4.4000

3000 3500

CO [ppm]

4000 4500 5000 5500

Etalon vehicles

Fig. 18 Presentation of mathematical model results
for one of the four situations. for the analyzed route

Each studied pollutant it had wvariations in
relation with the season and the time interval in
which the measurement were made. So. the
variation curves of the CO. VOC and O; differs
in function of the atmospheric conditions. For
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Fig. 20 The variation of the CO concentration for
the 15.00-16.00 hour interval and for the winter
season
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CO, summer, 8.00-9.00

o  COexperimental [ppm] == CO theorstical [ppri |
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Fig. 21 The variation of the CO concentration for
the £.00-9.00 hour mnterval and for the summer
$2ason

CO, summer, 15.00-16.00

® CO expermental [ppm] = CO theoretical [ppm] |

=

2‘/
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Fig. 22 The variation of the CO concentration for
the 15.00-16.00 hour interval and for the summer
season

4 Conclusion

The mathematical model can be used for different
routes and situations and mfroducing a number of
etalon vehicles for an intersection can be estimated the
pollution level for three chemical pollutants.

In the case of the cold season (winter). on the
morning rush hour (8.00-9.00). the CO and VOC
concentration variations are after two ascending
curves, given by the g degree polynomial
equations. For CO the curve is convex and for
VOC the curve is concave,

In the case of the cold season (wimnter). on the
evening tush hour (15.00-16.00). the CO
concentration variation is after one ascending
curve, given by the Fe degree polynomual
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equation and the VOC concentration variation is
after one ascending concave curve given by the
2™ degree polynomial equation.
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Fig.23 Utilization of mathematical model for CO.
VOC and O; concentration estimation. in function of
etalon vehicle number for a route

In the case of the hot season (summer), on the
morning rush hour (8.00-9.00), the CO and O3
concentration variations are after ascending
convex curves given by the 2* degree
polynomial  equations, and the VOC
concentration variation is after an ascending
curve given by a ¢ degree polynomial
equation. For all three pollutant compounds.
their concentration variation in function of the
etalon vehicle number is similar.

In the case of the hot season (summer), on the
evening rsh hour (15.00-16.00), the CO and O;

concentration variations are after concave
: : nd

ascending curves given by 2 degree

polynomial  equations. and the VOC

concentration variation is after an ascending
curve given by the 3 degree polynomial
equation. For all three pollutant compounds.
their concentration variation in function of the
etalon vehicle number is. as in the case of the
morning rush hour. similar.

From this study which as realized on the base of the
data obtamed experimentally can be observed some
characteristics of the pollution made by traffic flow:
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Substantial increments of the chemical
compounds concentrations resulted from the
fossil fuels burning are in the case of
transitory functioning of intermal combustion
engines.

The time interval and the season influence
vizibly the chemieal pollutant compounds.

The meteorological conditions (temperature,
wind's speed and direction. humidity. air
pressure) inthience the pollutants’ values.

The maffic’s flow composition (cars. trucks.
buses, trolleybuses) but also the traffic volume
values (expressed by the Iraffic capacity =
etalon vehicles \ hour) have a determinant role
over the city’s pollution Ievel,

Intersection’s and main streel’s geomelry o
which is developing the city’s transitory traffic
influences significantly the pollution level.
The biggest impact over the air quality. from
the areas designated to pedestrians. 15 given by
the traffic road: the pollutant emissions from
the vehicles being maximal near the roads. at
the height of the hwnan respiratory organs.
The main contributions given by this research
about the chemical pollution from the road
traffic are the following:

o There were identified the major problems
about the organization of the road traffic
from Brasov District which contributes to
the chemical and noise pollution from the
urban areas.

There were made road fraffic and
environment measurements, aiming to
locate the levels of chemical and noise
pollution from the traffic road.

There was analyzed the local vehicles
park. its structure, perspectives. the level
of pollutant emissions from this one and
the causes of the pollutant emissions
generation.

It was realized a complex data base. which
includes the values of the traffic road. the
chemical pollutants and the noise levels.
The data base will be updated with the
values measurad in the next vears.

It was identified the current and the future
international and the national legislation
regarding the maximum allowed levels of
the chemical and noise pollution cansed by
road traffic.

It was realized a mathematical model of

L]
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estimation of the chemucal and mnoise
pollution levels in function of the tme
interval for the two routes studied.
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On-Board Measurement of Emissions
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Abstract. Currently. testing the ecological performance of light vehicles is
made using the New European Drive Cycle. Taking into account the problems
of the last years, related to the efficiency of the testing procedures and approval
of the motor vehicles on the stand, new testing and approval strategies are
required, Our research aims to develop a methodology for measuring on-board
emissions from vehicles, for different urban and extra-urban routes. For the
present paper, the emission measurement system was tasted on the wvehicle
equipped with a spark ignition engine. There were 5 routes, of which 4 urban
and one combined (urban and extra-urban). The results will help to prepare a
methodology for testing on-board vehicles.

Keywords: Vehicle - Engine - Pollution - Emissions - Urban

1 Introduction

In recent years are developed various systems and equipments used for on board
vehicle pollutant emissions evaluation. This paper presents experimental methodology
for an on-road emissions measurement strategy (using a portable measuring equip-
ment). The collected data from measurements can help the development of an emission
inventorics methodology.

In order to evaluate and control air pollution produced by the transport sector. it is
essential to identify the pollution sources and environmental impact. In present, the
asscssment of the emission factor is determined using the dynamomcter testing.
Dynamometer testing is a methodology in which the pollutant emissions of the vehicle
are measured in laboratory conditions, using a cycle that simulates road conditions
(urban and exwra-urban). This cycle is a sequence of stops, starts, rolling at constant
speed, accelerations and brakes. Nowadays, different test cycles are used to simulate
different running conditions. The problem is thar the dynamometer tests are affecred
from shortcomings associated with non-representativeness of actual driving conditions.
On-board measurements represents a more efficient alternative to quantifying vehicle
emissions, because the data are collected under real conditions, on any route we want [1].

The light vehicles are tested under controlled laboratory conditions using a stan-
dardized cycle. For the pollutant emissions evaluation, the test conditions are well

© Springer Nature Switzerland AG 2020
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known and there could be a risk of a configuration of the engine's operating mode for
passing the emission tests when operating under test conditions [2].

Most studies at EU level show that the emissions measured in real road conditions
were higher than in the case of stand testing with at least 60% and 30% for diesel
vehicles and respectively, for almost all pollutants. Also, the carbon dioxide emissions
measured on the stand were lower by 10% to 509% compared o the actual cmissions
measured on board, for different vehicles [3].

