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THE INDUSTRIAL REVOLUTION OF OUR AGE: THE OPPORTUNITIES
IN THE ELECTRIFICATION OF PUBLIC TRANSPORT BUSES

VINCE KRUCHINA!

Abstract: For operators of public transport companies the increasing use of battery electric buses for
their services is not only motivated by the need to support the green transition or to reduce general
noise levels: purely economic considerations also justify the need for a technological shift. Volanbusz
Zrt., which has the most significant bus fleet in Hungary, carried out a large series of tests and
measurements in order to prove the efficiency of electrification and its environmental sustainability
and energy advantages with reliable economic calculations based on its own data sources. The article
presents the data and calculations that form the basis of the analysis in detail. Taking all of this into
account, it can be stated that electrification can revolutionize the operating model of the company,
which has a great impact on supply chain management that is more sustainable than before.
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1. INTRODUCTION
“Thanks to advances in technology, in 2023 the introduction of electric buses in public

transport is nowadays no longer an engineer’s fantasy dreamed up on the drawing board,
but an accomplished reality” [1].

Figure 1. In 2022, Volanbusz Zrt. introduced lkarus 120e electric buses in the local traffic of
Székesfehérvar, Source: Volanbusz Zrt.

Operators of public transport bus services around the world (from Shenzhen to Philadelphia
and from Izmir to Delhi) are increasingly using electric buses. Their choice is not only
motivated by the need to support the green transition or to reduce general noise levels:
purely economic considerations also justify the need for a technological shift. This is
particularly true where energy demand is extremely import-intensive. The energy crisis of
recent years has highlighted the apparently clichéd — but all the more crucial — observation
that a country can be economically successful and stable if it can supply its own energy
needs and adapt its economic structure to reduce the level of its energy imports as much as
possible.
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The revolution in battery technology emerging at the dawn of the 21st century is
fundamentally transforming the manufacture of cars and buses. Electrification can
significantly reduce the need for energy imports in countries which — like our own — have
extremely limited fossil fuel resources, and it can also increase such countries’ economic
stability and independence [2].

2. ECONOMIC COMPARISON OF BUSES WITH DIFFERENT DRIVETRAINS

The comparison of the buses operating with different drivetrains that make up the vehicle
fleet can be done on the basis of the total lifetime cost. The financial estimate intended to
help buyers and owners determine the direct and indirect costs of a product or service is
called total cost of ownership (TCO). A TCO analysis includes total cost of acquisition and
operating costs, as well as costs related to replacement or upgrades at the end of the life
cycle. A TCO analysis is used to gauge the viability of any capital investment. Capital
expenditures (CAPEX) are a company's major, long-term expenses while operating
expenses (OPEX) are a company's day-to-day expenses [3].

Fig. 2 shows a comparison that compares the TCO of electric buses with diesel buses as
a function of travel distances.
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Figure 2. TCO comparison for e-buses and diesel buses
(Source: Bloomberg New Energy Finance) [4]

Since the publication of the report [4] in 2018, the TCO of electric buses has improved
significantly. Continuous monitoring of TCO is facilitated by tests and measurements
carried out at Volanbusz Zrt.

3. TESTING AND MEASUREMENTS

As confirmed by the tests and measurements carried out at Volanbusz Zrt., economic
calculations and operational efficiency considerations play an increasingly important role in
the adoption of electric buses. Our company’s electric bus test periods in recent years have
provided us with indispensable experiences and lessons that will allow us to continue the
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task of building with the necessary courage. Based on the analysis of the test
measurements, | think it is important to highlight the following findings:

1.

In 2022 the power consumption of the electric buses used by Volanbusz Zrt. was
about 1 kWh/km, with a minimal increase in winter (+0.3 kWh) and a decrease in
summer (-0.2 kWh).

From the consumption data it follows that, depending on the size of the battery
pack used to store the electrical energy, a bus can reliably cover a daily distance of
300 km (for an electric bus, a battery capacity of 320-350 kWh is completely
normal).

With fast-charging capability, a 300-kwWh battery can be fully charged in about
two hours, ensuring the rapid availability and turnaround of each electric bus.

For Volanbusz Zrt., a daily range of 300 km means that nearly one sixth of the
current fleet (about 1,000 buses) could be replaced by electric buses.

In terms of maintenance costs, experience of the operation of trolleybuses
indicates that the operating costs of electric buses are one third of those of diesel
buses; electric buses have low OPEX, but high CAPEX [5].

The price of batteries is continuously falling, while their lifespan is continuously
rising: in 2022 some manufacturers were already offering an eight-year full
warranty (Fig. 3) [6].

