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Abstract 

The goal of this measure was to establish an innovative public transport system based 

on two electric minibuses. The buses are the backbone of the future public transport 

system, whose absence has so far presented one of the most serious challenges to 

further improvement of sustainable mobility. The electric vehicles are using the existing 

charging network infrastructure, set up in the scope of the measure K2.1 “Electric 

municipal car sharing”. Due to the high level of innovation included in this measure and 

the buses themselves, a longer period of testing was required and therefore, the delivery 

of the buses had been postponed to 23 May 2015. A testing period on site was 

performed in summer 2015, after which the first public transport line in Koprivnica was 

established. The experience gained during the implementation period and the overall 

results of the implementation will be used for the further development of the measure 

after the end of the project period and as a case example for other small and medium 

sized cities. 
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1 Introduction 

Within CIVITAS DYN@MO the plan of the City of Koprivnica was to 

establish a public transport system that is based on two types of 

transport mode: buses on the one hand and a public bike scheme 

consisting of conventional bikes and pedelecs on the other hand. In 

order to achieve this aim, the City of Koprivnica has purchased two 

electric minibuses and set up five electric charging stations which are 

used for the charging of electric cars and electric buses. The expected 

result was to be an established public transport scheme based on 

electric buses with the necessary infrastructure. It needs to be pointed 

out that this is the first regular public transport in the city, to be used by 

citizens and visitors and not only by school children and factory workers. 

In this way, one of the overall aims of the CIVITAS DYN@MO project 

was reached, namely the implementation of citizen-friendly mobility 

solutions, based on new electric and hybrid vehicles and innovative 

service concepts. 

Also, this is the first public transport scheme where electric buses are 

introduced, not only in Croatia but also in the wider region and even 

Europe. The implementation of the scheme was rather complicated for 

several reasons. First of all, electric buses are not a common sight in 

Europe. There are not so many manufacturers that are producing 

electric buses. Also, the technology is not really mature yet; there is a lot 

of research and testing to be done, especially regarding the battery 

packs. Charging infrastructure is poorly built, almost no stronger, fast 

charging station are present in Croatia that can be used by such large 

electric vehicles. At the end, the price of the vehicles is very high. 

Electric buses can cost up to three times more than conventional buses. 

Even though, at first sight, all of these reasons make a public transport 

system based on electric vehicles hard to implement and even more 

harder to justify, there are special approaches that can ease the 

introduction of such a system and make it more viable and justified.  
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2 Status of public transport in Koprivnica before CIVITAS 

DYN@MO  

The activities described in this chapter were done in order to find out 

whether there is a need and the potential for the establishment of a public 

transport system in Koprivnica. This is of great importance due to the fact 

that the initial costs of purchasing the planned electric vehicles were rather 

large and due to the fact that PT did not exist beforehand. Currently, there 

has not been organized public transport apart from the transport of school 

children regulated by national law and financed by local and/ or regional 

authorities. 

Due to its size, the City of Koprivnica falls in the category of small and 

medium towns for which organized public transport is not cost-efficient and 

needs to be subsidised by local authority. The regional railway system and 

regional bus services cater for the needs of passengers whose trips end at 

the main railway and bus stations. Both stations are situated at a short 

distance from one another at the western edge of the town centre. Apart 

from school buses which transport school children from the villages and 

nearby settlements to their schools, there is organized transport of 

secondary school students, combining regional train connections with 

school buses and factory buses which are used for transporting workers to 

the industrial zone at the northern edge of the city. 

The lack of public transport is perceived as the main challenge to a more 

sustainable transport inside the city. Moreover, the development of the 

university campus of the latest public university in Croatia (University North) 

situated at the north-eastern edge of the city requires a mobility solution for 

the growing number of university students.  

The potential increase of the city’s young population by almost 15% calls for 

the introduction of state-of-art transport solutions in order to answer the 

needs of the young dynamic generation as well as other categories of 

citizens who have been used to a high quality of life in their city. 
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Figure 1: Share of school children and school employees who use buses as their primary mode 

of transport to and from school (May 2014) 

 

 

The total number of school children and school employees in City of 

Koprivnica is 2,719. Out of that number, 882 (32.44%) use buses for their 

daily travels and 1,839 of them (67.64%) use other means of transport 

(cars, bicycles, walking). 