In order to resolve these problems, on-board pollution evaluation is needed.
Investigation of vehicle emissions with on-board measurement systems is a more
efficient alternative in order to understand how these emissions contribute to air pol-
lution [4].

2 Methodology

Our research aims to develop a methodology for measuring on-board emissions from
vehicles, for different urban and extra-urban routes. For the present paper, the emission
measurement system was tasted on the vehicle equipped with a spark ignition engine.
There were 5 routes, of which 4 urban and one combined (uthan and extra-urban). The
results will help to prepare a methodology for testing on-board vehicles.

The measurements ware made using a portable analyzer. GA-21 plus, an equipment
produced by Madur Austria. The GA-21 plus is a flue gas analyzer which can measure
the emissions of: Oxygen - O,, Carbon monoxide - CO, Nitric oxide - NO, Sulphur
dioxide - 80,, Carbon dioxide - CO,, Nitrogen oxides - NO, [3].

Experimental research has been made using a light vehicle, Dacia Sandero,
equipped with a 1390 cm?® spark ignition engine. Engine vehicle Power is 55 kW at
5500 rpm [6].

The pollutant emission measurement equipment has been fixed in the vehicle. Its
probe was mounted on the vehicle exhaust as instructed in the operating manual of the
equipment, as shown in Fig. 1.

[GA 21 Plus Exhaust Gas Analyzer

e '@;\]fﬂ

sese 4 26 =6

Amalyzer Probe

Fig. 1. GA-21 plus Analyzer placement nside tested vehicle.
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The 5 roules that were tun were chosen as representative for road transportation
daily journeys in urban areas in Brasov City: the connection between residential areas
and the historic centre, the connection between residential areas and industrial areas,
connections between the historical centre and the civic centre or commercial areas,
connections between the mall area and new residential neighbourhoods, etc.

The routes were numbered from | to 5, as follows:

Route | — Transilvania University Institute (Institutului Str.) + Fagarasului Street +
Cristianului Street + Lunga Street + Livada Posgtei (see Fig. 2);

e, —= N
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=1
1 Platforma Induairia'd Route 3
Aulmentul M
A njma B E Eﬂy!“@

"= Dirsction

TS By e

Q Zona Industrialy

Tizhouhul

¥ Bragoy

PRUND-SCHEI
¥ ot
CENTRUL VECHI

- e

Bigarica Sfinto Treime

Gaagle

DHJIL'r.‘m_:n

Fig. 2. The 5 analyzed routes from Brasov City.

Route 2 — Livada Postel + Eroilor Boulevard + 15 Noiembrie Sti. + Civic Centre +
Zizinului Str. + Gemenn Intersection + Saturn Boulevard + Ornizont Shopping
Center (see Fig. 2):

Route 3 — Orizont Shopping Center + Saturn Boulevard + Calea Bucuresti Str. +
Zorilor Str. + Carpatilor Str. + County Hospital + Traian Str. + Orizont Shopping
Center (see Fig. 2):

Route 4 — Grédinarilor Str. + 15 Noiembrie Boulevard + Castanilor Str. +- 13
Decembrie Str. + Henri Coandi Sur. + Coresi Mall (see Fig. 2):

Route 5 — Coresi Mall + Henri Coanda Str. + 13 Decembrie Str. + Brasov Bypass
Road - Bartolomeu Residence + Lanii Str. (see Fig. 2).
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All five routes were configured to be traveled within 10 min. depending on street
categories, intersections, priorities, and road traffic. Every 10 s values for emissions
(CO, CO,, NO, NO,, NO,) was stored.

3 Research Results

The results resulted after the five tests were downloaded and it was created a database
in order to analyze them [7].

For every report following parameters are saved: parameters values (CO, NO, NO,,
SO,, HoS, Hy) measured by the equipment cells and expressed in (ppm); calculated
parameters values (O, (%), CO; (%), NO, (ppm)); calculated parameters values (CO,
NO. NO,, SO, H,S. Hj) expressed in {mgf‘m'a}: flue gas temperature, Ty (°C):
ambient temperature T, (°C): excess air factor X [5].

Pollution data stored after recording the tests (for all routes) are presented as charts
(see Fig. 3).

Route 1 - It is a route that connects an institution (the Transylvania University
Institute) and the historical centre of the city, more precisely with the main public
transport terminal in this area (Livada Postei Terminal).
Route 2 - It is a route that connects the historical centre of the city (the terminus
point of Route 1) and an important commercial area of Brasov (Orizont Shopping
Center), passing through the civic centre of the city.
Route 3 - It is a route that has the same start and end point, starting from a
commercial area (Orizont Shopping Center, the terminus point of Route 2) and
passing through several residential arcas and the area where the Brasov County
Hospital is located.
Route 4 - It is a route that connects one of the limitrophic areas of the historical
centre (Patria area) and the main shopping area of the city (Coresi Mall), passing
one of the busiest streets of Brasov (13 Decembrie Street).
Route 5 - It 1s a route that connects the city’s main shopping area (Cores: Mall) and
an expanding residential district (Bartolomeu) through the bypass road of the city.

Each routc has peculiaritics, but it can be assimilated by the majority of the
metropolitan urban routes.
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Fig. 3. Pollution data stored from GAZ21Plus analyzer, for all routes,
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In order to compare the values registered for all 5 routes, CO, NO, and CO,
concentrations ware analyzed. These values are presented as charts in Figs. 4, 5 and 6.

CO variation for Routes 1to 5
1200 T
1100 !
1000 ! 1,.
900 T 'I
. 800 # & T
e T
Q 500 T |I | ” | ﬂ i
~ % I
100 ~ i
0 T T T T T ’
4] b 10 15 20 25 30 35 40 45 50 55 60
Measurements
—+— CO Route 1 —==—CO0O Route 2 —— CO Route 3 —#— CO Route 4 —+—CO Route § |

Fig. 4. The variation of CO at vehicle’s exhaust pipe. for routes 1, 2, 3. 4 and 5.
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Fig. 5. The vanation of COs at vehicle’s exhaust pipe, for routes 1, 2, 3. 4 and 3.
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NOX variation for Routes 1to 5
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Fig. 6. The variation of NO, at vehicle’s exhaust pipe. for routes 1. 2. 3. 4 and 3.

For carbon monoxide the highest values were recorded for all routes in arcas where
unstable engine regimes were nsed: departure, intersectinons, crowdad areas. and areas
where a parking space was sought. By comparison, the highest values (peaks or mean
values) were recorded for Route 2, Route 3 and Route 4.

