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Introduction / Explanation
REDASP received the official confirmation of the approval of “Improvement of Deliverables T1.2 and T1.3”
from JS in the end of May 2019.
We have consolidated in the tender procedure D T1.2.1 - Local Electromobility Analysis and D T1.3.1 –
"Small-Scale Infrastructure Network“ Action Plan into one study „Electromobility Analysis and Infrastructure
Network Action Plan of territory of Serbia”. In the june 2019 we realized engagement of company for
development of “Electromobility Analysis and Infrastructure Network Action Plan of territory of Serbia”.
The pre‐feasibility study „Local Electromobility Analysis and Infrastructure Network Action Plan of territory of
Serbia“ is a comprehensive and complex document. This document will specifically highlight the part related
to “Network Action Plan of territory of Serbia“.
Testing of the Small-Scale Infrastructure Network and EVs was realized on the highway (“A” road network),
regional roads (“B” road network) and city streets. The part of the "supplementary" road network to tourist
destinations was used for testing on regional roads (“B” road network). Routes for testing as well as driving
conditions for testing purposes have been defined in advance in accordance with the “Guidelines to
implement pilot actions and collecting testing data”. Employees of the REDASP drove predefined routes in
the territory region of Sumadija and Pomoravlje and central part of Republic of Serbia.
During the testing phase of the pilot action REDASP used a set of ICT tools to collect, validate and commit
the locally collected data for integration.
After the examination, the complete results were processed and the Local evaluating report on pilot action
was developed.
On the basis of testing results of pilot actions, we will upgrade the "Small-Scale Infrastructure Network"
Action Plan in "Small-Scale Infrastructure Network" Long-Term Strategy for teritory of Republic of Serbia.
"Small-Scale Infrastructure Network" Long-Term Strategy will contribute to the development of tourism in
Serbia.

1. Executive summary
The pre‐feasibility study on the Local Electromobility Analysis and Infrastructure Network Action Plan of
territory of Serbia provides the necessary information and review of activities that are conducted on a local
level with intention to promote e‐mobility within region and to provide enough guidelines for authorities to
lead in line with e‐mobility development.
A charging infrastructure for EVs in Republic of Serbia should operate within the market for electricity. This is
a domain which should be strongly regulated and supported by necessary bylaws. In establishing the
necessary regulations, it is necessary to look for models in countries with developed infrastructure, such as
Germany1.
1 Bundesministerium der Justiz. Energiewirtschaftsgesetz vom 7. Juli 2005 (BGBl. I S. 1970, 3621), das durch Artikel 5 Absatz 1 des
Gesetzes vom 26. Juni 2013 (BGBI. S. 1738) geändert worden ist, 07 2005.
http://www.gesetze‐iminternet.de/bundesrecht/enwg_2005/gesamt.pdf
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Close cooperation within Ministries of Construction, transport and infrastructure; Finance, Mining and energy,
Trade, Tourism, and Telecommunications and Environmental protection is needed.
Technical standards that are important for charging of electric vehicles are adopted by Serbian Institute for
standardization and available for use in English language.
Serbian transport strategy up to 2015 did not threat electrical charged road vehicles, but Ministry for
construction, transport and infrastructure announce new Serbian transport strategy which will include new
programs and measures, hopefully as well as ones for e‐mobility.
Republic of Serbia is at the very beginning in the process of “electrification” of road transport. At this
moment, very few ECVs and HEVs have been registered (598 until July 31, 2019) and their share in 2019 is
insignificant when compared to the total number of registered passenger vehicles (2,029,554 at the end of
2018). Based on conducted forecast calculation till 2030 there will be no more that 7,000 ECVs in Serbia,
with perspective towards 750,000 ECVs by 2050.
Having that in mind, Serbia is at turning point for further e‐mobility development, otherwise will remain on the
side‐line and her role will be reduced just to ensure setting up of charging points on the TEM network2,
where they will be at the service only for transit vehicles and foreign tourists.
The main reason of slow “electrification” of vehicles in Serbia, is not undeveloped infrastructure of chargers
in cities and on the road network. Main reason should be sought in the economic situation in the country (low
GDP per capita), low percent of motorization, but also in the inadequate government policy due to missing
transport strategy devoted to e‐mobility development.
The following are a summary of actions and proposals for measures which could impact the development of
e‐mobility, and they can also be inputs in creating a e‐mobility strategy:
Increase the number of ECVs in public sector fleets. Use of ECVs in public sector will demonstrate
commitment and practicality of ECVs;
Increase the resilience of the rural rapid charger network reliability. Availability of regional rapid charging
infrastructure is viewed as key to encouraging uptake of ECVs in smaller cities.
Provide rapid ECV charging clusters. Clustered charging infrastructure will increase the convenience of
charging for users, particularly in areas of high demand;
Introduce a payment mechanism for charging. Pressure on public sector budgets with increasing ECVs
usage means free charging will not be viable for long.
Charging network must be capable to introduce new technology requirements. New development and
regulations should be enabled to support the adoption and use of future ECVs;
Easy to book and get ECV connections to / from regional entry points such as airports or railway stations;
Electric buses on all lines where possible. Electric buses are able to provide a reliable service for a
number of routes primarily in cities. This could help to reduce emissions, particularly within regional centres;
2

TEM – Trans‐European network for motorways. To ensure seamless connections throughout Europe, including access to markets,
UNECE coordinates work on a Trans‐European network for motorways (TEM) and rail (TER) in Central, Eastern and South‐Eastern
Europe.
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Involve the National tourism organization of Serbia (and local communities) in the e‐mobility projects.
Offering ECV options in the region could be attractive to those visiting the region and help increase their use;
Plan ECV charging infrastructure with upgrades of the electricity grid, maximising local renewable energy
usage. It is clear that with the adoption of ECVs the transport and energy systems will become increasingly
intertwined, so the importance of low‐carbon electricity is a topic that has impacts across all life cycle stages
of ECVs.
Plan ECV open charging infrastructure that enables EV drivers to charge at each charging station and
manages the billing of the charge action towards the driver. It means a shared use of charging infrastructure,
independent of technology, without fiscal and legal obstacles in Serbia as well as in the rest Europe.
From environmental point of view, even 100% electric vehicles are not a zero‐carbon solution, but it is
anticipated that electric vehicles will be a key future component of Europe's mobility system, helping reduce
impacts on climate change and air quality.
ECVs offer important opportunities to reduce GHG emissions and local air pollution and they are a crucial
part of the attempts to drastically reduce transport's emissions.
Since transport in Serbia is, with 12.4% share of CO2 emissions3, second largest sector responsible for GHG
emissions, encouraging more people into ECVs should be one of Government's efforts to tackle climate
change.
The calculation of the required number and timing of the installation of new chargers was made on the basis
of input assumptions about the characteristics of ECVs (which will use the road network), the increase in
their number and the purpose of the trip.
The budget and timing of the investment are designed to meet the minimum assumed energy requirements
of ECVs users, as well as the Republic of Serbia's obligations to TEM.
Electricity and charging services for ECVs are currently free of charge, which is a significant limitation to
expanding the network and involving other stakeholders in investing in this area.
Time plan envisages timely construction of new charging points in order to meet the increase in electricity
demand of main road network users.

3

Second National Communication of the Republic of Serbia under the United Nations Framework Convention on Climate Change,
http://www.klimatskepromene.rs/wp‐content/uploads/2017/09/SNC_eng.pdf
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Procurement schedule for the rapid charger on the “A” road network in the period 2021 ‐ 2030

The realization of anticipated procurements also requires certain financial resources, allocated according to
given time table. Total required amount up to 2029 is 3,800,000 € and was calculated based on adopted
data where total investment required for one rapid charging point (160 kW) would be 100,000 € without VAT.
The speed of further expansion of the charger network in the coming years to other parts of road network
and the involvement of other investors will depend on several factors:
Start of charging the cost of the service for charging and the cost of the electricity taken over by the ECVs;
Speed of "electrification" of the domestic fleet of passenger cars, but also in neighbouring countries (this
refers primarily to Montenegro and Bosnia and Herzegovina).
Extension of the charger network to newly completed motorways that are part of the "A" road network, as
well as to include roads leading to major cities and tourist sites.
Proposed layout of the charger network for 2030 is designed to meet the needs of road users taking into
account the capacity of the existing network and comfort of travel (maximum distances between charging
points).
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Legend
Charging points 2020
South/south‐east to north/north‐west direction
North/north‐west to south/south‐east direction
Charging points 2030
South/south‐east to north/north‐west direction
North/north‐west to south/south‐east direction

Charging points are clustered and located at toll stations to make it more comfortable to customers and
easier for equipment maintenance.
At this stage the supply of ECVs with the required energy in urban areas has been left entirely private and
the Government should not interfere.
The existing distribution network of Electric Power Industry of Serbia (EPS), in this moment, is not a limitation
for the development of e‐mobility in Serbia for the period until 2030. Possible problems may arise if EPS is
not transformed in the next decade to fulfill all three of the previously mentioned requirements, at least partial
decarbonisation (substitution of lignite with renewable energy sources), complete decentralization (inclusion
of different number of energy sources in the distribution network) and necessary digitalization (internet of
things, intelligent electronic devices with integrated information and communication technology…).
However, the infrastructure will have the objective not only of distributing energy, but integrating it into smart
grids, in order to fully exploit the flexibility of electric mobility while allowing the stability of the energy system.
The communication protocols ensures the possibility of switching from charging network without necessarily
replacing all the charging stations or significant programming, including their interoperability and access for
electric grid services. It is intended to exchange information related not only to schedulebased EV charging
and transactions but for operating a charge point including maintenance. Involvement of all recognised
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interested parties through well established communication protocols are necessary for further development
of e‐mobility in Serbia as a part of European e‐mobility network.
ECVs makers across the world face a classic “chicken or egg” problem. Concerned with the range of EVs
and the availability of charging stations, consumers are reluctant to forsake their traditional internal
combustion engine‐powered cars in favor of those powered by batteries.
Cost benefit analysis of ECV rapid charging stations has shown that building and sustaining an adequate
ECV charging network does not require massive investments.
On the other hand, the profitability of a single charging station and whole network can be achieved with a
moderate number of ECVs, but with some restrictions on the amount of mark‐up value per kWh.
Cost benefit analysis has shown that average network utilization should not be lower than 50% of the
chargers capacity, as this would jeopardize the profitability of the Project. For a mark‐up value of € 0.054 /
kWh the IRR of the whole project will be equal to the adopted discount rate (6%) and NPV equal to zero. The
lower mark‐up value would make the Project unprofitable.

