
DATA SCIENCE IN PRACTICE

Wrocław — 30.05.2018 I was overjoyed at the news that an electric car rental was going to open 

in Wroclaw, Poland. Well, anybody who has read the reports from Tesla’s 

limousine tests has dreamed about having a test drive of their own. I was 

not bothered that Vozilla would offer Nissan Leaf cars - a compact electric 

car is still an electric car. I used the rental in the first hours of its operation. 

A mobile app charged a fee for the drive and I - delighted with the new expe-

rience - pondered “How many more people will rent this car today?

If you find this topic of interest, we 
recommend reading this report. It contains 
an analysis of the rental car service Vozilla 
and is based entirely on data, which we 
systematically downloaded from the web 
site API over a lengthy period of time. 
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_ Data acquisition and cleaning.
This section discusses the technical aspects of data processing. If 
you are not interested in this, skip it and go to the next section.

The Vozilla website and mobile application show the location 

of available rental cars on the city map along with their esti-

mated range and battery charging level in percent. The data 

is refreshed on an ongoing basis - it takes one simple HTTP 

request to obtain a JSON data file with information about the 

whole fleet.

The logging of such data is easy. Unix systems (e.g. Linux) feature a cron 

command that allows running a selected program at set time intervals. In this 

particular case, the selected program was curl connecting to the indicated www 

address and saving the downloaded content in a file. I scheduled the acquisition 

of all data about Vozilla cars every minute, starting on the first day of commer-

cial availability of the service. I checked and the whole mechanism works – now I 

only had to be patient and wait.

Six months later, I had  

more than 252,000 files with more than 
13 GB of data on the disc

The data was not complete, just as I expected. Sometimes the Vozilla servers 

went on strike, sometimes there were communication problems on my machine, 

but altogether, the missing data comprised less than half a percent of the whole 

set. In other words, dozens of missing hours in six months of data acquisition.

Half of the missing data consisted of single lost files, e.g. three random minutes 

from among 1440 minutes of the entire daily record. Small gaps were patched up 

with data from adjacent items. A single missing minute was supplemented with 

data coming from the preceding minute and two missing minutes were supple-

mented with data from minutes surrounding the gap. The only risk present in this 

approach involves gluing two renting events into one, because in about 10% of 

the cases the cars are booked or rented in less than three minutes. The analysis 

includes data from 177 days and nights of regular recording of the Vozilla fleet 

status. Unfortunately, the whole record for 31 December 2017 was lost as a result 

of a human error, however, the total number of missing data does not exceed 1%.

_ A glance at the data.
Each processed file includes the following set of information on Vozilla cars:



Some fields were always empty (e.g. metadata or description), 

others were redundant (e.g. identical threes “id-platesNumber-

sideNumber”), yet another were homogeneous (all cars had the 

“vehicle” discriminator).

Consequently, the following data were taken for further processing:

 — side number

 — vehicle type (car/van)

 — estimated range in kilometres 

 — battery level in percent

 — reservation duration limit

 — current status

 — longitude

 — latitude 

 — date and time of recording the information

All analyses and graphs were made in the R language. The initial data frame 

consisted exclusively of the above-listed nine variables (columns) that oc-

curred in 30.510.555 observations (rows).

Interested in raw data for your own analysis? The GitHub URL is at 
the end of the text.

_ Data analysis.
All graphs were generated using the R language and ggplot2 

package. See the script generating the complete set of illustra-

tions for the report in Appendix No. 3.

First question: 
how many Nissan cars are available on Vozilla 
network?

According to the rental owner’s announcements, the target 

number of 190 Nissan Leaf cars was reached in late January 

2018; ten e-NV200 vans were added to the fleet in February.



How many cars were available for rent 
each day?

Until mid-January customers had to make do with 120-130 cars available each day; only after 

the last delivery of the Leafs did the number of available vehicles exceed 150. 

For how many minutes a day were all 
the cars rented?

Something does not add up: we do not have any data on car 

renting from 5th December. A quick glance at the logs shows that 

on that day at 7 AM an update was uploaded to Vozilla servers 

(the service was down for a few minutes), following which the 

information on rented cars (status RENTED) and cars in service 

(UNAVAILABLE) disappeared from the published data. .