In the case of carbon dioxide, the values varied substantially for all routes. By
comparison, the highest values (peaks or mean values) were recorded for Route 1 and
Route 3. on speed corridors. In the case of Route |, the highest values were recorded in
the starting area, on the Institutului Street and Fagarasului Street, but also in the case of
the main arteries with one sense, Lunga Street. For Route 5, the maximum values were
recorded when we were on the bypass road of the city.

In the case of nitrogen oxides, the values varied in areas of use of the engine to
unstable modes: intersections, turns, pedestrian crossings, crowded areas. The highest
values were recorded for Route | and Route 3. These two routes are also most frag-
miented by intersections, pedestrian crossings and priority lusses.

4 Conclusions

The on board measurement for vehicles emission is an optimal strategy compared to the
strategies based on static measurements, under laboratory conditions. Measurement of
cmissions on board provides data at any time and location, resulting in a more rep-
resentative database than can be obtained classically.
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The paper presents a methodology for performing tests of emissions from exhaust
gases of vehicle in urban and urban/ extra urban environment. To be relevant, tests
have to be done on routes showing general elements specific to certain types of cities.
In this case, the routes were chosen to be representative of metropolis in Europe. Short
trips of about 10 min have been simulated to cover the usual destinations of those that
use personal vehicles.

The values of carbon monoxide, carbon dioxide and nitrogen oxides, specific 1o
spark ignition engines, have been analyzed. The highest values were recorded for all
routes in areas where unstable engine regimes were used: departure, intersections,
crowded areas, and arcas where a parking space was sought.

The next step of the research is to find a route that will faithfully simulate the
current European test cycle and determine the differences between the values recorded
in laboratory und reul-time conditions when going through the real route. The research
will he made according 1o the RDE legislative requirements laid down in Regulations
(EU) 2017/1151, 2016/467, 2016/626, and 2017/1154 (collectively referred to in this
document as the RDE LDV regulations) [8].
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Abstract. Transport represents the sector with the fastest growing greenhouse gas emissions
around the world The main global objective is to reduce energy usage and associated
greenhouse gas emissions from the transportation sector. For this study it was analyzed the
road transportation system from Brasov Metropolitan area. The study was made for the
transportation route that connects Ghimbav city to the main surrounding objectives. In this
study ware considered four optimization measures: vehicle fleet renewal; building the detour
belt for the city; road increasing the average travel speed; making bicycle lanes: and
implementing an urban public transport system for Ghimbav. For each measure it was used a
mathematical model to ealeulate the energy consumption and carbon emissions from the road
transportation sector. After all four measures was analyzed 1s calculated the general energy
consumption and CO: reduction if this are applied from year 2017 to 2020.

1. Introduction

The cities from Europe are centres ol many activities: economic, social and mnovation. Many of them
face many challenges to their mobility systems: traffic jams, poor air quality, noise pollution, green
house gases emissions and road accidents. All of these have significant negative impacts over the
environment, human healih and economic performance of cities. These problems will increase in
mtensity n the future, because, the cities continue to grow |1 ].

Urban transport systems are important elements of the European transport system and are a concern
for the European Common Transport Policy. The 2011 Transport White Paper sets very ambitious
targets to address these challenges, especially for Central European Countries. In this case, there 1s a
wide range of instruments available to implement the policy efforis: efficient land usage, urban
planning, pricing policy, inlrastructure for non-motorised vehicles, charging/refuelling ol clean
vehicles to reduce emissions, 100% green transportation systems and infrastructure upgrades. These
mstruments should be part of a meaningful strategy in order to develop cost-cffective interventions,
The target is the year 2030, in order tw meet the Transport White Paper objectives [or urban
transnortation [11

The development of the roadmaps helps to recognise that different types of policy measures are
appropriate for dillerent types of citics. The analysis of scenarios and roadmaps help 1o assess the
impact of the European urban mobility policies in the long term [1].

In Romania transport policy aims o align the national transport system continues o Community
Transport Policy principles defined in the Transport White Paper (with corresponding updates) and the
requirements of sustamable development of Romania [2].

For this study it was analyzed the road transportation system from Brasov Metropolitan area. The
study was made for the transportation route that connects Ghimbav city to the main surrounding
objectives. This region faces many mobility problems, because is situated in the centre of Romania, at

the junction of several main transportation routes. This mobility problems aflect Brasov city and all

r@"{)' Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distnbution
= of this work most maintain attribution 0 the awthor(s} and the title of the work, journal citation and DOL
Published under licence by IOP Publishing Ltd 1
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communities from the metropolitan zone. The city of Ghimbav is an important industrial. economic
and residential eity, despite its size (5200 mhabitants).

2. The analyzed area

For this study it was analyzed the transportation modes [rom Brasov Metropolitan Area, especially in
the surroundings of Ghimbav city. The city of Ghimbav is located in the west of Brasov County. with
the following geographic coordinates: 45 degrees 39 minutes wide. N; 25 degrees 36 minutes long. E.
The road connections with these areas are insured by the national road network (DNI and DN73B)
and county road (DJ 103C).

This area is an important industrial zone, but also is an expanding residential zone. In the future in this
area will be developed some important objectives, such as: International Airport Ghimbav-Brasov,
Brasov-Comarnic highway, an agreement zone and more residential districts. The connections
between the Ghimbav city centre and all this objectives will be made by road transportation
(passengers and freights). In the figure 1 is presented the Ghimbav zone and its connections with
actual and future objectives.

Aamdisul Aniaty

Ghimbay

éﬁﬁ&\ Brasov
figika s

b=erez il

Figure 1. Analyzed area - Ghimbav city and its connections with actual and future objectives (Google
Maps)

3. Energy consumption and CO; mitigation model for

3.1. Mathematical model for Ghimbav transportation system

For the city ol Ghimbav it was made a prediction model m order to estimate the energy consumption
diminish and the CO> amount resulted from road transportation. Three optimization measures ware
considered: vehicle fleet renewal: making bicycle lanes; and green public transportation system
implementation.
There were calculated the proportions of decrease for the following:

¢ Final energy consumption [MWh].

e  Total CO, Emissions / COs equivalent [6].
The study was start [rom initial data: Ghimbav vehicle {leet composition during 2008 - 2012: values
expressed in tones of COz produced in the 2008 -2012 period.
The prediction model uses traffic volumes data from 2010 - 2015 period in order to predict the traffic
flows for the 2016 - 2020 period. Using existing data on vehicle fleet, the total encrgy consumpiion
and CO-> emissions for Ghimbav we can calculate the total energy and CO2 emissions for 2016 - 2020
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period. Following the mathematical modelling results the dependence of total energy consumption and
amount of emitted CO> over the vehicle fleet evolution [6].
Without applyimg any measures, the energy consumption will inerease in the following years.
Equation (1) described by polynomial second degree regression curve, represents Energy consumption
evolution up to 2020, for transportation sector (also in Figure 2):

X pry = 2543277 —10217-V, +10° (1)

Erner;

Where: Xepagy 1s the approximate amount of the total energy consumed, and Ve 1s the number of
ctalon vehicles, For this function. the standard deviation (R?) is 0.9963.