D T2.4.2 – "Small-Scale Infrastructure Network" Long-Term Strategy
Final

Version 0.1
9 of 48

2. Time plan
The future development of e mobility can be divided into several segments, and the first segment is about
creating the conditions that domestic and foreign ECVs can comfortably use the "A" network of motorways in
the Republic of Serbia.
To do this, it was necessary to provide forecasts of the number of foreign and domestic ECVs on the
mentioned road network and their energy needs. In the chapter entitled “Transport demand and supply
analysis” the current and future traffic of ECVs and electricity demand in the period 2020-2030 traffic were
analyzed.
Also, the present schedule of the chargers was analyzed with recommendations made for the macro
locations of future charger points. The calculation was made for each of the observed years separately,
taking into account that the procedure for their procurement and installation should be carried out in the
previous year. When calculating the required number of charging points, it was assumed that it would be fast
DC chargers providing 50 kW (125A) and rapid DC with 160 kW (375 A), use either the CHAdeMO, CCS оr
Type 2 charging standards. These are the most common type of fast and rapid ECVs chargers currently,
having been the standard for the best part of a next decade. Connectors typically charge a ECV to 80% in
20-40 minutes depending on battery capacity and starting state of charge. The average daily amount of
energy delivered at one charging point is assumed to be 800 kWh for fast chargers and 2,560 kWh for rapid
chargers.
All of the above has been resolved in accordance with the policy of the Serbian Government to develop a
network of electric chargers on the “A” road network. The beginning was several years ago when PE “Roads
of Serbia” installed 5 fast chargers on the so-called "Corridor 10". The next step, according to the statement
of the Minister responsible for road infrastructure, should be the Strategy for the development of the chargers
network, the inclusion of new technologies in the procurement of new chargers and subsidies for the
purchase of electric vehicles for public fleets and private customers.

2.1. Roadmap for charger infrastructure development for ECVs
Table shows the demand for new charger points, according to the criterion of energy required, in both
directions on individual segments of the “A” road network from 2020 to 2030. For new chargers it is assumed
that all newly built chargers will be of the rapid DC type (160 kW).
The calculations showed that 12 rapid DC chargers (160 kW) would be required in 2020 to meet the energy
demand of ECVs in the year 2021. Since some parts of the network already have chargers at 50 kWh, the
Roadmap has been somewhat adjusted so that the procurement of new chargers is postponed by one year
or 2021. This is done on those sections where fast chargers already exist. Also, the procurement of another
rapid charger for direction Belgrade - Vatin was postponed for 2026.
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Table: Overview of new ECVs chargers to be built on individual segments of the “A” road network from 2020
to 2030
Start
End
2020
Horgoš Novi Sad
0
Novi Sad Horgoš
1
Novi Sad Belgrade
1
Belgrade Novi Sad
0
Batrovci Belgrade
0
Belgrade Batrovci
1
Vatin Belgrade
1
Belgrade Vatin
0
Belgrade
Niš
0
Niš
Belgrade
0
Niš
Preševo
1
Preševo
Niš
0
Niš
Gradina
1
Gradina
Niš
0
Total per year
6

2021
1
0
0
1
1
0
0
0
0
0
0
1
0
1
5

2022
0
0
0
0
0
0
0
0
1
1
0
0
0
0
2

2023
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2024
0
0
0
0
0
0
0
0
1
1
0
0
0
0
2

2025
0
1
0
0
0
0
0
0
1
1
0
0
0
0
3

2026
1
0
0
0
0
0
0
1
0
1
0
1
0
0
4

2027
0
0
0
0
1
1
0
0
1
0
1
0
0
0
4

2028
0
0
1
1
0
0
0
0
1
1
0
0
1
1
6

2029
1
1
0
0
0
0
0
0
1
2
0
1
0
0
6

With the aforementioned correction, a somewhat more even distribution of purchases of new rapid chargers
was obtained.

Figure: Procurement schedule for the rapid charger on the “A” road network in the period 2021 - 2030
The total number of charging points for ECVs at the beginning of 2020 will be 10. Seven fast chargers (50
kW) have been installed in previous years, and three rapid chargers (160 kW) should be installed by early
2020. PE “Roads of Serbia” has decided to only purchase rapid chargers in the future. In accordance with
table and figure where the Roadmap of network development is shown, the number of rapid chargers will
reach the next figure. The number of fast chargers, owned by Roads of Serbia, will remain at the 5 already
installed.
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Figure: Increase in the number of rapid chargers on the “A” road network in the period 2021 – 2030
The construction of new chargers would provide minimum requirements for future traffic of ECVs on the “A”
road network in the Republic of Serbia. The preceding table and diagrams refer only to the investments of
the Government, i.e. PE “Roads of Serbia” and represent, in a way, the fulfillment of the Republic of Serbia's
obligation to TEM. The speed of expansion of the charger network in the coming years to other parts of road
network and the involvement of other investors will depend on several factors:
− Start of charging the cost of the service for charging and the cost of the electricity taken over by the ECVs;
− Speed of "electrification" of the domestic fleet of passenger cars, but also in neighbouring countries (this
refers primarily to Montenegro and Bosnia and Herzegovina).
− Extension of the charger network to newly completed highways that are part of the "A" road network, as
well as to include roads leading to major cities and tourist sites.
The supply of ECVs with the required energy in urban areas has been left entirely private and the
Government should not interfere.
The spatial arrangement of new chargers will be discussed in the following sections.

2.2. Preliminary economic calculation of investments
Economic investments in e mobility can be divided into those that would increase mobility on the rural road
network and investments aimed at urban areas. When considering the development of e-mobility in rural
areas, it is necessary to take into account the number of ECVs that use and will use the road network in the
Republic of Serbia.
On the "A" network of roads that coincides with the TEM-T network4, in the next ten years it will be mostly
passengers ECVs with foreign plates. Mostly ECVs with high battery capacity and large range will be
involved. These vehicles will generally transit through Serbia with shorter or longer delays due to vehicle
refueling, rest or entertainment.
4

The Trans-European Motorways (abbreviated "TEM") are a project of the United Nations Economic Commission for Europe of subregional cooperation among Central, Eastern and South Eastern European countries regarding transport infrastructure.
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Domestic ECVs will be included in the traffic on this network in greater numbers only since 2025.The
increase in ECVs traffic will depend mainly on the increase in the number of these vehicles in their home
countries, including Serbia.
In order for traffic to flow normally, it will be necessary for the charger network to increase its capacity, to
increase the density of the charger network, to ensure certainty of charging and to shorten the time required
for charging. This should be made possible by the correct selection of chargers, their timely installation and
“good” placement. Existing and new chargers must be Wi-Fi networked in order to make all necessary
information available to users and network managers.

2.2.1. Input data for preliminary economic calculation
It is assumed that the existing network of chargers for ECVs will be supplemented exclusively by nextgeneration chargers and that they will be rapid chargers that allow recharge of the average new generation
electric vehicle to about 80% full in 30 minutes. Currently, not all vehicles have DC fast charge capability,
and for those that do, they will require one of three specific connections to their respective electric vehicle
(CHAdeMO, CCS and Tesla).
The first step in making a preliminary economic calculation was to prepare input data that should contain the
preliminary Capital (CAPEX) costs for rapid charger of the previously selected features.
CAPEX costs required to set up rapid charging points can be extended to:
− Charger purchase & delivery;
− Installation project management. Related to managing all on-site work including surveys, planning
permission, building warrants, physical works etc.;
− New power connections. Incurred whenever a new power connection from the charger to the local
electricity distribution grid is required. These costs are location-dependent and vary with the power required,
length of the cable run and transformer requirements;
− Site preparation works. All civil and electrical engineering work required to install the charger including
excavation, cabling, plinths, feeder pillars, associated switchgear and metering equipment, bay marking,
signage etc.
− Commissioning. Costs related to delivering electric vehicle supply equipment, from local storage facility to
site, connecting to power, limited communication test, function and safety checks.
The source of the data for the charger's characteristics was the tender documentation of PE "Roads of
Serbia", which, in the open procedure, launched a public procurement for the delivery, installation and
commissioning of three rapid electric car chargers at the Belgrade and Niš toll stations.
For the preliminary economic analysis, it has been adopted from the above tender that the characteristics of
the rapid ECVs charger are as follows:
The rapid electric car charger model is 175 kW DC, which can fully charge an electric car at a voltage of 400
V, continuous with a power of 160 kW DC and 375 A. The design allows the use of CCS and CHAdeMO
protocols. More details about the selected rapid charger can be found on the PE Roads of Serbia website5.
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Multiple sources were used to estimate CAPEX costs:
- The public procurement of PE “Roads of Serbia” in which the estimated value for the delivery,
installation and commissioning of a rapid electric charger was 10,000,000 RSD, which is approximately
84,000 € according to the middle rate RSD to €6;
− EVSE (Supplier and Installer of Universal Electric Vehicle Chargers) cite7 where the following
information are given: Hardware costs for a Public DC electric vehicle charging station are very expensive
ranging from between $40,000-$100,000 per charging station. In addition to high hardware costs, installation
can also be very expensive given the frequent need to install a 480 V transformer, upgrade the electrical
supply as well as the permitting and increased labour time needed for the project. Installation costs would
likely range from between $15,000-$60,000 depending on the specific nature of the project. This gives a very
wide range of capital costs for mounting a rapid charger without any accessories from $55,000 (50,000 €) to
$160,000 (145,000 €). Next Figure shows that the total investment for setting up a rapid charging point is
about $59,000 (or 54,000€).