Of course, we will not give up on data unavailability that easily; first, however, 

let’s see what we can get from the first month’s record.

 _ Charging stations, routes, etc.

Information presented in this section is extracted from the November 

data; at that time Vozilla API returned info on the location of all the 

vehicles, including the rented and serviced ones

Many Vozilla customers have asked themselves the following question:  

Where are the cars charged?

After all, there are no charging stations at dedicated car parks, 

and there are no cables in the car. The company has announced 

they will build a dozen quick charging stations all over the city, 

but in the beginning there were only three places to charge the 

battery in your Leaf.



We can see that the 

main base is Vozilla 

headquarters at 30 

Kochanowskiego Street, 

with backup locations 

near the National Music 

Forum and in Wilanows-

ka Street. How to arrange 

the logistics for cars to 

be charged? Common 

sense suggests that the 

best way to get to the car 

with an empty battery 

is to use… a car with a 

full battery! Calculations 

seem to corroborate this hypothesis - almost a half of the charged cars are 

made available for renting within 50 metres of an unavailable car.

Let’s look at recorded 

drives. Who managed 

to travel the longest 

distance from the start? 

Already on the first 

night somebody drove 

straight from Wroclaw 

to … Wałbrzych. At the 

distance of over 80 km 

they were down to a 6% 

battery charge. The car 

returned to Wroclaw on 

the same day, most likely 

on a platform trailer.

Who else embarked on a trip from which they 
returned to the start point?

The record holder drove from Wroclaw to Brzeg - more 

than 40 km one way, travel time 147 minutes, consumption 

of 73% battery life. There were also trips to Oleśnica, Kąty 

Wrocławskie, Jelcz-Laskowice and Oborniki Śląskie.

Many Vozilla users exceeded the speed limit.

I searched for the longest distance travelled in 5 minutes - in most cases the 

speed records were broken on the Wroclaw Motorway Ring Road. 

Here is an example of the route where the distance of 12 km from the Municipal 

Stadium to the Wroclaw-South node was travelled in 5 minutes (144 km/h). 

Higher speeds were achieved on shorter distances, but in such case we need a 

position record with a higher frequency or a guaranteed interval. 



_ Range of electric cars.

According to the manufacturer, a Nissan Leaf with a 30kWh battery will 

travel from 100 km (winter, city driving in traffic jams, heating on) to 200 km 

(recreational driving in the springtime, heating and AC off, 60 km/h). The 

battery charge status and estimated range are presented in the car on the 

display and in the online service and Vozilla app. Let us take a closer look at 

the relationship between these two values. 

There are many incorrect readings in which a full battery gives a prediction 

range close to zero. After breaking down into statuses, it turns out that it is 

mainly the “unavailable” status that is responsible for such disturbances. 

A small explanation - there is also the “RETURNED” status but it has been omit-

ted in the paper; it occurred slightly over 100 times in the first month and it is 

rather difficult to connect it up to the end users’ actions. 

We skip unavailable cars. There are still too many points, so let’s try a larger 

sample and a 2D density map. 



It is much better now. The “main sequence” with practically a linear relationship 

can clearly be seen: a fully charged Leaf can travel about 150 km.

_ Temperature vs range.

How does temperature affect the range of Vozilla cars?

Electric cars are particularly sensitive to 
subfreezing temperatures

- the cell capacity drops, a part of the energy is used for heating the cells as well 

the cabin, steering wheel and the seats. Short distances favour the maximum 

heater settings.

Let’s start with the data from the Institute of Meteorology and 

Water Management, where we find CSV files with archival 

measurements at weather stations all over the country. Large 

temperature differences between February and April 2017 

allowed us to compare the behaviour of vehicles at tempera-

tures lower than -12ºC and higher than 25ºC.

Let’s then take the same number of samples from the top and bottom temperature interval and 
place them on one chart:



The visualisation indicates that in the “main sequence” the red colour is placed 

slightly higher. However, it is evident that wrong range forecasts (estimated zero 

range) will disturb the analysis, so they will be removed in the next step.

Clear differences can be seen on the chart, however we cannot 

be sure that it is the temperature that is responsible for the 

lower range forecasts. Why?