Energy consumption without any apllied measures
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2000 ] y =25432x%-102171x + 1E+08
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Figure 2. Energy consumption prevision for 2020 without any transportation applied measures

The COz2 emission values will increase directly proportional with energy consumption. Tn order to
decrease energy consumption and CO; emission values 1t 18 necessary to implement the measures
mentioned above [8].
The standard emissions [actors applied in this study are:

e 0.249 [tones CO2 / MWh] - for spark ignition engines:

e 0.267 [tones CO»/ MWh] - [or compression ignition engines;

s 0.000 [tones CO2 / MWHh] - for bioluels [6].
For the transportation sector, data for each fuel and vehicle were calculated using the formula:

b — b ) 4 (2)

average
Where: Xusearua - Energy consumption for road transporiation [kWh]: D - route distance [km]; Cavernge -
average fuel consumption [liters/km]; Y - conversion factor for cach fuel [kWh'liters]. Y = 9.2 for
oasoline and Y = 10 for Diesel [8].

3.2. Vehicle fleet renewal

This measure can only be applied to the municipal and local transport flect. Using the data on the
number of municipal vehicles fleet of Ghimbav eity and from related fuel consumptions, result the
following [6].

Fleet renewal for municipal fleet will lead to a consumption decrease for: from 10 liters/100 km to 8
liters/ 100 km for light vehicles and from 30 liters/ 00 km to 25 liters/ 100 km lor heavy vehicles. After
applying these measures will have a reduction: 448.97 [MWh] and 117.84 [tones COa].
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3.3. Bicycle lanes implementation

Cycling has a major role for mobility quality in metropolitan arcas. By using non-motored vehicles,
congestions will be lighter and local air pollution and emissions of greenhouse gases will decrease.
About 20% of car trips are less than 3 kilometres, a distance that can be easily made by the bike in less
than 15 minutes [5]. The study is based on approximate trallic volumes decrease by creating bicycle
lanes in Ghimbayv city and on the main roads that connects Ghimbav with the stranding cities (Brasov,
Codlea and Cristian).

A Parking for bikes
—BRicycle lanes for city,con

Future agrement area  Gpimpar

[T e R

Cristian

Figure 3. Bicycle lanes implantation strategy: bicyele lane example (left): bicycle lanes strategy in
Ghimbav city for 2020

According to the analyzed data in this study for bicycle lanes, resulted a decrease of 8% road iraffic
volumes after the construction of a bieycle lane in Ghimbav. Alier applying this percentage reduction
for total vehicle we have a reduction of: 1015.28 [MWh] and 260,82 [tones COz] [6].

According to the analyzed data in this study for bicycle lanes, resulted a decrease of 8% road traflic
volumes alter the construction of a bicycle lane in Ghimbav. After applying this percentage reduction
for towl vehicle we have a reduction of: 101528 [MWh] and 260.82 [ones COa] [6].

3.4. Implementing a green urban public ransport system for Ghimbav

Public transportation systems, imcluding electric buses, contributes to cleaner air and quality ol life in
cities and reduces green house gas emmssions, as it uses up lewer resources and emits less CO5 than
other transportation modes. Compared to private motorised mobility, public transportation makes the
most efficient and equitable use of scarce resources, such as fuel and public space. By occupying less
space and generating [ewer cnussions per passenger, public transport enhances the quality of life in
cities. The full potential can be exploited m the right conditions, when buses operate on reserved
priority lanes and with prioritization measures [3].
Also, implementing a public transportation with electric buses will lead to a noise level diminish in
city area. Road traffic noise may depend by several parameters: the mraffic volume, the traffic flow
typology. the vehicles typology, the road and pavement features, the speed. The influence of the speed
on the noise is determined by two main factors: the interaction between tires and road and the power
train noise, influenced by the engine speed. The power train noise will be significant decrease if
electric buses are used [7].
For Ghimbav city was proposed two public buses routes. First route will cover the Ghimbav city
centre, connections to schools, City Hall, commercial objectives and residential areas. The second
route will cover residential areas, City Hall, industrial areas, Ghimbav Industrial Park, Aerotec an
Aarbus (in the perimeter of future International Awport) and commercial objectives.
For this paper it will be presented Route 1. The public transportation system parameters are presented
m the followmg paragraphs:

e The total length of the route: 5,50 km.
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Total journey time: 30 nunuies.

Number of bus stations (stops) on the route: 11.

The average bus stop time in stations: 1.2 minutes.
Number of mtersections (without priority) on the route: 7.
The average stop time at intersections is 30 seconds.
Buses speed limit on the route: 50 kim/h.

Cruising speed (average) of the route: 25 km/h.

doi: 10.1088/1757-800X/252/1/012051

Peaks of passenger demand: Monday - Friday (working days): between 6:00 h -~ 10:00 h and
14:00 h - 18:00 h; Saturday: between 18:00 h - 22:00 h; Sunday: between 18:00 h — 22:00 h.

Necessary buses: 3 peaces.
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(m 176+950

Legend
Terminal bus stations

@ Bus stations

H Tour bus stations
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Figure 5. Electric bus Route | length (Google Maps)

The arrival frequency of bus stops in weekly hours is shown in the Table 1.
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Table 1. Frequency buses arrival in station (hourly intervals)

Weekdays Hour interval Tz‘me_fm?‘ne ben‘tfeen
conRsecutive ﬂf?'."r’d'!‘b‘
Mondny:= 22:00h — 6:00h 60 minutes
Friday 10:00h — 14:00 hs1 18:00h — 22:00 h 20 mimutes
- 6:00 h — 10:00 hsi 14:00h - 18:00 h 10 minutes
e 22:00h - 6:00h 60 111@11ulcs
i 6:00 h -22:00 h 20 minmutes
Sundy 22:00h — 6:00h 60 mmutes
) 6:00 h-22:00 h 20 minutes

The transportation system will have an integrated management system in order o control very
efficient the network. It can be used as an example the public transportation management system from
Brasov. Necessary infrastructure for electric buses will be needed. Also, two terminal stations and 15
bus stations will be made.