 

The share of regional public transport in the modal split is modest, while the 

potential of the existing railway line has never been fully explored or 

supported. There is no intermodality of the service of two regional public 

transport services which would benefit both operators. The concept of the 

intermodal passenger terminal is developed in measure K1.3 of the project 

CIVITAS DYN@MO. Koprivnica is spearheading the development and 

establishing a model of efficient public transport systems for a large number 

of communities of similar size. 
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Figure 2: Modal share in the City of Koprivnica based on traffic counts conducted in 

February 2014.

 
 

Innovative technology implementation is the basic part of the whole scheme 

because the use of electric buses has never been applied in Croatia before. 

It is entirely innovative in the choice of technology, providing an opportunity 

for the study of benefits of electromobility in the context of a small city. 

Testing of the performance of electric vehicles, efficiency of batteries, 

issues of maintenance and storage, and evaluation of user satisfaction with 

the innovative service will provide relevant data for possible replication of 

this measure in the wider international region. 

Electric vehicles have not been used at all by the public sector in Croatia. 

Present fleets of bus providers are based on conventional fossil fuels 

vehicles, with some attempts at providing alternatives in the form of 

biodiesel or CNG vehicles. Koprivnica’s measures implemented in the 

scope of CIVITAS DYN@MO therefore provide a completely innovative 

example of electric vehicles implementation at the regional level. 

A customer survey called “Big M” was conducted in order to gather 

opinions of potential users. More than two thirds (68.3%) agreed that the 

introduction of public transport in Koprivnica is needed. The survey was 
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taken in the second half of 2013, and included 464 citizens of the city of 

Koprivnica. This equals approximately 1.5% of the total population of the 

city. The survey was divided into several sections, from which data was 

extracted in order to establish a modal split, the citizen’s knowledge and 

affiliation towards new and innovative sustainable transport techniques, 

difficulties in travelling between the city centre and the surrounding 

areas and etc.  

An English version of the questionnaire is included in Annex 3. Of the 

464 citizens that took part in the survey, 53% were female, 47% were 

male. Also, the age dispersion was similar to the age pyramid of Croatia, 

where most of the interviewers where from the age group 40 – 64, 

followed by age group 20- 29 (see table 3). The survey was conducted 

online and “face to face” during one week. 

 

Figure 3: Survey question on need of public transport
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Figure 4: Gender and age dispersion 

 

 

 

Figure 4 is showing the distribution of the interviewers according to sex and 

age. 47% of the interviewers were male, 53% were female. Regarding age, 

11% were in the age group between 16-19, 17% in the age group between 

20-29, 23% in the age group between 30-39, 43% in the age group 

between 40-64 and 7% were in the age group above 65. 
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3 Research of available technological solutions regarding 

electric buses 

In the preparation phase, a research of innovative technology solutions 

regarding electric buses was done. The goal of this research was to see 

what are the available technological solutions regarding electric buses 

available on the market in Croatia and Europe. 

The result of the survey showed that the market for electric buses and the 

technology of electric buses are still in development. 

The main problem of the vehicles are the batteries that are developing 

rather slowly, and their prices do not fall as quickly as expected. All of this 

resulted in the fact that the buses are still too expensive, and some of their 

basic characteristics (like weight) are actually inappropriate for the everyday 

operation in public transport. 

Photograph 1: PVI, France 

 

One of the common conclusions of the study is that the prices of the electric 

buses at that moment were substantially higher than for those of 

conventional buses. The prices range from 200,000€ for smaller electric 

minibuses (BlueBus, PVI, Technobus) to 500,000€ and more (Solaris, 

Optare). 
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The price of the vehicles depends mostly on the size of the battery pack. 

On the other hand, by increasing the battery pack, the weight of the 

vehicles is increasing and by that, lowering the energy efficiency of the 

vehicle. One of the conclusions was that – at the moment the survey was 

conducted – the best combination was a smaller bus, with less battery 

capacity but with a possibility of fast charging in order to compensate for the 

decreased range of the vehicles. This was a conclusion that set the 

recommendation for the tender documentation for the two electric buses for 

the City of Koprivnica. Also, this conclusion had an impact on the 

establishment of the first PT line that was set up in the scope of DYN@MO 

measure K1.3 “Planning public transport in Koprivnica”. 