Figure: The capital cost structure for the average rapid charger7
A large portion of this investment would be spent on charge station hardware ($23,000 or 21,000 €) and a
480 V transformer ($18,000 or 16,000 €).The third largest expense is the labour required to set up a
charging point, which is about $12,000 or 11,000€). Other costs that include permitting, mobilization,
electrician labour, electrician material and other materials are together about $6,000 or 5,500 €.

5

https://www.putevi-srbije.rs/images/pdf/nabavke/jn154_2018_adendum_br2.pdf
73For ease of calculation, it was adopted that 1 euro is the same as 120 RSD.
7
https://evse.com.au/blog/evchargercost/
6
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- The Report of U.S. Department of Energy’s (DOE) Clean Cities program8. This report provides
information about the costs associated with purchasing, installing, and owning non-residential electric vehicle
supply equipment (EVSE). Cost information is compiled from various studies around the country, as well as
input from EVSE owners, manufacturers, installers, and utilities. The cost of a single port EVSE unit ranges
from $10,000-$40,000 for DC fast charging. Installation costs vary greatly from site to site with a ballpark
cost range of $4,000-$51,000 for DC fast charging. The total cost of the investment, according to this source,
ranges widely between $ 14,000 and $ 91,000, or between 1,300 € and 83,000 €;
− The Final Report of Centre for Climate and Energy Solutions9. For the purpose of the project, three
business models were set up and one of them envisaged the installation of 6 DC fast charging stations with a
total setup cost of $ 561,600. That would be about 85,000 € for a 90 kW charging unit. Cost breakdowns
were: equipment installation $26,000 or 23,400 €; host-site identification, analysis and screening ($5000 or
4,500 €; negotiation, legal review and execution of lease 6,000 (5,500 €); utility interconnection $20,000
(18,200 €);
− The working paper 2019 – 1410. This report presents the split costs of purchasing and setting up a rapid
charging unit.
Table: Capital cost of DC rapid charger installation10
Cost type

1 charger per cite 2 chargers per cite 3-5 chargers per cite

Rapid charger (150 kW)
hardware cost
Installation costs
Total investment cost per unit

75,000

75,000

75,000

47,781

28,312

18,577

122,781

113,047

103,312


- The total investment for setting up a rapid charger (150 kW) is $122,781 (112,000 €). Installation costs and
even the total investment are lower if more charging points per cite. For two per cite chargers the individual
investment is $113,047 or 103,000€, and for 3 -5 chargers it is $103,312 or 94,000 €.
The information collected is presented in next table.
Table: Review of the data collected on the investment cost for the delivery, installation and commissioning of
a rapid electric car charger
Resource
Total investment cost per unit, €

1

2

3

4*

5

84,000

54,000

1,330 to 83,000

85,000

112,000

*(90 kW)

8

Smith, M., Castellano, J. (2015) Costs Associated With Non-Residential Electric Vehicle Supply Equipment: Factors to consider in the
implementation of electric vehicle charging stations, U.S. Department of Energy’s (DOE), p 43.
9
Nigro, N., Frades, M (2015) Business Models for Financially Sustainable EV Charging Networks, Centre for Climate and Energy
Solutions, p 124.
10
Nicholas, M. (2019) Estimating electric vehicle charging infrastructure costs across major U.S. metropolitan areas, Working paper
2019 – 14, ICCT: Washington DC, 2019, p 11.
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For the purposes of the Project, it was adopted that the preliminary investment cost for the delivery,
installation and commissioning of a 160 kW electric car charger would be 85,000€. Costs for site preparation,
construction of two parking spaces per charger, construction and erection of roofs, solar panels and furniture,
estimated at 15,000€, should be added here. The total investment required for one rapid charging point (160
kW) would be 100,000 € without VAT.
In one of the earlier sections of the Project, a proposal was made for a procurement plan for rapid chargers
(160 kW) to be set on the "A" road network in the period 2020 - 2030. Based on these data and the adopted
unit cost of installing a single charger, a preliminary economic calculation of investments in charger
infrastructure development for plug-in electric vehicles in the Republic of Serbia was made.
Table: Preliminary economic calculation of investments in charger infrastructure development for plug-in
electric vehicles in the Republic of Serbia
Year
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
Total

New rapid
chargers per
year
6
5
2
0
2
3
4
4
6
6

Annual investment costs of
purchasing and installing of
rapid chargers (160 kW), €
600,000
500,000
200,000
0
200,000
300,000
400,000
400,000
600,000
600,000
3,800,000

Cumulative investment costs
of purchasing and installing of
rapid chargers (160 kW), €
600,000
1,100,000
1,300,000
1,300,000
1,500,000
1,800,000
2,200,000
2,600,000
3,200,000
3,800,000
3,800,000

The total amount that should be invested in developing the charger network over the next 10 years is €
3,800,000.

2.3. Conclusions
The main reason of slow “electrification” of vehicles in Serbia, is not undeveloped infrastructure of chargers
in cities and on the road network. Main reason should be sought in the economic situation in the country (low
GDP per capita), low percent of motorization, but also in the inadequate government policy of renewal of old
vehicles that resulted in that majority of population currently drives used cars below €5,000 value. This
conclusion does not mean that “electrification” in Serbia should be aborted. Instead, ECVs should be, with
initial momentum of expansion of charging network for ECVs, made accessible to at least part of population
of Republic of Serbia. The following are a summary of actions and proposals for measures which would
impact the development of e-mobility in the following ways: by removing barriers to low emission transport,
improving transport links in the region and achieving sustainable economic development:
− Increase the number of ECVs in public sector fleets. Public sector use of ECVs will demonstrate
commitment and practicality of ECVs;
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− Increase the resilience of the rural rapid charger network reliability of access to regional rapid charging
infrastructure is viewed as key to encouraging uptake of ECVs. Addressing communication challenges and
introducing infrastructure has been identified as key mechanisms to address this;
− Provide rapid ECV charging clusters. Clustered charging infrastructure will increase the convenience of
charging for users, particularly in areas of high demand;
− Targeted expansion of the rapid charging network. Ensuring that there is sufficient infrastructure to enable
convenient movement through the region by ECVs is essential to supporting the uptake of ECVs;
− Introduce a payment mechanism for charging. Pressure on public sector budgets and increasing ECV
usage means offering free charging will not be viable for long. It is recommended that local authorities
consider future tariff guidance and their options for introducing payment mechanisms suitable for their local
EV market and maturity level. It is suggested that tariffs are continually reviewed regularly between the EV
stakeholder group and users as the EV market develops;
− Introduce new technology requirements. New development and regulations should be enabled to support
the adoption and use of ECVs;
− Make it easy to book and get ECV connections to / from regional entry points. There are a number of
existing ECV transport options that connect to major rail stations and airports;
− Work to get electric buses on all lines where possible. Electric buses are able to provide a reliable service
for a number of routes primarily in cities. This could help to reduce emissions, particularly within regional
centres;
− Involve The National Tourism Organization of Serbia (and local communities) in the e mobility projects.
Offering ECV options in the region could be attractive to those visiting the region and help increase their use.
Building a Smart Tourism platform that allows the development of personalized trips by ECVs could provide
an attractive tourist product and help local businesses;
− Planning ECV charging infrastructure with upgrades to the electricity grid will help maximize renewable
energy generation and reduce grid upgrade costs.
From environmental point of view, even 100% electric vehicles are not a zero-carbon solution, but it is
anticipated that electric vehicles will be a key future component of Europe's mobility system, helping reduce
impacts on climate change and air quality.
The role of low-carbon electricity sources is important across all life-cycle stages to facilitate achieving the
full GHG reduction potential from the use of BEVs, because although BEVs do not produce the usual
exhaust pipe emissions and even if all of the worlds electricity was from renewable sources, there would still
be an environmental cost. Sourcing the minerals used for batteries, dismantling batteries which have
deteriorated, and building and delivering vehicles to customers worldwide all involve substantial CO2
emissions. It is impossible to break all of the links. A large shift away from motorized vehicles is the only way
to fundamentally reduce transport's contribution to climate change, however hard and politically unpalatable
that may be. It is clear that with the adoption of ECVs the transport and energy systems will become
increasingly intertwined, so the importance of low-carbon electricity is a theme that has impacts across all life
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cycle stages of BEVs. However, BEVs offer important opportunities to reduce GHG emissions and local air
pollution and they are a crucial part of the attempts to drastically reduce transport's emissions. Since
transport in Serbia is, with 12.4% share of CO2 emissions, second largest sector responsible for GHG
emissions, encouraging more people into ECVs should be one of government's efforts to tackle climate
change. The calculation of the required number and timing of the installation of new chargers was made on
the basis of previously assumed assumptions about the characteristics of ECVs (which will use the road
network), the increase in their number and the purpose of the trip. The budget and timing of the investment
are designed to meet the minimum assumed energy requirements of ECVs users, as well as the Republic of
Serbia's obligations to TEM. Charging services for EVs and electricity are currently free of charge, which is a
significant limitation to expanding the network and involving other stakeholders in investing in this area.