Figure 6. The public transportation management system from RAT Brasov

The implementation of an urban public transport system serving the Ghimbav population will reduce
the number of daily journeys made with personal cars in the following vears as follows:

Table 2. The decrease percentage of local road traflic

Year 2016 2017 2018 2019 2020
The decrease percentage of local
road tralTic alter public
transportation implementation:

o
=
=
A
2
=

30% | 40% | 50%

After applying this measure, we will have a reduction of: 1785.35 [MWh] and 458,64 [tones COz).

3.5. Estimated impact of analyzed measures in the future

In order to estimate the mmpact of implementing the proposed long-term measures, a calculation
resource used in the Europecan Union was used. This resource 1s Urban Transport Roadmaps
framework (it is one of the tools used by the metropolitan development agencies). Usmg this
framework, we can estimate the benefits of implementing the three measures for reducing energy
consumption for Ghimbav, up to year 2030 (Figure 7, 8, 9 and 10) [4].
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In Figure 7 is presented the evolution of carbon dioxide emissions alter the implementation of the
measures (reference year - 2017). On the left is anticipated the quantitative reduction of CQO; from
2015 to 2030, after the implementation of the measures in 2017. On the right is the evolution of the
CO2 level produced by the studied region from 2015 to 2030, afier applying the measures in 2017

(cumulated CO; level).
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Figure 7. CO; emissions reduction after smart measures implementation [4]

In Figure 8 is presented the evolution of carbon monoxide pollution level afier the implementation of
the measures. On the left is anticipated the guantitative reduction of CO from 2013 to 2030, and on the
right is the evolution of the CO level produced by the studied region, alter applying the measures in

2017 (cumulated CO level).
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Figure 8. CO emissions reduction after smart measures implementation [4]

In Figure 9 is presented the evolution ol particulate matier (PM]) pollution level alter the
implementation of the measures. On the left is anticipated the quantitative reduction of PM from 2015
to 2030, and on the right is the evolution of the PM level produced by the studied region, after
applying the measures in 2017 (cumulated PM level).
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Figure 9. Particulate Matter (PM) emissions reduction afier smart measurces implementation [4]

The economy output alter vehicle fleet renewal, making bicycle lanes and green public transportation
system implementation is expressed in the Figure 10.

Euro/year)

10000
9000
8000
7000
6000
5000
AQD0
3000
2000
1000

i
g

1000 € { year

. Ja
Sy

Transport expenditure of public administration (1000

|
£
v v

& = B Ao A i

R U S T Gt _ o o
N L U S gl S G U R e R AR
L ¥ L - L ¥ v v L L L

Year

Figure 10. Transport expenditure of public administration after smart measure implementation for

4. Conclusions

Ghimbav city [4]

For this study were analyzed three measures that can be adopted in order reduce energy consumption
and CO2 emissions: vehicle fleet renewal; making bicycle lanes: and green public transportation
system implementation. The most effective measure, implementing a green urban public transport
system for Ghimbav, will result in a decrease i energy consumption and CQ; emissions by 19.71%.
Making bicycle lanes wall lead to lower energy consumption and C'O2 emissions by 11.21%. Vehiele
fleet renewal strategy will lead to lower energy consumption and CO» emissions by 5%.
Using Urban Transport Roadmaps [ramework. we can estimate the benefits of implementing the three
measures for reducing energy consumption for Ghimbav, up to year 2030. [t can by noticed a
substantial reduction of the CO2, CO and PM emissions after implementation of the smart measures at
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Ghimbav City. Also, the pollution level of the analyzed arca will increase less afier the
mplementation of these measures.
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Researches on Combustion Quality for a Single
Cylinder Diesel Engine

Stelian Taruleseu’ " and Radu Tarulescu

Transilvania University of Brasov, Brasov, Romania
{s. tarulescu, radu. tarulescu}@unitbv. ro

Abstract. The present paper presents researches on combustion quality for a
Diesel single cylinder engine. The tests ware made on an AVL single cylinder
test bed for gasoline and diesel engines. In this case, it was used an AVL 510 cc
Single Cylinder Engine Type 5402. The quality of the combustion for this
engine was analyzed and compared with the theoretical principles. During the
test was noticed that the main engines parameters are variable for 100 engine
cycles. The variation occurs in function of the air tempemture, ar/fuel mixture
formation, cooling system variation. combustion start moment and several
engine design parameters. In order to increase the combustion quality, some
measures can be applied: using different injection strategies; varying the
advance angle of the spark related to TDC; varying the quantity of fuel injected
per engine cycle; optimization of combustion chambers.

Keywords: Diesel - Combustion - Quality - Engine - Mixture

1 Introduction

In order to obtain data and optimize solutions for GDI engines, a research program was
developed at Transilvania University of Brasov, ICDT - Research & Development
Institute. The research stand is an AVL single cylinder test bed for gasoline and Diesel
engines. For the present paper, the tests was made on a AVL CR Diesel Single Cylinder
Research Engine 5402. The single cylinder can be setup in several configurations (with
multipoint injection, with direct injection, with turbocharger). The mixture formation
and combustion processes of the fuel can be monitored through the test bed component
software, AVL FIRE Commander 7.06¢ - [AV [2].

2 Combustion Quality Evaluation for Diesel Engines

In Fig. | is presented the typical data for cylinder pressure, fuel injector needle lift and
fuel pressure in the nozzle gallery through the compression and expansion strokes of a
direct injection Diesel engine. The rate of fuel injection can be obtained from the fuel
pressure, cylinder pressure, nozzle geometry, and needle lift profiles by considering the
injectoras one or more flow restrictions. There is a delay between the start of imjection and
start of combustion. The pressure rises rapidly for a few crank angle degrees, then more
slowly to a peak value. Injection continues after the start of combustion. The general

©) Springer Intemational Publishing Switzerland 2017
A Chim and N_ Ispas (eds.), CONAT 2016 International Congress of Automotive
and Transport Engineering, DOl 10.1007/978-3-319-45447-4_48
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Fig. 1. Cylinder pressure p, injector needle lift I, and injection system fuel line pressure p;, as
functions of crank angle for small DI diesel engines (Source: B. Heywood, Internal Combustion
Engine Fundamentals. p. 503)
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Fig. 2. Cylinder pressure variation in function of combustion quality (Source: W. Pulkrabek)

shape of the rate of heat release curve is typical of this type of DI engine over its load and
speed range [3].

Estimates of the rate at which fuel and air mixwre with composition within the
combustible limits i3 produced in Diesel sprays under typical engine conditions, based
on a variety of wrbulent jet models of the spray show that mixing rates and burning
rates are comparable in magnitude. Estimates of characteristic times for the turbulent jet
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mixing processes in diesel combustion chambers show these to be comparable to the
duration of the heat release process, and much longer than characteristic times for
evaporation and the combustion chemical kinetics (Fig. 2) [3, 4].

