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 In the last 5 years, several projects have been initiated in 
Sarajevo Canton that are focused on strengthening the identity 
of the city, promoting and implementing the concept of urban 
mobility, green and smart city. The issue of energy efficiency is 
included in all projects and from that aspect, among other 
things, the improvement of the public city passenger transport 
service is observed. This paper analyzes the state of public 
urban transport from the energy aspect, the savings that are 
achieved, the methodology for calculating savings and the 
effects that would be achieved through the implementation of 
planned projects for the development and reorganization of 
public urban passenger transport. 

 

1. INTRODUCTION 

Projects in the last 5 years in Sarajevo Canton are aimed at strengthening the identity 
of the city with the concept of urban mobility, green and smart city. To achieve this 
goal, a green economy transition approach is essential, involving the construction of 
low-carbon and resilient economies, and includes three categories of projects, 
reducing greenhouse gas emissions, increasing resilience to climate change and
other environmental benefits (including improving resource efficiency, reducing local 
pollution, improving resilience and ecosystem restoration.



372

There are several transport systems on the network of lines in Sarajevo Canton that 
use different energy resources [1]. A significant number of vehicles have diesel 
engines. 

Reliance on public urban transport, in the concept of urban mobility, is inevitable, so 
the issue of energy efficiency (EE) is very topical in the process of improving the 
public urban passenger transport service [4]. 

Given the fact that the state of the vehicle fleet changes over time, that new projects 
seek to propose more energy efficient systems and that for each city energy 
management is imperative, it is necessary to know the methodology for determining 
the savings achieved by specific measures and effects to be achieved. realization of 
planned projects of development and reorganization of public city passenger 
transport [2, 6]. In addition to the above, it is necessary to build a system for 
monitoring and verification of energy savings (SMiV) that contains Internet 
applications [3, 10]. 

 

2. RECENT AND EXISTING ACTIVITIES RELATING TO THE PUBLIC 
URBAN PASSENGER TRANSPORT SECTOR IN SARAJEVO CANTON 

Existing and recent activities related to the public transport sector in Sarajevo energy 
efficiency: 

-  

- Green Cantonal Action Plan for Sarajevo (2019) 

- Development of Sarajevo public transport and Sarajevo city roads, technical, 
economic, environmental and social analysis (2019-2020) 

- Main project for overhaul of tram line (2018-2020) 

- Sustainable Urban Mobility Plan ("SUMP") (published in September 2020). 

2021 and 2025 in order to achieve, inter alia, the following goal: reduce CO2 
emissions by 12% (or 57,505 tons of CO2); increase the share of low-carbon public 
transport vehicles to 60% (currently to 30.7%); increase the number of public 
transport without engines by 200% (from 78 to 234); increase the coverage of the 
public transport system by 10%. 

- 
-

2021 / 2022) 

- Technical and economic analysis for the introduction of an adaptive traffic 
management system along the tram corridor in Sarajevo (2021-2022) 

Current issues and projects related to the energy aspect include the "Study of e-
mobility in Bosnia and Herzegovina" which should assess the short and medium term 
market potential and readiness to introduce electric vehicles (EV) in selected cities, 
as well as the development and design of charging infrastructures in at least three 
selected cities and the installation and use of RES (solar photovoltaic systems) to 
charge electric vehicles on the road along at least one of the busiest highways. The 
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study should include: Market study (macro) and policy; Assessment of investment in 
charging infrastructure; Assessment of potential economic benefits; Market (micro) 
and immediate opportunities of the private and public sector; Impact on the energy 
sector; Stakeholder Awareness Raising and the e-Mobility Plan. 

 

3. METHODOLOGY FOR DETERMINING ENERGY SAVINGS IN PUBLIC 
TRANSPORT OF PASSENGERS 

Energy efficiencies for the transport sector, to which public urban transport also 
belongs, cover energy consumption in passenger and freight road, rail and inland 
waterway transport. To determine energy savings in public transport, it is necessary 
to define energy efficiency indicators and the calculation procedure [1]. 

The European Commission has developed recommendations for two types of 
approaches to data collection and savings budgeting. The top-down approach is 
based on national statistics, and the bottom-up approach is linked to a series of 
equations used to directly calculate energy savings for each implemented project.  

 

3.1. Energy efficiency indicators in public transport 

Energy efficiency indicators for the transport sector cover petrol and diesel 
consumption together. It is also possible to separate the consumption of these two 
fuels and calculate the indicators separately for each of them, in order to take into 
account the effect of fuel change [6]. Total energy savings in the sector are 
calculated by summing the realized savings by individual types of vehicles and by 
individual forms of transport. This does not take into account the negative savings 
that occur when the indicator in the reporting year is higher than the indicator in the 
reference year [9]. 