3. Planning

drawings

(from

1:50,000

to

1:2,000

scales,

indicatively)
3.1. Charging locations in Republic of Serbia in 2020
The next figure shows the current distribution of AC rapid / DC fast charging points along main Serbian
Corridor X in 1:2,500,000 scale indicatively. Mentioned charging points provides 43 kW AC and 50 kW DC
supply power.
Red color represents charging points available along Corridor X route direction from south/south-east to
north/north-west of Serbia.
Blue color represents charging points available along Corridor X route direction from north/north-west to
south/south-east of Serbia.
In 2020 Serbia will have 9 nine locations equipped with Type 2, CCS/SAE and CHAdeMO charging plugs.
The total number of charging points for ECVs at the beginning of 2020 will be 10. Seven AC fast chargers
(50 kW) have been installed in previous years, and three DC rapid chargers (160 kW) should be installed by
early 2020. PE “Roads of Serbia” has decided to purchase only DC rapid chargers in the future.
Locations are mostly connected to Toll stations (Subotica Jug, Adaševci, Bubanj Potok, Vrčin, Niš,
Dimitrovgrad and Preševo) with two charging points at NIS Gasprom petrol stations (Stari Banovci and
Velika Plana).
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Legend
Charging points 2020
South/south‐east to north/north‐west direction
North/north‐west to south/south‐east direction

Figure: Distribution of rapid charging points
along main Serbian corridor X in 2020

3.2. Possible charging locations in Republic of Serbia in 2030
The future development of e mobility can be divided into several segments, and the first one is comfortable
use of the "A" network of motorways in the Republic of Serbia.
Forecasts of the number of foreign and domestic ECVs on the mentioned road network and their energy
needs were analyzed within Section 4.2.2.1 “Transport demand and supply analysis” for the period 20202030. When calculating the required number of charging points, it was assumed that it would be fast DC
chargers providing 50 kW (125A) and fast DC with 160 kW (375 A), using either the CHAdeMO, CCS оr Type
2 charging standards. All of the above has been resolved in accordance with the policy of the Serbian
Government to develop a network of electric chargers on the “A” road network. Proposed charging locations
for 2030 in Republic of Serbia are given in next table and next figure.
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Table: Possible charging locations in Republic of Serbia in 2030
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Location

Direction to
50 kW 160 kW
Novi Sad
1
1
TS Subotica Sever
Horgoš
1
Beograd
2
TS Novi Sad
Horgoš
2
Beograd
2
TS Stara Pazova
Novi Sad
2
NIS Stari Banovci
Novi Sad
1
TS Adaševci
Beograd
1
Beograd
2
TS Šimanovci
Batrovci
2
Vatin
1
NIS Vršac
Beograd
1
Former TS Bubanj Potok
Niš
1
Niš
2
TS Beograd - Vrčin
Beograd
4
NIS Velika Plana
Niš
1
Niš
2
TS Pojate
Beograd
3
Preševo - Gradina
2
TS Niš
Beograd
3
Preševo
1
TS Doljevac
Niš
1
Macedonia
1
TS Preševo
Niš
1
2
Bulgaria
2
TS Dimitrovgrad
Niš
1
2

Total
2
3
1
2
4
2
2
4
2
1
1
1
1
2
4
2
1
2
1
1
1
2
6
4
1
1
2
5
3
2
5
3
1
2
1
1
4
3
2
5
3

Next figure shows the possible distribution of AC rapid / DC fast charging points along main Serbian Corridor
X in 1:2,500,000 scale indicatively. Mentioned charging points will provide 43 kW AC, 50 kW DC and 160 kW
DC supply of power.
Locations are mostly connected to Toll stations with two charging points at NIS Gasprom petrol stations
(Stari Banovci and Velika Plana).
Total number of locations is 15, while total number of charging points is 48.
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Legend
Charging points 2020
South/south‐east to north/north‐west direction
North/north‐west to south/south‐east direction
Charging points 2030
South/south‐east to north/north‐west direction
North/north‐west to south/south‐east direction

Figure: Possible allocation of rapid charging
points along main Serbian corridor X in 2030

Following figures are showing location maps in 1:2000 scale indicatively, with purpose to better present
proposed macro allocation of foreseen charging points, especially at locations that are not currently in use.

Toll station Niš
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Toll station Pojate

Toll station Pojate

Toll station Stara Pazova

Toll station Belgrade - Vrčin

3.2.1. Design guidelines for ECVs site layout and supply equipment
Charging stations are the point of connection to the electrical grid for electric vehicles (EVs), and the point of
power for EV drivers. With the anticipated growth of EVs as a widespread transportation choice, the
incorporation of electric vehicle supply equipment (EVSE) will become a critical element of city and town
planning and designing from a master plan for site‐specific installation.
There are many possible arrangements and designs for EVSE installations, depending on the parking area
layout, availability of power, and other site considerations. General EVSE site plan considerations include:
Power availability (240V for Level 2, 3 phase for DC fast charging)
Level parking surface, preferably paved so EVSE spaces can be marked
Lit, visible area to address security concerns
Accessibility for disabled users
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Barriers or mounting options to protect EVSE equipment from vehicles
Signs and pavement markings to designate sites and restrict their use
Every site is unique and installation of EVSE will depend on a number of considerations, including: proximity
to power supply, parking space size and orientation, pedestrian traffic, lighting and visibility. Many of these
considerations are not yet standardized in terms of functionality, and others fall outside the realm of the
standards and codes system, such as aesthetics.
Selecting a site for EVSE installation will likely require consideration of a combination of factors.
When installing EVSE a dedicated circuit may be required or optimal. This can be added to an existing panel,
or planned for in new construction.
Most public EVSE contain an advanced metering system and link to a network that tracks usage, bills
customers and manages electrical loads. Some EVSE will connect to telecommunications networks using
Wi‐Fi, IoT or cellular connections.
Construction costs are the number one driver of added expense for EVSE, and the cost differential depends
on the work required. Existing elements such as landscaping, walkways, curb cuts and other structural
elements should be considered in an EVSE site plan. These elements add costs for removal or relocation, in
addition to acting as barriers to accessible charging.
Every charging station design will offer a different set of issues. The design templates shown below provide
examples that can be adapted to address a range of physical conditions.
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More than typical space is required in order

The ground surface should be firm, level, and have a slope

to ensure safe and easy movement around

no more than 2% in any direction11.

the charging station11.

Figure: Standard EV parking space
considerations

11

Figure: Standard EV parking space considerations for
wheelchair accessibility

Sitting and design guidelines for electric vehicle supply equipment, 2012
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Standardization in this area is an ongoing
issue for DC fast charging. Almost all current
DC fast charge EVSE in the EU use the
CHAdeMO connector, developed in Japan
and used by Japanese EVs like the Nissan
LEAF and Mitsubishi iMiEV, allows vehicles to
connect to DC fast chargers.

Figure: EVSE clearance dimensions
The recommended

clearance width and

height for EVSE are given by NFPA, 2008
edition12.

The majority of workplace and public EV charging will be located in parking lots with perpendicular parking
for employees, visitors and customers. Nex figure below is an example of a wall mounted installation, which
is typically the most cost effective means of providing charging equipment if the parking area configuration
allows for this. Installation costs are reduced by eliminating pedestal mounts and by allowing shorter conduit
runs along building walls. The parking configuration shows typical parking stall dimensions of 2.75 m wide by
5.5 m long. A 1.5 m wide aisle between accessible spaces provides room for disabled users to maneuver. As
shown by the cord reach area, this configuration can serve several parking spaces by allowing drivers to
park in the appropriate spaces or back in as necessary to provide access to the vehicle charging port.

Figure: Wall Mounted EVSE Example Site Plan Diagram13
12
13

NFPA National electrical code 2008 edition
Electric Vehicle Charging Station Guidebook Planning for Installation and Operation, 2014
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The next figure below shows an example layout of EV charging centrally located between parking aisles with
the same typical parking stall dimensions of 2.75 m wide by 5.5 m long. This configuration can serve several
parking spaces depending on the length of the charging cord. Charging port locations for several vehicles
are shown on the same figure.
Many suitable locations for EV charging may be located along highway rights‐of‐way where parallel parking
exists or could be added. A number of regions have installed curb side EVSE in these locations, however
this layout is not recommended if other viable options exist since it is difficult to configure in a way that allows
the cord to access multiple spaces, the charging inlet ports on the vehicles may be difficult to reach, highway
maintenance work may damage the equipment and the cords may be more difficult to configure for save
pedestrian access. If parallel parking EV charging is the only choice, then the guidebook references above
provide more information on specific considerations at these locations.

Figure: Perpendicular Parking Lot Site Plan Example13
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3.3. Economic report (preliminary cost-benefit analysis and business
model hypothesis)
In this chapter the economics of EV infrastructure will be considered. First, the general frame conditions and
possible business models will be discussed, and then calculations will be done for a selection of specific
business models.