Another advantage of the substitution of diesel by electricity is that the latter’s
potential for generating its own electrical power makes it significantly cheaper
than diesel — and indeed almost free. Even without its own generating capability,
one can expect significant long-term reductions in the price of electricity relative
to diesel fuel.

Finally, from an operational point of view, the potential for the efficient
production of electricity at company level and national level is particularly
important for VVolanbusz Zrt., and also — due to the size of the company — for the
national economy. In the long term, this can ensure security of supply and reduce
energy imports.
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Figure 3. Development of lithium-ion battery costs [5]

Fig. 4 shows that for bus services operating in “standard” time periods the best option is
advanced, fuel-efficient, low-emission diesel buses. Meanwhile during “peak” periods
(over distances of less than 300 km per day), electric buses can provide the perfect solution.
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Figure 4. Effective solutions for the different time periods

The latter can even be charged from solar panels at certain times of the day in “valley”
periods, weather permitting. As shown in the figure above, charging outside the valley and
peak periods can also lead to further savings, with the cost of charging electric buses at
night being possibly even more economical.

The data in Fig. 5 shows that — during both daytime and night-time periods — the cost of
electricity is significantly less than that of diesel or natural gas. It can also be seen that,
from an operational point of view (OPEX), taking into account both fuel and maintenance
costs, electric buses are much more economical to operate than their diesel or compressed
natural gas counterparts.

December 2022 (HUF/kilometer)
300

250
200

150 1 :
278,5
100 1 : 1822 2089
157,3

50 I 1093 044

in city operation, based on prices of December 2022 in suburban operation, based on prices of
December 2022

B Diesel ®BCNG Electric Off-peak electric

Figure 5. The cost of fuel types



The industrial revolution of our age: the opportunities in the electrification of ... 25

4. TECHNOLOGICAL CHANGE AND RE-EVALUATION OF BUS OPERATORS’
CLASSIC ROLE

Given the significant size of the fleet and the considerations outlined above, the question
arises as to whether Volanbusz Zrt. could be more than simply a public transport operator.
Taking into account today’s technological advances and our company’s vehicle operating
practices, from the above figures it can be seen that with 1,000 electric buses and a battery
capacity of 300 kwWh per bus, the daily electricity demand of the total electric bus fleet
would be 300 MWh. The scale of this could also revolutionise our operations: with this
level of storage capacity, further business opportunities would open up. On the one hand,
we could become a community service provider, intermittently supplying balancing power
to the Hungarian electricity transmission system operator MAVIR (Vehicle-to-grid, or
V2G) or a virtual power plant service for the operators of photovoltaic power plants. Our
bus company could also become a stand-alone generator with independent generating
capacity, which could sell its surplus capacity on the market — possibly also to the public.
(There would be the potential to sell electricity to the owners of electric cars at charging
stations set up at the more than sixty sites across the country belonging to Volanbusz Zrt.)
Last but not least, there is a further business opportunity in the circular economy, with
batteries with reduced but still usable capacity being resold as uninterruptible power
sources for storage or other secondary uses (Fig. 6).
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The technological change outlined in this article and the re-evaluation of bus operators’
classic role could be facilitated by synthesising the contributions of the major Hungarian-
owned bus manufacturers present on the domestic market, battery manufacturers which
have arrived more recently, and the professional and operational experience of Volanbusz
Zrt. — which is unique in both domestic and international terms. Using these three pillars, in
my view rapid changes in technology now make it possible to create a new operational
structure — a new business model — for public transport bus services, while at the same time
taking into account the specific geographical characteristics of our country (the potential for
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development of solar parks and geothermal power plant capacities, as well as a lack of
fossil fuels). In this new structure the bus company can — in addition to its activities as a
transport operator — perform energy trading and production tasks, and thus become a
catalyst for the electric bus industry.

5. CONCLUSIONS

Global changes and emerging technological trends in the world, as well as the depletion of
fossil energy sources, present new challenges for public transport companies as well.
Operators of public transport bus services around the world are increasingly using electric
buses. The revolution in battery technology is fundamentally transforming the manufacture
of cars and buses. Electrification can significantly reduce the need for energy imports in
countries have extremely limited fossil fuel resources.

As confirmed by the tests and measurements carried out at Volanbusz Zrt., economic
calculations and operational efficiency considerations play an increasingly important role in
the adoption of electric buses. All this confirms the conclusion that the technological
change and the reinterpretation of the classic role of the transport service provider is not
only possible, but an urgent task.
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