The use of preferred energy efficiency indicators gives more accurate results, which 
are closer to the actual technical energy savings. Minimum indicators are likely to 
underestimate savings because they include the impact of non-energy efficiency 
parameters. 

 

3.2. Determining energy savings when replacing existing and procuring 
new vehicles in public transport 

Measure EE, replacement of existing and procurement of new, more efficient 
vehicles (T1), refers to the calculation of energy savings in case of replacement or 
procurement of new vehicles in local government units, government agencies and 
companies. Unit energy savings are defined as the product of the difference between 
the average fuel consumption per unit length (100 km) before and after the 
implementation of the measure in question and the average annual distance traveled 
by the vehicle [11].
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3.2.1. Calculation method 

In this measure, which provides a way to determine the savings when replacing or 
buying new more energy efficient vehicles, two typical cases are distinguished: 

a) Replacing old vehicles with new, more efficient vehicles. 

In this case, the calculation is based on the difference in fuel consumption of old and 
new vehicles, multiplied by the average annual mileage and the number of cars 
replaced. An example of this case is the replacement of old petrol or diesel vehicles 
with new vehicles that use petrol, diesel, LPG, CNG, electricity or hybrid drive. In the 
case of vehicle modifications, the budget is identical. 

b) Procurement of new more energy efficient vehicles. 

In this case, the savings are calculated based on the difference between the unit fuel 
consumption of the reference vehicle and the new vehicle, multiplied by the average 
annual mileage and the number of cars planned for purchase. An example of this 
case is the purchase of new vehicles that use gasoline, diesel, LPG, CNG, electricity 
or hybrid propulsion.  

The calculation of energy savings for both cases is given by the expression: 

  (3) 

Where is: 

 (kWh/year) - Total annual energy savings  

 (l/100 km ili kg/100 km) - Fuel consumption of old vehicles  

 (l/100 km ili kg/100 km) - Fuel consumption of new vehicles 

 (kWh/l ili kWh/kg) - Fuel consumption to energy consumption conversion factor 

of old vehicles 

 (kWh/l ili kWh/kg) - Fuel consumption to energy consumption conversion 

factor of new vehicles  

 (km/god) - The average distance a vehicle travels per year  

 - Number of replaced or new vehicles within the EE project. 

 

3.2.2. Input data 

Taking into account the relation for the calculation of energy savings, it is necessary 
to have information on the average fuel consumption of old and new vehicles, as 
well as their average annual mileage. In the case of purchasing a new more energy 
efficient vehicle, it is necessary to have information about the fuel, as well as its 
average consumption.
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3.2.3. Reference values 

It is recommended to always use the actual consumption values before and after the 
implementation of the measure, but in case of lack of some data it is necessary to 
determine the reference values [11, 9]. 

1. Fuel consumption and conversion factor 

In the case of the analysis of the measure of procurement of new more energy 
efficient vehicles, for values  i  reference values are taken depending on 

the type of vehicle. When purchasing new electric or hybrid vehicles, the data on fuel 
consumption for a petrol car, for  i   respectively.  

  2. The average distance a vehicle travels per year 

Reference values for the average distance traveled by the vehicle during the year 
for Bus is D=54.500 (km/god). 

 

3.2.4. Emission reduction CO2 

The annual reduction of CO2 emissions as a consequence of the implementation of 
the measure of replacement of existing or purchase of new vehicles can be 
determined by the term [5]. 

  (4) 

Where is:  (t/god) - Emission reduction CO2  

 =0,267 (kgCO2/kWh) - Emission factor for fuel consumed by an old vehicle  

(kgCO2/kWh) - Emission factor for fuel consumed by a new vehicle 

 

3.2.5. Lifetime measures 

The lifetime of the measure of replacement or purchase of new more efficient 
vehicles is 8 years (100,000 km). 

 

4. ENERGY SAVINGS, CO2 EMISSIONS AND ENERGY COSTS IN PUBLIC 
PASSENGER TRANSPORT IN SARAJEVO 

Energy efficiency in public urban passenger transport in Sarajevo could be improved 
if diesel vehicles were replaced by Compressed Natural Gas - CNG vehicles. 

