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Abstract. Consumption of electricity and greenhouse gas production repre-

sents the actual global issues. To reduce energy consumption and the amount of

CO2 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 Săcele city. For
Săcele city it was made a prediction model in order to the decrease the energy

consumption and the CO2 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 fol-

lowing: final energy consumption [MWh] and total CO2 Emissions / CO2

equivalent for each implemented measure.
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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 cutting emission

by at least 30 % by 2050, the level generally 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 % CO2 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
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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 CO2 emissions [2].

In terms of environmental impact, there is a wide range of factors influencing high

level of CO2 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 transportation system from Brasov

Metropolitan Area. The study was made for the transportation route that connects

Brasov city and Săcele city.
The city of Săcele is located in the south-eastern county of Brasov, the historic

region of Bârsa, on the river Tărlung. Being located to the southeast of the Brasov city,
Săcele is one of 18 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).

Fig. 1. The analyzed area - Brasov city and Săcele city (Source: Google Maps)
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Statistical data for Săcele city:
- The city area is 32,000 ha.

- Population: 32 185 inhabitants.

- Population density: 122 inhabitants/square km.

Săcele 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 CO2Mitigation Model for Săcele

3.1 Mathematical Model for Săcele Transportation System

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

consumption and the CO2 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 CO2 Emissions / CO2 equivalent [6].

For this study we start from initial data: Săcele vehicle fleet composition during

2008–2013; values expressed in tones of CO2 produced in the 2008–2012 period.

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

Using existing data on vehicle fleet, the total energy consumption and CO2 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 CO2 emissions for

2014–2020 period.

Following the mathematical modeling results the dependence of total energy

consumption and amount of emitted CO2 over the vehicle fleet evolution. Two equa-

tions are described by polynomial second degree regression curves (also in Fig. 2):

XEnergy ¼ 52; 822  V2
E " 145; 17  VE þ 22493 ð1Þ

Where: XEnergy is the approximate amount of the total energy consumed, and VE is

the number of etalon vehicles. For this function, the standard deviation (R2) is 0.9743.

XCO2 ¼ 14; 897  V2
E " 61; 213  VE þ 5725; 3 ð2Þ

Where: XCO2 is the approximate amount of CO2 emitted, and VE is the number of

etalon vehicles. For this function, the standard deviation (R2) is 0.9601 (also in Fig. 3).

In order to decrease energy consumption and CO2 emission values it is necessary to

implement the following measures: vehicle fleet renewal; increasing the average travel

speed; making bicycle lanes; students mobility management.
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Energy consumption without any applied measures
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Fig. 2. Energy consumption prevision for 2020 without any transportation applied measures

CO2 production without any applied measures
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R2 = 0,9601

4000

4500

5000

5500

6000

6500

7000

7500

8000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Year 1-13 from 2008 in 2020

C
O
2
 [
to
n
e
s
]

Fig. 3. CO2 resulted from transportation activities prevision for 2020 without any applied

measures
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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 flows in the urban area of Săcele.
The standard emissions factors applied in this study are:

– 0.249 [tones CO2 / MWh] - for spark ignition engines;

– 0.267 [tones CO2 / MWh] - for compression ignition engines;

– 0.000 [tones CO2 / MWh] - for biofuels.

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

the formula:

XUsedFuel ¼ D  Caverage  Y ð3Þ

Where: XUsedFuel - Energy consumption for road transportation [kWh]; D - route

distance [km]; Caverage - average fuel consumption [liters/km]; Y - conversion factor for

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

3.2 Vehicle Fleet Renewal

This measure may be applied to the municipal and local public transport fleet. The

proposed solutions are based on actions for greening public transportation system

between Săcele and Brasov.

Using the data on the number of municipal vehicles fleet, public transportation

Săcele fleet 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 11.25 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 transportation 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 electric buses).

After applying these measures will have a reduction: 627.95 [MWh] and 540.71

[tones CO2].

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 Săcele 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].

It 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 km/h and 13.45 % for a speed increase from 35 to 45 km/h.

It was established an average speed for Săcele 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.

It 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 CO2].

3.4 Bicycle Lanes for Săcele

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

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 in urban traffic in terms of

minimum pollution and fuel consumption)
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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 Săcele. 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 Săcele. After applying this

percentage reduction for total vehicle we have a reduction of: 2455.28 [MWh] and

651.86 [tones CO2] [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 Săcele fleet, we will have about 1000
etalon vehicles less in the first year of implementation at peak morning and evening

rush hours. It is 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 CO2 emissions: 570.63 [MWh] and 178.07 [tones CO2].

4 Conclusions

For this study were analyzed four measures that can be adopted in order reduce energy

consumption and CO2 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

Fig. 5. The evolution of energy consumption and CO2 production by building a bicycle track
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energy consumption and CO2 emissions by 13.50 %. Making bicycle lanes will lead to

lower energy consumption and CO2 emissions by 11 %.

In Fig. 5 is presented the evolution of energy consumption and CO2 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 CO2 emissions. Mobility management program for students in Săcele will lead to a
decrease in energy consumption and CO2 emissions by 3 %. Figure 6 shows the

evolution of energy consumption and CO2 production by students mobility manage-

ment program.
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