3 Used Equipments

The researches presented in the present paper ware made on a AVL CR Diesel Single
Cylinder Research Engine 5402 with following specifications:

— Bore: 85 mm; Stroke: 90 mm.

— Displacement: 510 cm”.

— Max. speed: 4200 rpm.

— Max. firing pressure: 180 bar.

— Max. BMEP: 14 bar at 2300 rpm supercharged.
— Max. output: 19 kW at 4200 rpm supercharged.
— Compression ratio: 17:1.

The test bed have some other components and systems: AVL Engine Control Unit
(AVL ETU 427); Coolant and conditioning Unit 577; AVL Fuel mass flow meter -
Type Flex Fuel; AVL Fuel temperature control; Intake Air Consumption Measurement
Device; Particle Evaluation - Micro Soot Sensor Continuous Measurement of Soot
Concentration; AVL PUMA Open Test bed Automation (Fig. 3) [1].

Fig. 3. Engine paramecters read from the AVL PUMA Open Test bed Automation
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The used software for intake and combustion process optimization is AVL FIZRE
Commander 7.06¢ — IAV. AVL FIRE was developed to solve the most demanding flow
problems in respect to geometric complexity and chemical and physical modelling.
FIRE offers a comprehensive computational fluid dynamics solution: a powerful set of
modules, features and capabilities, pre-and post-processing integrated in a common
environment and workflows and methods effectively supporting the use of the sottware
to solve any problem accurately [2].

The software used for engine parameters monitoring is AVL Indicom software.
During cycle based data acquisition the value of cycle time must vary all the time.

4 Research Methodology

The engine was tested in controlled laboratory conditions. The used fuel was Diesel
Petrom Standard. The atmospheric temperature was constant maintained at 18°C.

The test was made for 50 % load and for 1500, 2000, 2500, 3000 and 3500 rpm
engine speeds. The intake parameters are controlled by set the number of injections. In
this case it was used only two injection phases (first pilot injection and main injection)
from a maximum of for possible phases. The fuel mixture was adjusted by varying the
amount of fuel injected per cycle (injection period - ps). The ignition time was set in
crank angle degrees before top dead centre. The engine combustion quality was tested
tor 100 engine cycles.

Combestion with more (ham 50% efficicacy
Excess alr cocffickest
Combustion quality

Engine cycle lndication

Cyliader pressare
J

Fig. 4. The intake and combustion features for AVL CR Diescl Single Cylinder Rescarch
Engine 5402, for 50 % Load and 1500 rpm
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The parameters changes were made to obtain an optimal single cylinder pressure
curve and more optimal combustion (no detonations). In the Fig. 4 are presented the
intake and combustion features for AVL CR Diesel Single Cylinder Rescarch Engine
5402. The upper window presents the parameters for intake and combustion quality:
combustion quality, combustions with more than 50 % efficiency and excess air
coefficient (mixture quality).

The main window presents the injection time (in function of engine crank angle and
TDC) and engine cylinder pressure.

The paper presents researches on combustion quality for an experimental single
cylinder Diesel engine. The tests ware made on a AVL single cylinder test bed tor
single cylinder engines. In this case, it was used a AVL 510 cc Single Cylinder Engine
Type 5402. The quality of the combustion for this engine was analyzed and compared
with the theoretical principles. During the test was noticed that the main engines
parameters are variable for 100 engine cycles.

In the following diagrams are presented the variation of engine cylinder pressure
for 100 engine cycles.

Engine cylinder pressure variation for 1500, 2000, 2500, 3000 and
3500 rpm engine speeds

80 .
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Fig. 5. Variation of engine cylinder pressure for 100 cycles, for 1500, 2000, 2500, 3000 and
3500 rpm engine speeds

From Fig. 5 results that the cylinder pressure varies for all tested regimes for all 100
cycles. The biggest varations are registered when engine runs at 2000 and 2500 mpm.

We can connect this variations with air/fuel mixture inside of combustion chamber.
The mixture (lambda) is expressed as an electric parameter (an electric impulse value -
expressed in Volts).
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Variation of carburant mixture expressed as an
electric impulse value
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Fig. 6. Variation of carburant mixture for 100 cycles, for 1500, 2000, 2500, 3000 and 3500 mpm
engine speeds

Figure 6 presents the variation of fuel/air mixture for all 100 engine cycles and for
the same engine regimes (50 % load and 1500, 2000, 2500, 3000 and 3500 rpm engine
speeds).

[t results that the cylinder pressure varies for all tested regimes for all 100 cyeles.
The biggest variations are registered when engine runs at 2500, 3000 and 3500 pm.

[n this condition we can conclude that the fuel/air mixture can influence the quality
of combustion for the analyzed engine.

5 Conclusions

In the research tests made on the experimental engine, a large set of data were collected
for the analysis of combustion quality and efficiency. The combustion quality can be
expressed by a set of graphical parameters, among which the most important is the
engine cylinder pressure. For functional conditions there were recorded 100 engine
cycles, at different engine regimes. It was observed a variation of cylinder pressure
curve in function of the excess air coefficient and indicated mean effective pressure.

In order to optimize engine operation and for a high quality of combustion we can
take the following measures:

— using an injection strategy with three or four phases:

— varying the advance angle of the spark related to TDC:
— varying the quantity of fuel injected per engine cycle;
— optimization of combustion chambers.

49



Researches on Combustion Quality 441

All these strategies can be tested using the software component AVL FI2RE
Commander 7.06c — [AV.

Another set of measures can be related to modelling the combustion chambers.
There has always been extensive debate over the optimum Diesel engine combustion
chamber design. There are a large number of options for cylinder head and piston
crown shape, spark plug location, size and number of valves, and intake port design.

The major combustion chamber design objectives which relate to engine perfor-
mance and emissions are:

— a fast combustion process, with low cycle-by-cycle variability, over the full engine
operating range;

— a high volumetric efficiency at wide-open throttle;

— minimum heat loss to the combustion chamber walls:

— a high fuel cetane requirement [6].