The highest temperatures were recorded at midday, and the lowest at night - 

perhaps a car unused for many hours lowers the estimates, taking into account 

the battery self-discharge. The extreme temperatures were two months apart 

- maybe the forecasts are different for new cars recently added to the fleet than 

for cars with a few or dozen weeks in service? To eliminate the impact of these 

variables, we would need data from a longer period, preferably a few seasons

_ Reconstruction of missing data.

As already mentioned, after the 5th of December the collected 
data include only the available and reserved cars. A rented or 
serviced car disappears from the API. For further analysis we 
need to develop a method of reconstructing the missing data. 
Of course, we will not reconstruct the car’s location but we can 
try to guess what happened to it. 

In the first step, the minute-wise observations of the entire fleet 

are converted to observations of events for each car separate-

ly. Example: 600 minute-wise observations of a single car can 

translate into four successive events: waiting (200 minutes), 

reservation (15 minutes), renting (45 minutes), and again 

waiting (300 minutes). In practice, 30.5 million observations 

translated into 476 thousand events.

Then, the calculated variables (e.g. charging duration or change of battery 

charge in percent) are added to the data model describing a single event. 

There are also data that describe the vehicle location and status at the be-

ginning and the end of an event. 

In the penultimate step, the reconstructed items that corre-

spond to the “holes” in the observation data are added to the 

list of events read from the source data. Only the type (status) 

of these events remains unknown.

The event type was reconstructed using the heuristics developed with the Fast-

and-Frugal Decision Trees algorithm from FFTrees package. . The training data 

included the November set of records concerning the renting and servicing of 

the whole fleet. The result of the algorithm application is a decision tree, which 

in this particular case looks like this:



The developed algorithm is simple - the servicing takes place when an event lasts 

longer than 54 minutes or the battery level increases by more than 2 percentage 

points. The achieved heuristics accuracy is 92% which could seem relatively 

low if not for the observed disturbance in the source data - they include e.g. rent-

ing a car for a few days, or servicing a car for a week without charging the bat-

tery. Unfortunately, only the service operator knows about events such as fender 

benders and repairs; no information about these events can be found in the API.

How accurately did we reconstruct the renting data? We know we did pretty 

well - in early March of 2018 Vozilla published the statistics for the first four 

months of the rental operation: 

 — 80 thousand renting events (73 thousand in our calcula-

tions); 

 — almost 1.3 million rented minutes (1.5 million in our cal-

culations, but after subtracting abnormally long “renting 

events” in the first month, we hit the spot); 

 — the average renting duration according to Vozilla is 16 min-

utes, exactly the median in our calculations. 

Thus, we have confirmed that the   

accepted methodology performed well

and the obtained results should not deviate from actual values by more than 10%.

_ Statistics from reconstructed data.

Using the algorithm described above we are finally able to 
estimate the number of renting events from November 2017 to 
February 2018. The number of daily renting events (in minutes) 
is as follows:

In the first month, the price for renting a car was PLN 0.50 per minute; the record 

result was an effect of a lot of people willing to drive an electric vehicle. Since 

December, the price has increased to PLN 0.75 per minute, and the traffic fell by 

half. Since the beginning of 2018, the number of loans has been growing, although 

in March the price increased to 0.90 PLN per minute.



Renting events in minutes per one fleet car:

Number of renting events per one car available on a given day:

Renting events per the number of fleet cars:

_ Other statistics.

How often do we book a car before renting it? 
In a majority of cases. About three quarters of reservations 
result in renting.

How long does a typical reservation last?  

The median is nine minutes, but the modal value is a 15-minute reservation that 

“keeps” the car in one place.

Reservations longer than 15 minutes should not be possible; perhaps the chart 

shows an effect of a quick release and repeated reservation of the car (values 

equal to or greater than 30 minutes have been totalled in the chart).



Does a reservation that lasts for the maximum time end in a rental? In fact, it does not  

The majority of long reservations are cancelled

How many reservations of a given duration are cancelled? In the case of 

one-minutes the reason may be problems with the application which some-

times booked a car different than the one expected. In two thirds of cases the 

longest renting events (the last column is “reservations lasting 15 minutes or 

longer”) involve the keeping of the car for later.