The hypothesis was tested using the previously described methodology for the case 
of replacing old vehicles with new, more efficient vehicles in two ways:   

- based on the actual values on the structure of the vehicle fleet of the passenger 
transport company (KJKP GRAS) and fuel consumption for 2020.

- based on reference values.

1. Actual fuel consumption 
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Diesel fuel consumed in 2020. is 1.310.151,71 (litre) 

 =54.500 (km/year) - The average distance a vehicle travels per year 

 (vehicles) Diesel Bus+Minibus replaced or new vehicles  

 =40 (l/100 km) - Fuel consumption of old vehicles - Diesel 

 =36 (kg/100 km) - Fuel consumption of new vehicles- CNG 

(kWh/l)-Fuel consumption to diesel consumption conversion factor 

(kWh/kg)-Fuel consumption to CNG consumption conversion factor 

According to expression (3), the total annual energy savings for 80 vehicles were 
calculated  

 

Savings per vehicle -36.406 . 

2. Fuel consumption reference values 

 =54.500 (km/year) - The average distance a vehicle travels per year 

 (vehicles) - Number of replaced or new vehicles within the EE project 

 =27,2 (l/100 km) - Fuel consumption of old vehicles - Diesel 

 =25,4 (kg/100 km) - Fuel consumption of new vehicles- CNG 

(kWh/l)-Fuel consumption to diesel consumption conversion factor 

(kWh/kg)-Fuel consumption to CNG consumption conversion factor 

Total annual energy savings for 80 vehicles according to expression (3)  

 

Savings per vehicle  -35.427,2 . 

Annual emission reduction CO2 when replacing existing vehicles with new ones it is 
determined via formula (4) for input values: 

 =0,267 (kgCO2/kWh) - Emission factor for diesel fuel 

=0,202 (kgCO2/kWh) - CNG emission factor 

For one vehicle annual emission reduction CO2 is 

 

For 80 vehicles annual is  307,7103 . 

Annual energy procurement costs [7], [8] 

- price of diesel fuel; - price CNG

For one vehicle, the difference in the cost of purchasing energy is

,  where is:

;
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For 80 vehicles annual is . 

Conclusion of the savings analysis: From the energy aspect, the variant of transport 
with diesel vehicles is more favorable, and from the aspect of CO2 emissions and 
energy costs, the variant with CNG fuel is more favorable. 

 

5. CONCLUSION 

Based on the conducted analysis of the benefits of fleet replacement in public 
passenger transport, it can be concluded that energy savings, CO2 emissions and 
energy costs do not have to be on the same side, favorable or unfavorable. 

Special attention should be paid to ensuring that investments are on the path of low 
emissions and environmental impact. For the same transport work of one or more 
vehicles, it is more favorable that there are energy savings when purchasing 
vehicles. Energy costs should not carry the greatest weight when choosing a supplier 
in the procurement process. 

Consultants should take these considerations into account in project preparation and 
gather relevant data in order to select the more favorable option. 

 

REFERENCES  

[1] ude usluga u gradskom prometu 
putnika."  (2011). 

[2] 
Measuring and Improving Energy Efficiency of Axial Tunnel Ventilation. 
Suvremeni Promet - Modern Traffic. 212-221. 

[3] -a u prostornom 
planiranju,   Suvremeni promet, Vol 5-6, pp. 344-350, rujan,2014.Akcioni 
plan za energijsku efikasnost u Bosni i Hercegovini za period 2016 2018., 

novine BiH, broj 40/18 

[4] 
mobility planning process/model upravljanja procesom planiranja urbane 
mobilnosti." EMC REVIEW-  16.2 (2018). 

[5] Ecological Aspects of Optimizing the Movement of Vehicles 
in Road Network Suvremeni Promet-Modern Traffic (2017) 

[6] evozu i komunikacijama 
Faculty of Traffic and Communications, University of Sarajevo (2017).

[7] Mehanovic, Mustafa. "Financing Public Transport Is an Important Dimension 
of Sustainable Urban Mobility: The Model for Determining the Prices of 



378

Passenger Transport Services." Journal Of Advanced Research in 
Engineering& Management (IJAREM) ISSN: 2456-2033. 

[8] 
public transport of passengers." Faculty of Transport and Communication, 
Sarajevo (2005). 

[9] Direktive 2006/32/EZ, 2010/31/EU, 2012/27/EU  

[10] Akcioni plan za energijsku efikasnost u Federaciji Bosne i Hercegovine za 
period 2019-2021  EEAPF,  

[11] Pravilnik o informacionom sistemu energijske efikasnosti FBiH, 2019. 
 