3.3.1. Frame conditions for the economics of EV infrastructure
An economic aspect of EV charging infrastructure (EVCI) use of a road by a person does not limit its use to
other persons. But if too many people use a road negative impacts occur in the form of congestion. An EV
charging infrastructure that allows anyone to freely charge would be a common good. However, most EV
infrastructure systems require authentication and payment. This makes such an infrastructure a very
conventional private good: only one person can use a charging point at a time, and only those are allowed to
access them that pay for the service. This indicates that such a service should not be provided by the state
but by companies alike to gasoline stations in Europe today.
There are many issues that have not yet been resolved in the Republic of Serbia, which complicate and limit
the spread of EVCI and, consequently, the increase in the population of electric cars.
Before starting the formation of a business model for public EV infrastructure, it would be necessary to set
framework conditions for the economics of EV infrastructure that do not exist in Serbia at the moment.
Therefore, we need to make assumptions ourselves based on the interpretations defined in other laws and
regulations.
First is to define the status of the road network on which the EVCI network is to be developed. This status is
defined in the Law on Roads which states "Public and uncategorized roads are goods of general use, are in
public ownership and cannot be acquired or based on real rights, except in cases prescribed by this law.".
This means that the "A" road network is public good.
An EV charging infrastructure that allows anyone to freely charge would be, by the same reason, a common
good. However, most EV infrastructure systems require authentication and payment. This makes such an
infrastructure a very conventional private good: only one person can use a charging point at a time, and only
those are allowed to access them that pay for the service. This indicates that such a service should not be
provided by the state but by private companies alike to petrol stations in Europe today.
Public road networks, as well as electricity, water, and rail networks are examples of natural monopolies. A
charging infrastructure for EVs certainly isn’t. An infrastructure provider mainly has to invest in charging
facilities and their installation. When more charging points are set up, this does not significantly reduce the
average cost per charging point. Only the cost of implementing and operating an infrastructure control
centre, providing a customer hotline and other services, is independent of the number of charging points and
can thus be delivered more cost-effective per charging point for a large number of charging points. If EV
drivers can freely use infrastructure provided by different operators (i.e. roam between different networks), it
makes little difference whether the infrastructure is provided by a monopolist or by several companies. Thus,
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there seems to be no matter whether there is a regulated monopolist to operate a public charging
infrastructure network or there are more companies involved.
In the directive on clean fuels infrastructure of 2014, the EU states that “...the establishment and operation of
recharging points for electric vehicles should be developed as a competitive market with open access to all
parties interested in rolling out or operating recharging infrastructures...”. The EU explicitly sees the
possibility for member states to pay public subsidies for the charging infrastructure.
A competitive market is a market that can be easily entered and left by companies. The possibility of new
companies entering the market for short time spans forces the established companies to provide the
manufactured service or product at a competitive price. This is especially relevant in the case of a (natural)
monopoly, where the single provider can dictate the price. The market for public infrastructure for EVs on the
road network should be competitive. Each owner of a parking space can in principle set up a public charging
station at his location.
The situation is somewhat different in cities. The most attractive inner city locations are managed by city
government, car parks, and retail stores. These will tend to make a contract with a single charging station
operator, posing a barrier to market entry for all later competitors. Also, a charging infrastructure operator
cannot easily leave the market, because then high sunk costs occur. The high installation costs for the
stations cannot be recuperated, and the public charging stations cannot easily be put to other uses. This
aspect indicates that if a city decides to install a regional monopolistic charging infrastructure operator, it is
unlikely that this monopoly will be contested by other companies.
A charging infrastructure for EVs must operate within the market for electricity. This is a domain that is
heavily regulated in countries where the EVSI network is already well developed.
In which way EVs charging infrastructure is integrated into the existing electricity market system determines
how it is operated and financed, and which regulations apply. There are several possible organization forms
for public charging infrastructure, three of which will be discussed shortly here:
-

EV infrastructure as part of the distribution network - If charging points are considered as part of the
distribution network, they are installed by the local distribution system operator(s). Their installation is
paid for by network charges. An EV owner has a contract with an electricity provider, and can draw
electricity from his provider at any public charging point. This organization form is implemented by the
national distribution system operator ESB in Ireland;

-

New regulated infrastructure - Charging infrastructure can be seen as a new regulated infrastructure if a
state, province or city grants a concession for the construction and operation of charging infrastructure to
one company. Within the concession contract the grantor can state its requirements, thus regulating the
regional monopolist. The charging infrastructure operator has the guarantee that the concession will not
be granted to further companies. This is the way that public transport is organized in many cities today.
The construction and operation of the infrastructure is then financed by user fees as well as public funds
by the city. These organization forms exist for charging infrastructure in the cities of London in the UK
and Amsterdam in the Netherlands; and
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-

Within a free market - In Germany charging infrastructure is currently being set up under free market
conditions, mainly by big electricity providers and local municipal utilities. In principle the infrastructure
has to refinance itself by user fees alone, though the installation of many charging points has been
subsidized by the state within the German model regions for electric mobility.

Electricity used for charging EVs is loaded with the usual taxes and fees for electricity.
If charging infrastructure operators set up charging points at public parking spaces, they are using public
road space to pursue their own private business. They therefore have to pay a special use fee to do so. The
landowner can refrain from raising such fees if the special use is “predominantly in the public interest”.

3.3.2. Business models for public EV infrastructure
There are different business models that combine the EV charging service with other services. Services
charging the user can pay according to different modalities:
− No fee - the public charging service is provided for free. It is also possible to provide the service for free to
customers (of a store, restaurant, cinema etc.) and have external visitors pay;
− Pay per use - the client pays only when he uses a charging station. This can also be implemented in form
of a prepaid card;
− Basic costs and additional payment per use - the client pays a basic subscription fee and additional fees
for his use. This is a modality which is for instance also common for cell phone contracts;
− Flatrate - the client pays a fixed amount per month/year not depending on actual use.
Effectively, the user pays to have his EV recharged. But the method of measuring the “amount of service”
that a user consumes can vary:
− Paying for charged energy - the user pays for the actual charged energy [kWh] measured by a gauged
meter in the charging station;
− Paying fixed price per charge - the user pays a fixed fee for a limited (according to charged energy or time)
or unlimited charge.
− Paying for charging time - the fee is calculated solely according to charging time. This can for instance be
implemented like a parking meter. The user throws some coins into the charging station, after which he can
use it for a certain amount of time.
− Paying for parking time - the fee is calculated according to the parking time at the charging station, not
dependent on the charged energy. This incites EV drivers to remove their vehicle from the charging station
once the charging process is completed. In this variant it is also possible that conventional cars use the
parking space of the charging station if other parking spaces in the proximity are occupied and they are
willing to pay the higher price.

3.3.3. Evaluating the profitability of selected EV charging infrastructure business
models
Based on the above discussion of possible business models of public EV charging infrastructure, profitability
calculations for selected business models will be performed. In the following analysis, capital and operating
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costs, as well as revenues are considered in order to obtain an overall picture of the economic viability of
public charging infrastructure.
It is assumed that the charging service is provided directly to EV drivers, and that EV drivers specifically pay
for the amount of energy recharged at a charging stations in kWh.
The case deals with the installation and operation of charging points. A total of 38 charger points of 160 kW
(375 A, 400 V, three-phase system) whose design allows the use of CCS and CHAdeMO protocols. The
choice fell on this type of charger as it will be dominant as a solution to supply EVs on road networks in the
UK and Europe in the coming decade (see next figure). Identification is done with an RFID card. The
charging station communicates with the back-end system and users.

Figure: Types of “en route” charge points needed by 203014

The chargers would be deployed, in addition to the existing network, on the "A" road network. Their locations
will be within the toll stations of PE “Roads of Serbia” (36) and 2 at one of the petrol stations near Vršac en
route to Romania. With each charging point, it is planned to arrange two parking spaces, roof with solar
panels to supply the site with electricity and several seats for the driver and passengers while the car is
charging.
Since there are no major differences in CAPEX and OPEX between different stations, it is admissible to
model a single charging station, instead of modeling the entire charging infrastructure on the "A" network of
roads.
Capital expenditure (CAPEX) and operational expenditure (OPEX) are calculated without value added tax
(VAT), while these taxes are included in the revenue (Revenue).
In Serbia the final customer pays the VAT of an additional 20% on the value of a product, making up
20/(100+20) = 16.67% of the final purchase price. Companies deduce the value added taxes they have
already paid to other companies from the value added taxes they have to cede to the State. This transfer of
money is modeled in a simplified way here by using cost components without VAT and deducing the full VAT
of 20% from the final revenues from selling electricity to customers.
For rapid and rapid hubs, utility upgrade costs represent a significant part of the investment. In an analysis of
the 50kW chargers at the Rapid Charge Network stations along the highways, hardware costs ranged
between 50 and 60% of total CAPEX; site preparation ranged from 26 to 31%; and new power connections
and installation 12 to 21%.

14

Deloitte LLP, 2019
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3.3.3.1.

The capital expenditure CAPEX

The capital expenditure (CAPEX) (excluding VAT) has already been discussed in the chapter “Preliminary
Economic Calculation of Investments in Charger Infrastructure Development for Plug-In Electric Vehicles in
the Republic of Serbia". For the purposes of the Project, it was adopted that the preliminary investment cost
for the delivery, installation and commissioning of a 160 kW electric car charger would be 85,000 €. Costs for
site preparation, construction of two parking spaces per charger, construction and erection of roofs, solar
panels and furniture, estimated at 15,000 €, should be added here. The total investment required for one
rapid charging point (160 kW) would be 100,000 € without VAT. The assumed lifetime of the equipment is 10
years, but some of the equipment exposed to corrosion and wear should be replaced earlier (after 7 years).
For the purposes of the project, it was assumed to be € 2,000.

3.3.3.2.