Are weekend renting events different in 
any way?

Slightly. At weekends there is no surge at around 08:00 but the rush hour starts 

at about 15:00. 

What time of the day are the cars 
usually rented? 

Between 17:00 and 20:00 hours.



Renting events per day of the week: Friday night is a bright as a light bulb; on 

Saturdays and Sundays we sleep two hours longer.

How long does a typical renting event last?

The median is 16 minutes, the mean is 19 minutes (renting 

events over 10 hours were filtered out; renting events between 2 

and 10 hours have been totalled in the chart).

Does the renting event duration depend on the time of day?



The duration by days of the week is the same    

on weekends we drive slightly shorter during 
rush hour

What is the reason for this - shorter distances or less traffic?

The straight line distance from start to finish (end of renting). Vozilla claims that 

the average travelled distance is 7 km; our result is lowered by drivers who make 

a loop and come back near the starting point. The communication layout of the 

city intersected by rivers and canals also has an impact

Distance vs time of day

The same as above, but broken down into weekdays and weekends. 

Note that the distribution of distances travelled on weekend afternoons does 

not differ from weekdays, hence the conclusion that is the traffic that is respon-

sible for shorter drive times on weekends.



Distance vs travel time:

The afternoon and evening demand results in a gradual with-

drawal of cars from the traffic; the queue to charging is handled 

until the morning. 

Late morning is the time of balance.

What is the battery level when cars are removed from traffic 

and when they are reintroduced for renting?

The median is 28% and 90%, respectively.



What about the fender benders involving Vozilla cars on 10 November and 18 

December that were described in the papers? They are marked in red; blue lines 

denote the cars that were not rented in April.

Finally, let’s see how the Nissan e-NV200 vans are doing. They debuted in the 
Vozilla network in February 2018. The number of renting events per one vehicle 
of a given type on a given day indicates that the vans are a long way behind the 
Leafs.

Perhaps, the vans make up for it with longer renting time? Alas, their average 

usage is lower than that of the passenger cars.

_ What are Vozilla’s revenues?

Please be careful with our estimates, they might be erroneous 
for three important reasons:

 — our attempts to discriminate between renting events and 

servicing are not always successful (the number of renting 

events is lowered);

 — the driver has a few free minutes to prepare the car for 

driving (revenues are inflated);

 — the fee during reservation and stoppage is only PLN 0.10 

per minute; the share of stoppages in longer renting events 

is unknown (revenues are again inflated). 

In the first months, a record-breaking number of people tried the Vozilla 

electric cars. 

Undoubtedly, it was influenced by the price that was reduced by half relative 

to the announced regular rate. Daily gross revenues reached a historical nadir 

around Christmas 2017, but have been steadily growing ever since.



The number of vehicles in the fleet grew more than twofold over the studied period

What were the revenues per single 
vehicle? 

According to our estimates, in early 2017/late 2018 they dropped to below PLN 

50 per day. The mean value has been steadily growing for four months, reaching 

an average level of 75 PLN per day.

 _ Addendum 1
Dashboard

The so-called dashboard, that is a graphical visualisation of 

the critical parameters describing the network status, is a 

useful tool in fleet management systems. A few large screens 

on the wall display concise information that help the dispatcher 

make correct decisions. The following mock-ups developed by 

the PGS Software’s design team could be the first stage of works 

on such a visualisation.

The basic information describing the current state is the number of available, 

booked, rented and unavailable cars (the last item can be optionally broken 

down into cars for battery charging and cars in servicing)



A separate screen can be, for instance, the 
city map showing the cars locations

although with 200 cars a legible representation of all of them at the 

same time may be quite a challenge.

However, forecasts based on historical data and current parameters, present-

ed many hours in advance, may be of much more value. Here is the information 

that might be presented visually or descriptively:

 — the percentage of the daily or weekly plan that can be 

achieved at the current renting rate;

 — the maximum achievable revenue, assuming the maximum 

utilisation of all the charging stations;

 — cars availably reduction (and hence declining revenues) 

at the reduced number of man hours spent on servicing 

(transport of cars to charging and from charging);

 — how to line up the cars for transport in order to maximise 

the fleet utilisation (with optional transport of many drivers 

together, taking into account travel time in the city, occu-

pancy of charging stations, variable labour costs, demand 

variations, etc.);

 — the level to which the batteries should be charged in order 

to maximise the fleet utilisation according to the forecasted 

demand. 