Acknowledgements. We hereby acknowledge the structural founds project PRO-DD (POS-CCE,
0.2.2.1., 1D 123, SMIS 2637, ctr. No 11/2009) and Transilvania University of Brasov for providing
the infrastructure used in this work.
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Urban Transportation Solutions for the CO,
Emissions Reduction Contributions

Stelian Tarulescu'™ " and Radu Tarulescu

Transilvania University of Brasov. Brasov, Romania
{s.tarulescu, radu. tarulescu}@unitbv. ro

Abstract. Consumption of electricity and greenhouse gas production repre-
sents the actual global issues. To reduce energy consumption and the amount of
COs specific local measures need to be adopted. For this study it was analyzed
the urban transportation system from Brasov Metropolitan Area. The study was
made for the transportation route that connects Brasov city and Sacele city. For
Sacele city it was made a prediction model in order to the decrease the encrgy
consumption and the CO, amount resulted from road transportation. For this
study ware considered four optimization measures: vchicle fleet renewal;
increasing the average travel speed; making bicycle lanes; and students mobility
management. There were calculated the proportions of decrease for the fol-
lowing: final energy consumpton [MWh] and total CO-> Emissions / C0O-
equivalent for each implemented measure.

Keywords: Transportation - CO, - Measures - Mitigation

1 Introduction

Many countries around the world have adopted very stringent regulations to monitor
and control urban traffic emissions. Energy use and carbon emissions are influenced by
how electricity is produced. use of energy in buildings and to move around the city.
Urban density and spatial organization are the key factors that influence energy con-
sumption, especially in the transportation and building sectors. The expansion of
built-up areas through suburbanization has been particularly prominent among the
metropolitan areas. Climate action over the urban level happens through local regu-
lations, urban services. programme administration, city purchasing and property
management. and convening of local stakeholders [1].

Dealing with climate changes will require many instruments and strategies
implemented for local conditions. If we want to meet the objective of cufting emission
by at least 30 % by 2050, the level gemerally agreed on to prevent dangerous
anthropogenic interference, and minimize the costs involved, a number of strategies
must be implemented or expanded in order to diminish the overall pollution level [1].

In the last three decades, emissions of greenhouse gases have increased by an
average of 1.6 % CO, in fossil fuel use, reaching 1.9 %/year. In the absence of policy
action, it is expected that these patterns of emissions growth to continue. For Romania,
green house gases (GHG) resulted from different sectors also highlights the major

€ Springer International Publishing Switzerland 2017
A, Chiru and N. Ispas (eds.|. CONAT 2016 Internaiional Congress of Awiomotive
and Transport Engineering, DOIL 10.1007/978-3-319-45447-4_49
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contribution to energy and transport sector, which means that they are areas on which
are necessary to implement measures and actions to reduce CO, emissions [2].

In terms of environmental impact, there is a wide range of factors influencing high
level of CO; emissions from road transport, such as supply and demand for road
vehicles, individual mobility needs, availability/lack of availability of alternative public
transport services common and associated costs of having a private vehicle. Although
the energy efficiency of vehicles was and is still growing, this is offset by increased
average length of travel, the increase of the fleet, and other variables, such as driving
style, traffic jams etc., which translates into an increase in the intensity of emissions of
GHG. In Romania transport policy aims to align the national transport system con-
tinues to Community Transport Policy principles defined in the Transport White Paper
(with corresponding updates) and the requirements of sustainable development of
Romania [2].

2 The Analyzed Area

For this study it was analyzed the urban ftransportation system from Brasov
Metropolitan Area The study was made for the transportation route that connects
Brasov city and Sicele city.

The city of Sacele is located in the south-eastern county of Brasov. the historic
region of Bérsa, on the river Tarlung. Being located to the southeast of the Brasov city,
Sicele 1s one of |8 municipalities that are part of Brasov Metropolitan Area (as we can
see in Fig. 1). The road connections with these areas are insured by the national road

network (DN1 and DN1A) and county roads (DJ 103A, 103B, 102I).

— L
- 2 ]
Ghimbav
m
&
Cringian:
o

Fig. 1. The analyzed area - Brasov city and Sacele city (Soumce: Google Maps)
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Statistical data for Sacele city:

- The city area is 32,000 ha.

- Population: 32 185 inhabitants.

- Population density: 122 inhabitants/square km.

Sécele city, the second highest city of Brasov Metropolitan Area in terms of
population, is also the only city after Brasov that have his own public passenger road
transportation system [5].

3 Energy Consumption and CO, Mitigation Model for Sacele

3.1 Mathematical Model for Sicele Transportation System

For Sacele city it was made a prediction model in order to the decrease the energy

consumption and the CO, amount resulted from road transportation. For this study

ware considered four optimization measures: vehicle fleet renewal; increasing the

average travel speed; making bicycle lanes; and students mobility management.
There were calculated the proportions of decrease for the following:

— Final energy consumption [MWh].
— Total CO, Emissions / CO; equivalent [6].

For this study we start from initial data: Sicele vehicle fleet composition during
2008-2013; values expressed in tones of CO5 produced in the 2008-2012 period.

There were grouped the Sicele traffic volumes data for period 2009-2013 in order
to predict the traffic values for the 2014-2020 period. There results values for Sicele
Heet evolution for all vehicle categories for 2014-2020 period.

Using existing data on vehicle fleet, the total energy consumption and CO» emis-
sions for Sacele in the 2008-2013 period and the resulting approximating fleet evo-
lution data during 2014-2020 we can calculate the total energy and CO, emissions for
2014-2020 period.

Following the mathematical modeling results the dependence of total energy
consumption and amount of emitted CO, over the vehicle fleet evolution. Two equa-
tions are described by polynomial second degree regression curves (also in Fig. 2):

Xiuergy = 52,822 - VZ — 145,17 - Vg + 22493 (1)

Where: Xgqery 18 the approximate amount of the total energy consumed, and Vi is
the number of etalon vehicles. For this function, the standard deviation (RZ) is 0.9743.

Xco» = 14,897 - V7 — 61,213 - Ve +5725,3 (2)

Where: Xeg; is the approximate amount of CO, emitted, and Vg is the number of
etalon vehicles. For this function, the standard deviation (R?) is 0.9601 (also in Fig. 3).

In order to decrease energy consumption and CO, emission values it is necessary to
implement the tollowing measures: vehicle fleet renewal; increasing the average travel
speed: making bicycle lanes; students mobility management.
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These measures can be grouped into measures that will have direct results in the
reduction of fuel consumption and measures that will have a direct impact over the
traffic lows in the urban area of Sacele.

The standard emissions factors applied in this study are:

— 0.249 [tones CO» / MWh] - for spark ignition engines:
— 0.267 [tones CO5 / MWh] - for compression ignition engines;
— 0.000 [tones CO, / MWh] - for biofuels.

For the transportation sector, data for each fuel and vehicle were calculated using
the formula:

Xf IsedFuel = D- Cﬂwrﬂgr ¥ |-.3"

Where: X arua - Energy consumption for road transportation [kWh]; D - route
distance [km]: C,erage - average fuel consumption [liters/km]; Y - conversion factor for

cach fuel [kWh/liters]. Y = 9.2 for gasoline and Y = 10 for Diesel.