The operational expenditure OPEX

The operational expenditure (OPEX) (without value added taxes) for a charging station is calculated by the
following expression:
OPEX[€/per annum]=r+m+t+c+o+w+(u∙24h/day∙365.25day/per annum∙p∙e),
Where: r - parking space rent [€/per annum]; m - maintenance and repair costs per year [€/per annum]; t telecommunication fees per year [€/per annum]; c - control centre operation costs per year [€/per annum]; u utilization rate of the charging station[%]; p - power of the charging station [kW]; e - electricity costs per kWh
for the charging station operator without VAT [€/kWh].
The values adopted for each type of cost are as follows:
− r - Parking space rent [€ / per annum] = 0. The Project foresees that all charging points will be built within
existing facilities, i.e. on their land, so that this rent does not have to be paid extra;
− m - Maintenance and repair costs per year [€ / per annum]. Two groups of maintenance costs are
assumed:
− m1 - regular maintenance for which 3% of the total cost of the investment should be set aside, in this case
is 3,000 [€ / per annum], and
− m2- emergency maintenance of equipment and locations for which 4% of the total investment costs should
be allocated. In this case, this is 4,000 [€ / per annum];
− o– Overhead [€ / per annum] represents all expenses related to management of charger and user-related
costs: user registration, issuing of RFID cards, provision of online user account capabilities, software
provision amount, upgrades, development etc. All this functionality can be outsourced. It is anticipated that
the above costs are 10% of revenues;
− c- Control centre operation costs per year[€ / per annum].The control centre installation and operation
costs a fixed sum, not dependent on the number of charging stations that are operated. It has been adopted
in accordance with the available literature that, if the network in Serbia joins one of the European systems,
this cost is 100 € / per annum.
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− w– Workforce [€ / per annum] = 0.As it is envisaged that the charging points should be within the toll
stations or petrol stations, and that the payment for of purchased energy should be made using the
appropriate cards, there is no need for specially employed persons. Equipment and facility maintenance jobs
are scheduled through the item maintenance.
− t - Telecommunication fees per year [€ / per annum]. For the purposes of the Project, it is assumed that all
costs related to wireless internet, customer support services and fees for software provision amount 10% of
the revenue generated from charging services;
− p - Power of the charging station [kW]. Power of the charging station. A charging station with a powerof
160 kW (375 A, 400 V, three-phase system). Initially, the charging point is predicted to operate 24/7 at 66%
efficiency, i.e. deliver an average of 2,560 kWh per day;
− u - Utilization rate of the charging point [%]. Charging points on the “A” road network will be used mainly by
PEVs with foreign plates in transit and it is assumed that the utilization rate will vary from 50% to 70%. The
utilization of time only includes the time for charging, not the entire time spent parking at a station;
− e - Electricity costs per kWh for the charging station operator without value added taxes. These are
assumed to be the normal household prices for electricity. The average price of electricity in the Republic of
Serbia for households is 0.0541 €/kWh, and for the economy it is slightly higher and amounts to 0.0767 € /
kWh excluding taxes and levies15.

3.3.3.3.

The revenue from selling electricity

The revenue (including value added taxes) from selling electricity to EV drivers is calculated by the following
expression:
Revenue [€/per annum] = (u∙24h/day∙365.25day/per annum∙p)∙(e+ma)
Where: ma–Mark-up on electricity per kWh including VAT [€/kWh]. The total selling price of kWh of electricity
at a charging station depends on the price of electricity (in this particular case for households) and on the
margin necessary to cover the costs (CAPEX and OPEX) of the business and to generate profits that would
make the whole business attractive to investors. In neighboring and EU countries, this margin ranges
between 0.8 and 1.9 €/kWh and is not correlated with the price of electricity. For the calculation markups of
0.06, 0.08, 0.1 and 1.2 €/kWh are taken which result in round values for the price of charging at the station of
around 0.125, 0.145, 0.165, 0.185€/kWh with VAT.
The analysis of terms for OPEX and Revenue shows that the price of electricity is repeated in both
equations. By eliminating the cost of electricity purchased and sold, these equations can be simplified as
follows:
OPEX [€/per annum] = r+m+t+c+o+w, and
Revenue [€/per annum] = (u∙24h/day∙365.25day/per annum∙p)∙(ma)

15

Eurostat, Electricity price statistics; https://ec.europa.eu/eurostat/statisticsexplained/index.php/Electricity_price_statistics.
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Where: r= 0; m= 7,000 €/per annum; t = 10% of the revenue generated from charging services; c= 100 €/per
annum; o= 10% of the revenue generated from charging services; w= 0; ma= 0.06, 0.08 0.1, 0.12€/kWh with
WAT; WAT= 20%; p – 160 kW; u= 66%.

3.3.3.4.

Project costs and benefits

A cost-benefit analysis was first performed on a single charging point for a period of 10 years, which was
assumed to be the moral life of the equipment16.
Next table presents the results of the cost-benefit analysis. The calculations were made for 10 years of
equipment work + a year for preparation and construction.
Table: Costs and benefits of using one “en route” rapid charger
Year
0
CAPEX, €
-100,000
Depreciation, €
Cost of capital, 8%
interest
OPEX
Maintenance, €
Control center
operation costs, €
Overhead, €
Telecommunications, €
Revenues
0
(without VAT), €
Flow, €
-100,000

1
2
3
4
5
6
7
8
9
10
0
0
0
0
0
0
-2,000
0
0
0
-10,000 -10,000 -10,000 -10,000 -10,000 -10,000 -10,000 -10,000 -10,000 -10,000
-4,400 -4,400 -4,400 -4,400 -4,400

0

0

0

0

0

-7,000 -7,210 -7,426 -7,649 -7,879 -8,115 -8,358 -8,609 -8,867 -9,133
-100

-100

-100

-100

-100

-100

-100

-100

-100

-100

15% of the revenue generated from charging services
-100
-100
-100
-100
-100
-100
-100

-100

-100

45,867 45,867 45,867 45,867 45,867 45,867 45,867 45,867 45,867 45,867
24,267 24,057 23,841 23,618 23,389 27,552 25,309 27,058 26,800 26,634

A similar calculation can be made for the whole project, which involves the successive installation and tenyear exploitation of a total of 38 charging points on the “A” road network.
Table: Plan of installation of rapid charging points on the “A” road network (2020 - 2029)
2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

Total

6

5

2

0

2

3

4

4

6

6

38

The calculation is made for the same input sizes as the previous one for a single charging point and covers
the life cycles of all stations (see next table).

16

The moral life is the period of service of the equipment, after which the equipment becomes technically and economically ineffective
compared to new equipment, of a more modern construction.
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Table: Costs and benefits of using one “en route” rapid charger
No
of
charges
6

1

2

3

4

5

6

7

8

11

12

13

14

15

16

17

18

19

10

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

-500.0 121.3 120.3 119.3 118.1 117.0 137.8 126.6 135.3 134.0 0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

-600.0 145.7 144.4 143.1 141.8 140.4 165.4 151.9 162.4 160.8

5

0.0

2

0.0

0.0

0

0.0

0.0

0.0

0.0

2

0.0

0.0

0.0

0.0 -200.0 48.6

3

0.0

0.0

0.0

0.0

0.0

4

0.0

0.0

0.0

0.0

0.0

0.0

4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

6

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

6

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Total

9

-200.0 48.6

48.2

47.7

47.3

46.8

55.2

50.7

0.0

0.0

0.0

0.0

0.0

0.0

48.2

47.7

47.3

46.8

55.2 50.7 54.2 53.6

0.0

0.0

0.0

0.0

0.0

-300.0 72.9

72.2

71.6

70.9

70.2 82.7 76.0 81.2 80.4

0.0

0.0

0.0

0.0

-400.0 97.1

96.3

95.4

94.5 93.6 110.3 101.3 108.3 107.2 0.0

0.0

0.0

-400.0 97.1

96.3

95.4 94.5 93.6 110.3 101.3 108.3 107.2 0.0

0.0

-600.0 -354.4 65.7 311.9 109.0 54.7

50.4 153.3

54.2 53.6
0.0

0.0

-600.0 145.7 144.4 143.1 141.8 140.4 165.4 151.9 162.4 160.8 0.0
0.0

-600.0 145.7 144.4 143.1 141.8 140.4 165.4 151.9 162.4 160.8

56.1 201.5 793.2 662.3 618.6 628.3 595.5 532.6 421.4 323.2 160.8

3.3.4. Cost-benefit evaluation
When evaluating investment projects using Cost - Benefit analysis, it is possible to use a number of
evaluation criteria. Here, four possible criteria will be used:
− Net present value (NPV),
− Internal rate of return,
− Coefficient of benefit-cost ratio,
− Return on investment criterion.

3.3.4.1.

Net Present Value (NPV)

Net Present Value (NPV) is the value of all future cash flows (positive and negative) over the entire life of an
investment discounted to the present. The discount rate is the interest rate at which the central bank issues
loans to commercial banks and which the central bank calculates when buying bills of exchange. This affects
the market conditions by forming interest rates on the money market. Each agency tends to have a different
discount rate. It generally ranges between 2-7%. National Bank of Serbia for the year 2019 determined the
height of the reference discount rate at 4.11%.
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NPV analysis is a form of intrinsic valuation and is used extensively across finance and accounting for
determining the value of a business, investment security, capital project, new venture, cost reduction
program, and anything that involves cash flow.
If present value of cash inflows is greater than the present value of the cash outflows, the net present value
is said to be positive and the investment proposal is considered to be acceptable. The eligibility limit of the
investment proposal is NPV = 0.
As an absolute indicator, the NPV criterion is more suitable for evaluating the validity of a project than for
choosing between multiple projects.
The calculated values for the NPV are given in next table. The calculations, with the help of EXEL, were
made for the life cycle of one charger and for the complete investment. The adopted discount rate was 6%.
Table: Net Present Value (NPV) - table shows that the NPV is greater than zero so that the investment is
acceptable (for the input data set).

3.3.4.2.

Discount rate, %

NPV, €

One rapid charger (160 kW)

6

79,693

Complete investment (38 chargers)

6

1,912,020

Internal Rate of Return (IRR)

The internal rate of return is that discount rate at which the sum of the discounted benefits equals the sum of
the discounted costs, or at which the present value of the net benefit equals zero.
The evaluation of investment projects using the IRR criteria is carried out in such a way that any project
where the size of the IRR is higher than the interest rate prevailing in the capital market (or the discount rate
adopted) is considered favorable and economically justified for realization. When it comes to choosing
between more investment projects, a project with a higher ISR is considered to be more favorable.
The calculated values for the IRR are given in table 52. The calculations, with the help of EXEL, were made
for the life cycle of one charger and for the complete investment. The adopted discount rate was 6%.
Table: Internal Rate of Return (IRR) - table shows that the IRR, in both cases, is higher than the discount
rate so that the investment is acceptable (for the input data set).
Discount rate, %

IRR, %

One rapid charger (160 kW)

6

21

Complete investment (38 chargers)

6

20
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3.3.4.3.