Optimisation algorithms could adjust these forecasts and recommendations on 

a current basis. The range of input data could be widened to include e.g. location 

of popular sports or cultural events - putting a few dozen cars near the Municipal 

Stadium (6 km away from the city centre) would guarantee the full utilisation of 

these cars on routes longer than average



How to transport Vozilla cars cheaply 
and effectively?  

An answer might be a reverse auction - offering a discount to users for driving 

a car parked in a remote place. If experience indicates that a charged car will 

spend over X hours there, and the lost revenues from driving the car in the 

downtown area amount to PLN Y, the operator might find it profitable even to 

pay end users to drive the cars to the high-demand area.

When the cloud failed, I took a profiler and started to optimise the existing code. 

This worked better than expected  -  

the processing time was cut more than 
tenfold.

The first step in the right direction was to combine the JSON files so that the 

whole daily record was in a single file. The R language parser performed much 

 _ Addendum 2 
Cloud computing

The first version of the data processing scripts was very slow - the import and 

pre-processing of the four-month data took more than 14 hours on a typical com-

puter (CPU i5-4570, 3.20 GHz, 4 cores, 16 GB RAM, SSD). The processed set of data 

could be of course saved and loaded on demand, however iterative improvement 

and procedures testing was very difficult.

The second version used multithreading. As a result of dividing the tasks to a few 

processor’s processing units, the processing time was reduced more than twofold, 

but still was unacceptably long.

Currently, the most popular approach to solving this problem 

is to transfer the task to cloud computing (Amazon Web 

Services (AWS), Microsoft Azure and Google Cloud Platform)

Amazon Web Services was most popular among the PGS Software team. As 

these words are being written, we have collected more than half a thousand 

accreditations and more than one hundred AWS certificates. In this particular 

case I decided to use Azure, as Microsoft has been investing in the R language for 

many years, and Microsoft’s cloud offers ready-to-use iteration services for this 

environment. 

I ran the tests using the doAzureParallel package for distributed computing in a 

cluster of virtual machines operating in Azure Batch (an environment for batch 

data processing, with such convenient features as automatic scaling dependant 

on task size). All that is needed to set up the computing cluster is a dozen clicks 

and the editing of one configuration file. 

An attempt to divide the task to a dozen or a few dozen cloud computers did not 

however bring the expected benefits because first we needed to send a dozen 

gigabytes of data to the cloud and then make sure that the relevant files were 

decompressed on the corresponding machines belonging to the cluster. This is 

not particularly difficult, but is beyond the capabilities of the doAzureParallel 

package, so we lose the elegance of a solution based solely on the R platform. 

First of all, as a result of the transfer and decompression of such number of 

files, a single running of the task in the cloud does not bring actual time savings. 

The situation would be entirely different if the cluster was used for recurring 

calculations, then we could expect an acceleration proportional to the number of 

machines.



better during the loading and parsing of one big file than a thousand tiny ones. 

The profiler also showed the code line responsible for 75% of the later process-

ing time. Finally, the loading of data collected over the span of six months on a 

single machine took just over 15 minutes, whereas, its subsequent processing 

took about 2 hours.

We could use cloud computing to build and maintain the dash-

board described in Addendum 1. Stream information process-

ing, a data bus connecting individual components, automatic 

scaling depending on needs at a given moment - in all these 

cases AWS and Azure provide ready-to-use blocks to build 

reliable, fast and cost-effective solutions.

 _ Addendum 3 
Verifying our results

If you wish to conduct your own experiments on Vozilla data, you can find the 

following files on the PGS Software GitHub:

 — VozillaJSON.7z - 252 thousand “minute” JSON files in 176 

catalogues, 13.7 GB after decompression 

 — VozillaJSON_BIG.7z - 176 daily JSON files, 13.7 GB after 

decompression

 — R scripts for landing, parsing and visualizing data

 — R workspace with parsed data
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