3.2 Vehide Fleet Renewal

This measure may be applied to the municipal and local public wansport fleet. The
propused solutions are based on actions for greening public transportation system
between Sacele and Brasov.

Using the data on the number of municipal vehicles fleet, public transportation
Sicele Heet and from related fuel consumptions, the following measures are proposed:

— Fleet renewal for municipal fleet and public transportation fleet will lead to a
consumption decrease from [1.25 L/100 km to 7 L/100 km for light vehicles and
from 27 L/100 km to 24 L/100 km for buses.

— By reevaluating and improving the wansportation system management and fuel
consumption monitoring the fuel consumption can be redused by 5 %. If this
scenario is adopted, will result a reduction in fuel consumption of municipal fleet
from 11.25 L/100 km to 10.69 L/100 km, and for local public transportation fleet
from 27 L/100 km to 25.65 L/100 km.

— Replacing 50 % of public transportation fleet with green vehicles (using 100 %
biofuel or electnic buses).

After applying these measures will have a reduction: 627.95 [MWh] and 540.71
[tones COs|.

3.3 Increasing the Average Travel Speed

The level of service of the road network (expressed as average travel speeds) is gen-
erally low. Average travel speeds are 66 km/h for the national road network, 34 % less
than the target of 100 km/h. Similarly, the average speed of traffic in urban areas is
between 15 km/h and 40 km/h.
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Measurements on test cycles that are close to actual traffic conditions showed a
slight influence of travel speed limits over the pollutant emissions. In general, the
lowers speeds increase pollutant emissions, but due to turbulence generated behind the
vehicle quickly dispersed into the atmosphere pollutants are avoiding their local
concentration.

In the case of the Municipality of Sacele was made a dependency calculating
average fuel consumption in function of average speed of the vehicles. It has been
determined fuel consumption equation depending on the vehicle speed. The graphical
representation is given by Fig. 4 [3].

[t has been determined that the rate of decrease of the fuel consumption with the
increase of average speed of vehicle travel is 7.35 % for a speed increase from 35 to
40 kmvh and 13.45 % for a speed increase from 35 to 45 knvh.

[t was established an average speed for Sacele by making measurements at peak
morning and evening hours. The analyzed route was from Brasov Boulevard to George
Moroianu Avenue, in both directions, from 8.00-9.00 and 17.00-18.00.

[t results that an increasing of average travel speed (on 7.8 km route) from 35 km/h
to 45 km/h will result a decrease in fuel consumption of 13.45 %. Thus we have a

reduction: 3106.33 [MWh] and 785.59 [tones CO,].

Fuel consumtion in function of vehicle speed

23 y=0001Sx - 0.2506x + 1374

Lal R =1
10

6 4
5 4
4 T T T T T T T T T T d

10 20 30 40 50 60 70 80 90 100 110 120
Average vehicle speed [kmn)

Fuel consumption
{11 00km]
(-]

Fig. 4. Fuel consumption equation depending on the vehicle speed (Source: [3] Mitran Gabriela,
a.a, A model for determining the average speed of light duty vehicles i urban trathic m terms of
minimum pollution and fuel consumption)

34  Bicycle Lanes for Sacele

Cycling has a major role in the metropolitan urban transport. It helps reduce conges-
tions, local air pollution and emissions of greenhouse gases. About 20 % of car
Journeys are less than 3 km, a distance that can be traveled easily by bike in less than
15 min. If people choose to make some of those trips by bike, we could have a
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considerable impact on local congestion and road pollution. The study is based on
approximate traffic volumes decrease by creating bicycle tracks in Sacele. According to
the analyzed data in this study for cyclists routes, resulted a decrease of 7.8 % road
traffic volumes after the construction of a bicycle lane in Sacele. After applying this
percentage reduction for total vehicle we have a reduction of: 2455.28 [MWh] and
651.86 [tones CO,]| [4].

3.5 Students Mobility Management

The target group of this study are students in primary and secondary schools. If they
would use much often the public transportation (existing system or special routes),
from the approximately 8,000 etalon vehicles of Sicele fleet, we will have about 1000
etalon vehicles less in the first year of implementation at peak moming and evening
rush hours. Itis anticipated that for each year the number of vehicles will be reduced by
500 cars. After applying this reduction we will have a reduction in energy consumption
and CO, emissions: 570.63 [MWh] and 178.07 [tones CO,].

4 Conclusions

For this study were analyzed four measures that can be adopted in order reduce energy
consumption and CO, emissions: vehicle fleet renewal; increasing the average travel
speed; making bicycle lanes; and students mobility management. The most effective
measure, increasing average travel speed of 7.8 km route from about 35 km/h to
45 km/h will result in a decrease in fuel consumption of 13.45 % and a decrease in

Energy consumption and CO2 emissions evolution If a bicycle track
is made from 2016
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Fig. 5. The evolution of energy consumption and CO, production by building a hicycle track
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Energy consumption and CO2 emissions evolution ifwe apply
students mobility management program
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Fig. 6. The evolution of energy consumption and CO- production if is applicd students mobility
management program

energy consumption and CO, emissions by 13.50 %. Making bicycle lanes will lead to
lower energy consumption and CO- emissions by 11 %.

In Fig. 5 is presented the evolution of energy consumption and CO, production by
building a bicycle track. Municipal and public transportation fleet renewal, fuel con-
sumption monitoring program and replacement of 50 % of a fleet of public transport
vehicles with green vehicles will lead to a 3 % lower energy consumption and 9.3 %
less CO; emissions. Mobility management program for students in Sacele will lead to a
decrease in energy consumption and CO, emissions by 3 %. Figure 6 shows the
evolution of energy consumption and CO, production by smdents mobility manage-
ment program.
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Abstract. In this paper the authors present the electronic control systems used
to manage the driving performances and optimize the energy supply for E-Smart
electric vehicle. E-Smart is an electric vehicle obtained through conversion. of a
Smart ForTwo City vehicle, [rom the intlernal combustion propulsion system (o
a system that uses a three-phase asynchronous motor. The requirement of the
electric vehicle entire control system is to have a controller able to accomplish
the submission tasks from the driver.

Keywords: Electric vehicle - Curtis controller + Sensor

1 Introduction

Referring to electric vehicles, the global automotive industry 1s undergoing a significant
transformation. Electric vehicles are an emerging technology that manufacturers are
increasingly tuming towards. Increasingly more vehicle manufacturers are at various
different stages of electric vehicle development and commitment. The environmental
benefit of electric vehicles over fossil f