 

Photograph 2: Solaris, Poland 

            

 

4 Tender and technical description of the electric buses  

On 11 July 2014, the public tender for the procurement of two electric buses 

was launched by the City of Koprivnica (see Annex 1). The project task was 

developed in coordination with measure K1.3 “Planning of public transport 

system in Koprivnica” within which a public transport system was to be 
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established for the city. Activities were coordinated with this measure 

because a large part of the public transport was relying on the two electric 

buses and the technical requirements for the two electric buses were based 

upon the requirements of the public transport system. For this reason 

especially the research and planning activities of measures K1.3 and K2.2 

were coordinated well. 

The minimal technical requirements for the electric buses that were 

included in the tender were the following: 

 The bus had to have a minimum of 9 + 1 seats. This requirement is 

needed because such a vehicle can operate as a bus in the future 

public transport system of the City of Koprivnica. 

 Minimum range of 100 km. The range requirement of 100 km is based 

on the fact that the existing fast charging network allows charging the 

buses in less time than with a normal charging outlet. 

 In compliance with the legal requirements for the transport of 

passengers in public transport operations.  

 The buses have to have a fast charging option in order to have the 

possibility of minimizing the total number of batteries and by that to 

lower the costs of the vehicles. 

Also, a number of specifications was developed for the project task that 

were needed in order to have vehicles that are fully capable and legalised 

for the public transport operation. 

On 30 July 2014 one offer was received: from the Croatian specialty 

vehicles producer Dok-Ing. The decision on accepting the offer from Dok-

Ing took place on 18 September 2014.  According to the offer, the price of 

the vehicles was 183,333.33€ in total, i.e. 91,666.67€ per vehicle. A 

contract was signed with Dok-Ing Ltd. on 30 September 2014.  

Two electric buses were delivered on 23 May 2015. The vehicles that were 

delivered were pure electric vehicles according to the requirements from the 

tender documentation. The supplier had to bring the vehicles to the point 

where they are licensed to operate in conventional public transport. The 

supplier was responsible for the correct functioning of the vehicles up to 
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three years without any other limitation regarding the kilometres that it will 

run in those three years. The vehicles have been developed and produced 

in Croatia, at the Dok-Ing factory, Croatia. The testing of the electric buses 

was conducted on the premises of the Dok-Ing Ltd. factory. This was the 

first electric bus produced and implemented in Croatia. 

 

The basic characteristics of the electric buses are as follows: 

 

Figure 5: Characteristics of the electric buses 

Vehicle type  Bus, class B  

Vehicle producer DOK-ING 

Vehicle model eBuzz (eBuzz1, eBuzz2) 

Colour White  

Year of production 2015 

Seating places 12 

Empty vehicle mass 3,250 kg 

Maximum speed 80 km/h 

Highest allowed mass 5,000 kg 

Type of engine Synchronous motor with permanent magnets 

Engine power 76 kW 

Type of battery LiFePO4  

          

The name of the vehicle is Dok-Ing eBuzz 112, an electric bus with a 

capacity of 12 + 1 seats, with a vehicles mass of 3,250 kg, a 76 kW 

synchronous electric motor with permanent magnets and a battery pack of 

lithium iron phosphate batteries of 55 kW and a fast charging option. 
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In June 2016, the vehicles were presented to the public. This was a large 

dissemination event that included a number of reporters, political officials 

and people who are known for the promotion of sustainable mobility in 

Croatia. 

 

Photograph 3: Presentation of the electric buses  

 

 

Presentations of buses and the plans for their implementation were held at 

Koprivnica City Hall on 16 July 2015. Afterwards, the interested public could 

participate in demonstrative rides through the streets of Koprivnica. 
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Photograph 4: Presentation of the electric buses  

 

 

Photograph 5: Electric buses in front of Koprivnica City Hall 
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According to the manufacturer, the vehicles have a minimum range of 160 

km, 13+1 seats, they include all elements that are needed for being used in 

public transport, charging options AC (slow charging) and ChaDeMo (fast 

charging), 55 kW battery pack which in combination with the fast charging 

network that is located in Koprivnica can be charged in 12 hours in AC 

mode and 2.5 hours in ChaDemo mode. The vehicles have an electric 

heating system that is using the power of the battery pack. As mentioned, 

the price per vehicle was 91,666.67 €. According to the research that was 

done earlier in the project, this was a relatively low price for such an electric 

vehicle. 