Coefficient of Benefit-Cost Ratio (BCR)

This criterion is represented by the ratio of the total discounted benefits to the total discounted costs brought
by an investment project. It shows how many units of benefit each unit of money consumed brings. A project
is considered favorable and economically viable if it has a value greater than 1. If an evaluation and selection
of several available projects is made, the project with the highest value of this coefficient with the condition
fulfilled is considered as the most suitable one. This criterion is considered, by its characteristics, inferior to
the criterion of the present value of net benefits.
The calculated values for the BCR are given in next table. The calculations, with the help of EXEL, were
made for the life cycle of one charger.
Table: Coefficient of Benefit-Cost Ratio (BCR) - table shows that the BCR is higher than 1 so that the
investment is acceptable (for the input data set).
PV of Cash Inflows PV of Cash Outflows
One rapid charger (160 kW)

3.3.4.4.

337,588

253,113

BCR
1.33

Return on investment criterion (ROI)

The payback period is a period expressed in years for which the present value of the net benefit of the
investment will repay the investment.
We can consider a project to be favorable and economically justifiable for realization when its return period is
less than a predetermined normative return period. The economic life of the equipment can roughly be taken
as the normative return period. For the evaluation of several projects, the rule is that the best project is the
one that has the shortest payback period.
This criterion can be used to evaluate more than one project only in the case of identical projects or when
choosing between multiple variants of one project. This criterion is usually used in the case of investment
projects in which the technological and economic obsolescence of the equipment is fast, and the investor's
aspiration is to repay the invested funds as soon as possible so that he can come back to more modern
equipment. The payback period is very easy to calculate and implement. The basic disadvantage of this the
criterion is that it does not take into account the benefits and costs of the project in the entire period of
exploitation of the investment, but only until the return of the total invested funds.
The form by which the return on investment is calculated is:
ROI = Total investment / Average annual net inflow
Where: A total of € 100,000 is required to install a single charger; the average annual inflow is € 25,000. The
calculated values for the ROI are given in next table. The calculations, with the help of EXEL.
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Table: Internal Rate of Return (ROI) - table shows that the ROI is significantly lower than the moral life of the
charger so that the investment is acceptable (for the input data set).
Total investment

Average annual net inflow

337,588

253,113

One rapid charger (160 kW)

BCR, years
3.96

3.3.5. Sensitivity analysis
This step allows you to check the accuracy of your estimates and assumptions.
This is normally done by altering the discount rate utilized, by increasing it and decreasing it. If you still get a
positive number of NPV during this step, then the investment should be accepted. If you get a negative
number during this step, then you should calculate where the balancing point is zero.
Table: The effect of the discount rate on the NPV
Discount rate

NPV, 1,000 € One rapid charger (160 kW)

4.11

6

8

10

21

98

79.693

63

48

0

1.912

1.384

981

0

NPV, 1,000 €, Complete investment (38 chargers) 2.565

The NPV remains positive until the discount rate equals the IRR. So it can be said that the investment should
be accepted as long as the IRR obtained is higher than the adopted discount rate or the one prescribed by
the central bank.
Table: Influence of utilization rate of charging point(s) on IRR - table shows that the average network
utilization should not be lower than 50% as this would jeopardize the profitability of the whole project.
Utilisation rate, %

IRR, % One rapid charger (160 kW)
NPV, 1000 €
IRR, % Complete investment (38 chargers)
NPV, 1,000 €

50

60

66

80

100

6

16

21

32

47

2.5

51

80

147

244

5

14

20

31

46

166

1,132

1,912

3,730

6,327

The total kWh price at en route charging points must be in competition with conventional fuel prices and
charging prices in neighboring countries. It consists of two components of the price of electricity from the grid
and a mark-up that the owner of the charging point takes for service. The current in our country is, for now,
significantly lower than in other European countries. Only in 2019 Ukraine had a lower price for households.
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This gives some freedom in determining the mark-up. All calculations made so far have been made with the
same mark-up value of 0.07 € / kWh.
By lowering and raising the mark-up, the (un)acceptable of the whole investment can be significantly
influenced (next table). During the analysis, the utilization rate of the charging point (s) was constant at 0.66
or 66%.
Table: Influence of mark-up value on IRR and NVP
Mark-up, € /kWh

IRR, % One rapid charger (160 kW)
NPV, 1000 €
IRR, % Complete investment (38 chargers)
NPV, 1000 €

0.05

0.054

0.06

0.07

0.08

0.9

4

8

13

21

29

36

-11

8.6

34

80

125

170

1

6

11

20

28

35

-536

0

688

1,912

3,136

4,360

For a mark-up value of € 0.054 / kWh the IRR of the whole project will be equal to the adopted discount rate,
NPV equal to zero. For more mark-up values, more IRR and NPV values are obtained which makes the
investment more acceptable.

3.3.6. Conclusion
The Republic of Serbia is at the very beginning of the process of "electrification" of transport for several
reasons. One of the more important reasons for slowing down an electric vehicle (EV) adoption is the lack of
sufficient charging infrastructure. We can often hear of the chicken or egg problem. However, the charging
infrastructure problem is smaller, at least at this stage of development of e mobility, than generally thought.
Cost benefit analysis of EV rapid charging stations has shown that building and sustaining an adequate EV
charging network does not require massive investments, and on the other hand, the profitability of a single
charging station can be achieved with a moderate number of EVs due to the high polarization of customer
needs, leading to daily charging needs of certain user groups.
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4. A brief overview of the possible development of the regional
electric vehicle charger network in the Republic of Serbia by
2030
For the purposes of the Project, it is assumed that 90% of passenger vehicles in selected sections are from
Serbia, Montenegro and BiH, as well as that participation in electric vehicles in the population of registered
passenger cars in Montenegro and BiH is equal to that in the Republic of Serbia in the same year. 10% of
the vehicles were assumed to originate in EU + EFTA countries and were calculated by calculating the
average share of electric vehicles in the total number of passenger vehicles, which is valid for that group of
countries.
The assumed average electricity consumption was the same for all observed vehicles and amounted to 18
kWh / 100 km, and the adopted distance, which the average electric vehicle can travel in all traffic and
weather conditions, was 200 km.
Also within the scope og this chapter are the possibilities of visitors access to Serbian cuties, mountains,
archaeological and religious sites. When assessing availability, the following facts were taken into
consederation: is there at least one high speed charger in the city / location, and is it part of an existing
network of public chargers?, or (if not) how far is it to the first network public fast charger? Available cities are
those cities / locations than can be reached and returned by electric car with 60% of the battery capacity, or
200 km.
Based on new and earlier proposals for expanding the network by 2030, a summary overview of the charging
points has been made and the possible layout of the charger network in the Republic of Serbia in 2030 is
presented. In addition to present and futere highways, this network should cover all cities in the Republic of
Serbia, the most important tourist centres, historical monuments and religious sites.

4.1. The proposed number of charging points for ECVs in 2030
As stated earlier, the calculation shows that the number of EVs on the additional road network will be
relatively small in 2030. It is therefore accepted that the criterion for setting up charging stations on this
network is not the average need for electric vehicles for energy, but the distance that electric vehicles can
travel without the risk of remaining on the road with an empty battery. This distance is a maximum of 200 km.
Provided that rapid charging stations will be installed on these roads, which will be standard in 2030, the
minimum number of required chargers would be as shown in next figure.
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Figure: Estimated electric vehicle charger layout on the 2030 supplementary road network
The proposed charger layout for 2030 is as follows:
A2 motorway (Miloš The Great) ‐ On the part of the road from toll station "Obrenovac" to Toll Station
"Preljina" is proposed to be installed by 2030 a total number of 6 rapid charging points (power of 160 kW),
three on each side of the road. Chargers have been proposed in the Obrenovac, Lajkovac and Preljina toll
stations. This would ensure that they can also be used by EVs using the Šumadia and Morava corridors. On
the E763 road from Preljina to the border with Montenegro, it is proposed to install three 160 kW chargers in
the city of Užice, on Zlatibor and in the Prijepolje. The micro locations of these chargers are not defined.
These chargers will have their function as part of the local network even after the A2 motorway is completed.
In Montenegro, the closest charging station is in Kolašin, which is 103 km away from Prijepolje. The road to
BiH E‐761 (Požega ‐ Kotroman) in this moment passes Mokra Gora. The project proposed the installation of
a 160 kW charger in Mokra Gora, in addition to the charger mentioned above in Užice. This charger that
would remain in operation even after the construction of a new road to BiH that would go the other route. In
BiH, there is a charger in Goražde, 109 km away from Užice and 63.7 km from Mokra Gora.
A5 motorway (Morava Corridor) ‐ The distance from Preljina to Pojate is 113 km along the current route
and 112.3 km with the new A5 motorway, so it is not necessary to charge the transit passengers, since they
are already provided at both ends of this corridor. Therefore, it is proposed to set up three rapid chargers on
this route in the zones of the cities of Kraljevo, Vrnjačka Banja and Kruševac. These chargers would be
intended for transit passengers, but above all creating the preconditions for the development of local tourism
and increasing the number of electric vehicles in these cities. Once the highway is complete, the above
chargers would become part of the local network.
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Expressway (Vožd Karađorđe) ‐ Three 160 kW rapid chargers are proposed on this corridor in the zones
of the cities of Topola, Svilajnac and Bor. The purpose of these chargers is to supply transit passengers and
those who wish to spend some time in central Serbia. Also, a charger was proposed in the Mladenovac area.
As in the previous cases, once the expressway was completed, the above chargers would become part of
the local networks.
Kragujevac ‐ Batočina ‐ On the road connecting the city of Kragujevac with the A1 motorway, it is
proposed to install one 160 kW charger. The suggestion is that the chargers should be located in the
roundabout area on Lepenic Boulevard.
Kuzmin ‐ Sremska Rača ‐ On this road connecting the A3 motorway and BiH, it was not suggested to
install a charger for EVs.
In total, it was proposed to install 16 rapid chargers of 160 kW. The order and timing of their installation will
depend, to a large extent, on the speed of resolving systemic issues related to payment method for electricity
and charging services consumed. Addressing these issues will open space for the foundation of new
companies and the expansion of existing companies into this business.

4.2. Supporting tourism
The tourism is an important component of every economy, but at the same time one of the sector that has a
significant impact on increasing greenhouse gas (GHG) emissions and supplemental environmental
pollution. This has a double negative effect: reducing tourists' interest in visits certain locations and the
deterioration of the living conditions of the population in these areas due to environmental pollution. Allowing
easier access and use of EVs by the host will attract new and retain old visitors while mitigating any potential
environmental impact.
To achieve this goal, it would be necessary for the Government and local governments to carry out each part
of their activities. The government should provide fast, comfortable and safe access to tourist sites, which
would include the existence of a network of EVs chargers. Local governments should encourage small
businesses, local hoteliers and tourist attractions to invest in EVs and local charging networks, which would
attract tourists in transit, tour operators and EVs owners from the region.
The charger network on the extended road network should make most, if not all attractive tourist sites
accessible to visitors using EVs. This implies that a tourist with 80% battery charge can visit a place he
wants and, after the visit, reach the nearest fast / rapid charging point and, after charging, continue on his
journey. Alternatively, if the tourist site lingers longer, it should be possible to recharge the battery of his
electric vehicle in order to continue the journey.
Data on attractive tourist destinations in the Republic of Serbia were mostly collected using information from
the websites of the Republican Statistical Office of the Republic of Serbia17, TOS (Tourist Organizations of
Serbia)18, discaverserbia.org19, serbia.com20, Society of travellers of Serbia21, as well as from other sources.
17 www.stat.gov.rs
18 http://www.srbija.travel/
19 http://discoverserbia.org/
20 http://www.serbia.com/
21 http://www.drustvoputnikasrbije.rs/
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The collected data are grouped into: mountains, archaeological sites, spas and spas, fortresses and castles,
religious sites.

4.2.1. Mountains of Serbia
The mountains of Serbia and the tourist centres on them have great potential not only for the development of
winter tourism, but also for rural, hunting, cycling and congress tourism.
Out of the eight considered, only one mountain has a public charger and that is Kopaonik and the distance to
the first next public charger, which is in Niš, is 125 km. In 2030, the situation should be significantly better.
When the chargers are installed on the Morava Corridor (Kraljevo, Vrnjačka Banja and Kruševac) this
distance will be significantly reduced. If the public fast / fast chargers are installed on the Morava Corridor
(Kraljevo, Vrnjačka Banja and Kruševac), distance to available charger within network will be significantly
reduced. In 2030, the proposal would be to increase the number of public chargers in Kopaonik to increase
the tourist offer and protect the environment, and to make the newly purchased utility and official vehicles
hybrid or electric.
There are no public chargers in the mountains of Fruška Gora and Avala, but the proximity to major cities
(about 20 km) provides comfort for tourists with electric vehicles. It is similar to Stara Planina where the
distance to Pirot is about 65 km. It is proposed that at least one public electric vehicle charger be installed in
these mountains from 2030 onwards.
The other five mountains (Divčibare, Zlatibor, Tara, Mokra Gora and Zlatar) are practically out of the charger
network if the situation in 2020 is analyzed. The distance to Kragujevac, where the nearest public charger is
currently located, is between 106 km and 185 km. This is not favourable even if public chargers are installed
in these locations in due course. For Divčibare, installing a charger at the Hotel Crni Vrh (location proposal
only) and in the city of Valјevo would provide all the prerequisites for visiting and staying of tourists with
electric cars on this mountain.
The proposed solution for Zlatibor, Tara, Mokra Gora and Zlatar is practically the same as in the previous
case. Expanding the network of chargers on the A2 motorway to existing roads to Kotroman and Gostun (via
Zlatibor) would allow comfortable travel and stay of tourists with electric vehicles in these mountains.

4.2.2. Archaeological sites
Serbia is known for its numerous archaeological sites from the Neolithic period, such as: Lepenski Vir, Vinča,
Starčevo... There are also a large number of Roman and Byzantine cultural monuments in Serbia, the
Kalemegdan Fortress of Belgrade, Viminacium, Felix Romuliana, Mediana, “Caričin grad” ‐ Iustiniana Prima,
Ulpiana ‐ Iustiniana Secunda, Trajan's Table, as well as unique sites from the Middle Ages.
Of the ten archaeological sites considered, seven are available to tourists with electric vehicles in 2020. The
largest distance is between Paraćin and Gamzigrad, which is 84 km and 168 km respectively.
For tourists are inaccessible localities Lepenski Vir, Trajan's board and fortress Diana in Sip. These locations
will not be easily accessible even if and when bottling plants are set up in surrounding cities. Therefore, it
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was suggested that at least one public fast charger be set within the hotel “Lepenski Vir” in the coming
period, from which all the above locations would be more easily accessible.

4.2.3. Spas and health resorts
Over 1,000 healing springs and over 50 spas have made spa tourism in Serbia the most developed tourism
branch. For the purposes of the Project, eight of the most visited spas were considered.
All the main spas are covered by a network of existing chargers (2020). By 2030, it is proposed that five new
fast chargers be installed in Sokobanja, Aranđelovac, Banja Palić, Loznica and Prolom Banja. Chargers in
Vrnjačka Banja and Vrdnik are already included in earlier proposals.

4.2.4. Fortresses and palaces
Fortresses and palaces throughout Serbia testify to a tumultuous past, but also to a different way of life. The
survey covers only a few that are considered most interesting. These are: Belgrade Fortress, Petrovaradin
Fortress, Golubac Fortress, Smederevo Fortress, Rama Fortress, Maglić, Stari Ras, Fantast Castle,
Kapetanovo Castle, Bishop's Palace in Vršac, Bishop's Palace in Novi Sad, Castell Castle in Ečka and the
Smederevo Obrenović Summer House.
Of the seven fortresses analyzed, only two are critical. These are Golubac and Rama Forts. The distance
between these locations and the fast charger is more than 100 km. By setting up a fast / rapid charger in
Požarevac, these two forts would be accessible to foreign and domestic tourists with electric vehicles.

4.2.5. Religious objects
Churches and religious communities that have a centuries‐old historical continuity in Serbia are: the Serbian
Orthodox Church, Roman Catholic Church, Slovak Evangelical Church, Reformed Christian Church,
Evangelical Christian Church, Islamic Religious Community, and Jewish Religious Community. All churches
and religious communities in Serbia have full internal autonomy and independence from the state.
Due to architectural features, sculptural decorations, murals, icons, manuscripts, numerous works of applied
art, Serbian monasteries attract the attention of both tourists and experts in medieval art.
According to time of origin and location, they can be divided into: Valley of kings, Ovčar ‐ Kablar
monasteries, Moravian monasteries, Kosovo ‐ Metohija monasteries and Fruška Gora monasteries. Outside
these groups we have the famous monasteries Mileševo, Prohor Pčinjski...
The results of the analysis indicate that currently (2020) most of he sacral objects in the Republic of Serbia
are accessible to tourists using electric vehicles. Outside the existing network of chargers are the
monasteries of Mileševa and Sveti Nikola in Priboj Spa. By installing a public fast charger in Prijepolje, the
problem would be completely solved without installing the charger on the locations themselves. The
Studenica Monastery is now within reach (108 km), but with the installation of a public rapid charger in
Kraljevo it will be fully accessible to tourists. The Altun‐alem mosque in Novi Pazar is only 46 km from
Kopaonik, but the next charger is even in Niš or Kragujevac. The sacral objects in Kosovo and Metohia are
not discussed in more detail in the table. The conclusion is that for the visits of tourists with electric vehicles,
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except in Kosovo and Metohija, it is not necessary to install new public fast / rapid chargers other than those
foreseen in the previous points.

4.3. Electric vehicle charger network proposal in 2030
The proposal for the 2030 Public fast / rapid charger network in the Republic of Serbia, presented in this
chapter, was made on the basis of the results of the analysis given in previous text.
The proposed network of chargers would cover all cities in the Republic of Serbia, the most important tourist
centres, historical monuments and religious objects, in addition to present and future motorways.
The total proposed number of chargers for the year 2030 is ninety‐five (95), which includes routes (A1, A2,
A3, A4, E761, E765, route A5 and expressway "Vožd Karađorđe"), cities and tourist locations.
The existing highway network (A1, A2, A3 and A4) along with 10 existing (7 fast + 3 rapid chargers) should
have another 42 rapid chargers installed by 2030. Six (6) more chargers should be added to this number,
which would allow EVs to travel to Romania (Vršac chargers), BiH (chargers to Užice and Mokra Gora) and
Montenegro (chargers at Zlatibor and Prijepolje).
On the future route of the A5 motorway, three chargers located in major places on this route (Kraljevo,
Vrnjačka Banja and Kruševac) are proposed. Their purpose is to supply transit travellers as well as citizens
and tourists in these places.
The Vožd Karađorđe expressway route passes through several cities where three chargers are proposed
(Topola, Svilajnac and Bor). In Topola this road intersects with the state road No 25 which goes north to
Mladenovac (a short way to Belgrade) and south to Kragujevac. The plan also provides for the installation of
one rapid charger in both places.
An analysis of the current charger network has shown that only a small number of cities in Serbia have public
chargers for electric vehicles. The project proposed that at least one public rapid charger, or 21 in total, be
installed in all cities for the needs of visitors as well as the promotion of E‐mobility.
Also, it is proposed to install 10 rapid chargers at tourist sites in the Republic of Serbia, such as historical
monuments, spas, spas and mountains. The criterion was that the sites were located outside the network of
existing and planned chargers in 2030.
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Figure : Proposed deployment of the chargers in the Republic of Serbia in 2030 with available tourist locations
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