 

Photograph 6: Engine space of the electric buses  
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Photograph 7: Presentation of the electric buses  

 

 

5 National co-funding of the electric buses 

Since the procurement of two electric buses requires a high amount of 

funding, the leading team of the project measure decided to investigate the 

opportunities of external co-funding, apart from CIVITAS DYN@MO co-

funding and the co-funding of the municipal budget. One of the potential co-

funders was the Croatian Fund for Energy Efficiency and Environmental 

Protection, which has recently launched a programme of co-financing clean 

transport measures from national financial resources. After an initial 

agreement, an application was sent to the Fund for co-financing the City of 

Koprivnica part of the measure, which was followed by a positive answer on 

4 July 2014. 

Figure 6: Croatian fund for energy efficiency logo 
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6 Use of the fast charging network of the City of Koprivnica  

Since the City of Koprivnica signed the contract with the national electricity 

company HEP d.d. for the set-up of the fast charging stations in measure 

K2.1, an opportunity arose to have outstanding infrastructure which can be 

used to fast charge the buses and by that to decrease the range of the 

vehicles and reduce the size of the battery pack which had a great influence 

on the price of the vehicles. In total, five fast charging stations have been 

set up. The charging stations have the possibility of charging three 

protocols, COMBO2, Chademo and fast DC.  

The charging stations have a power outlet of 22 kW, which means that they 

could charge the vehicles in a relatively short period. For example, a small 

Mitshubishi i-MiEV with a 16 kW battery pack can be charged, from 20% to 

80% in a relatively short period of 25 minutes. This can drastically increase 

the attractiveness of the electric vehicles, but only if such a charging 

network is available. This has allowed the fast charging of the buses in 

between the stops. One fast charge of 10 minutes can charge the bus 

batteries by up to 6% or 9 km of extra range. 

 

Photograph 8: One of the charging stations (parking lot behind City Hall) 
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Figure 7: Location of the charging stations in Koprivnica 

 

 

7 Low cost of running electric vehicles   

The lower price for operating the vehicles has been a significant factor in 

increasing the attractiveness of the buses. Since the Croatian national 

company HEP d.d. that installed the charging stations and that is delivering 

the service of the charging has not developed a payment system, the 

service is currently free of charge, so that the City of Koprivnica is not 

paying for the electricity that is used for the PT line. Taking that into account 

and other factors, like warranty on the vehicles, maintenance and similar, 

the vehicles have been able to achieve an approximately 90% cost 

reduction in comparison to similar vehicles in similar conditions. 

 



Implementation Status Report  

K2.2 Low emission public transport in Koprivnica 
 

 

  

CIVITAS DYN@MO 
 21 / 28 

 

8 Set up of the PT system based on electric buses and 

operation of the buses  

The start of the PT system was soon after the delivery of the buses. The 

first line that went into operation was based on the recommendations from 

the study “Set up of a PT system in Koprivnica”. The line started at the 

Kampus Koprivnica and was going to a suburb of Koprivnica, Starigrad. The 

total length of the PT line was in total 8 km in one direction, 16 km in total. 

 

Figure 8: PT line L1 
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The PT operation from the introduction of the line in July 2015 could be 

summarised as follows: 

  

PT line set up 

The PT line L1 “Starigrad – Kampus” had a total length of 8 km. It is a 

relatively short line with not so much changes in the road incline. The 

electric bus, with the heat generator on and am average of six passengers 

in the bus, is consuming 16% of power for one return journey. If the 

batteries would not be recharged in between, the capacity would be 

sufficient for a maximum of six, optimally five journeys. With the fast 

charging, in between every stop, this could be increased to optimally eight, 

maximally nine journeys. The fast charging option of the vehicles was a 

large help, as mentioned in the previous chapter, a 10 minute fast charge 

could charge the bus by 6% or additional 9 km of range.  

 

Early reliability problems 

The operation of the buses was relatively successful at the beginning, but 

later on some problem occurred. Since the charging network of the Croatian 

national electricity company HEP was a new thing in Croatia, there was no 

experience on the impact of charging such large vehicles on the network. 

Soon after the start of the operation, problems with the charging process 

have occurred: the communication protocol of the charging station with the 

electric buses was interrupted regularly. 

As a result of that, the chargers have stopped working, by cutting off the 

power supply as soon as the problem of communication occurred. This has 

caused difficulties in using the electric buses where the interface of the 

charging structure broke because of those problems. Solving the problem 

requested a great deal of expert support from the company that produced 

the chargers and the company that manufactured the vehicles. During 

these periods regular functioning of the PT line could not be established. 

Therefore, in November 2015 – four months after the start of the PT line – it 

was decided to decrease the number of departures in order to have a 
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constant functioning of the line if one vehicle is not functioning or the 

charging network is out of order. This way the other vehicle could manage 

the whole day of running, but only with fast charging in between the stops.  

Apart from the sole functioning of the PT line, the number of passengers on 

line L1 was not as high as expected and was rather seasonal. Most of the 

users of the bus service were the students of the University North, that used 

the line when they had classes. In days when the students used the buses, 

the daily number of passengers was rather high, in average more than 35 

daily and in days when the students were not attending the classes the 

number of passengers fell below 20. 

 

Cost of running the vehicles  

The electric buses, after having solved some of the problems, have proven 

to be a successful tool in everyday transport operations. The costs for 

operating such vehicles are very low.  The normal average price of 

electricity in Croatia would be between 0.10€ and 0.15€ per kW. The 

consumption of the vehicle is around 35 kW of electricity per 100 

kilometres, which – at the expected price of 0.10€ per kW – sums up to total 

costs of 3.50€ for 100 km. A comparable diesel powered bus of this type 

would have costs of 15€ to 16€ per 100 km. This makes the operation of 

the electric vehicles 4.5 times cheaper compared to conventional diesel 

powered buses. The electricity that was being used for the charging 

network was, and currently still is, free of charge. This is due to the fact that 

Croatia does not have the legal background solved in order to charge for 

the electricity that is being distributed by the service provider. Even then, as 

explained above, the price of running such vehicles is drastically lower than 

that of the conventional diesel powered buses.  

 

Long term reliability perspective 

Even though the buses have experienced reliability issues, the long-term 

perspective of the reliability and operation of the buses is very good since 

the power train of the vehicle has a small amount of moving parts. This is 
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the exact opposite of conventional diesel power trains that have a limited 

life span. The only unknown is the battery wear in the future. It is expected 

that the price of the batteries will be drastically lower in the near future, so 

that the replacement will not be so expensive. 

 

9 Next steps and recommendations  

The next steps of the zero CO2 emission public transport system in 

Koprivnica would to introduce the second line of PT that was developed in 

the scope of measure K1.3 and the study of Intermodal transport solutions 

of the City of Koprivnica. Each PT line would be served by one bus that 

would use the existing charging infrastructure. Also, it is planned to devote 

a great deal of attention to the monitoring of the technical performance of 

the buses, and what is very important, the influence of the fast charging 

mode on the performance of the batteries. 

The recommendations for potential users would be the following;  

 

Carefully plan the PT lines 

Electric vehicles are sensitive to changes in types of terrains, i.e. if there is 

a steep hill the energy consumption can be drastically higher. Because of 

the limited range of the vehicles, the PT lines have to be planned in a way 

to save as much electricity as possible. Also, the lines have to be aligned 

with the charging infrastructure. 

 

Always ask for long guarantee periods 

Since electric minibuses are a new technology, problem with reliability are 

expected to arise. It is of upmost importance to have a long guarantee 

period from the manufacturer because the technology is rather expensive 

and repairs could be very expensive for the operator.  
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A developed charging network is very important 

Due to the limited range of the vehicles, it is important to have the 

possibility to quickly charge the vehicles. For this, a good charging network 

is an essential necessity.  
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10 Annex 1 – Tender document 

In Croatian 
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11 Annex 2 – “Set up of public transport” study 

In Croatian 
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12 Annex 3 – Big M survey 

In English 

 


