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Abstract

The aim of this paper is to provide an overview about the efforts of the management board of the Automotive Proving Ground in
Zalaegerszeg to decrease carbon effects, which is in a close relation with the project level sustainability opportunities of this special
investment. Based on the research work we have done, solutions were proposed to achieve the vision of "net zero (or negative)
emissions" of this project. In the investigations concerning the test track, system boundaries were defined such that all relevant
facilities and processes operating were considered. In emissions calculations, we have employed the procedure outlined by the GHG
Protocol for 3 scopes and the employed methodology relied heavily on the related standard. For the calculations, the definition and
collection of input data types was the first step. Then the assessment has been conducted by taking into consideration the geometric
shape of test platforms, anticipated vehicle loading of track elements, typical distance-speed diagrams, as well as the utilized vehicle
types (passenger cars, trucks and buses). We calculated CO-equivalent emissions from gasoline and diesel fuel consumptions (from
the product of fuel demand and conversion factors), using "Tank-to-Wheels" and "Well-to-Wheels" approaches. Based on the emission
calculations carbon offsetting opportunities were analyzed to assume the effect of CO, emissions reduction and capture: forestation
and green surface development; energy crop plantation and heat generation; establishment of a photovoltaic (PV) farm (electricity
production). We have shown the main characteristics of the 3 main options and their advantages and disadvantages.
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1 Introduction

The Automotive Proving Ground in Zalaegerszeg (APZ)
is a unique investment in Hungary consisting of various
research, development and innovation infrastructure ele-
ments. The proving ground provides not only test facilities
for conventional vehicles, but it allows validation testing
of autonomous and electric vehicles, as well.

This research conducted was primarily concerned with
the institutional requirements of sustainability of the test
track. In particular, the mitigation of greenhouse gas emis-
sions, considered to be the root cause of climatic changes,
was treated as having a crucial role among sustainability
objectives (see also in Transport & Environment, 2018). Not
only the nation-wide assessment of long term carbon effects
of transport activities are important (Torok et al, 2017), our
research objective is interlinked with the vision of "net zero
(or negative) emissions" of this project on a corporate level.

2 Methodology
In the investigations concerning this test track, system bound-
aries are defined such that all relevant facilities and processes
operating are considered, regardless of their full or partial
ownership or operation by the organization. In emissions cal-
culations, we have employed the procedure outlined by the
GHG Protocol (WBCSD and WRI, 2004). This protocol pro-
poses the following steps for conducting the investigations:
* Scope 1: Direct GHG emissions occur from sources
that are owned or controlled by the company.
* Scope 2: indirect GHG emissions (e.g., purchased
electricity consumed)
* Scope 3: other indirect GHG emissions (e.g., all other
purchased materials, including fuels)

The employed methodology relies heavily on the stan-
dard MSZ EN 16258:2013 titled "Methodology for calcu-
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lation and declaration of energy consumption and GHG
emissions of transport services (freight and passengers)"
(MSZT, 2013).
For the calculations, the definition and collection of input
data types was necessary. These can be grouped as follows:
* Input data related to the operation of vehicles and
transportation:
1. definition of tested vehicle types,
2. main technological parameters of engines,
3. fuel consumption by vehicle type.
» Input data required for the calculation of emissions
from buildings and service facilities are the following:
1. electricity consumption of buildings (lighting,
operation of electrical systems),
2. heating and cooling energy consumption of
buildings,
3. water consumption.

The assessment has been conducted by taking into con-
sideration the geometric shape of test platforms, antic-
ipated vehicle loading of track elements, typical dis-
tance-speed diagrams, as well as the utilized vehicle types
(passenger cars, trucks and buses). Estimation of CO,
equivalent emissions from gasoline and diesel fuels was
performed using conversion factors, employing the Tank-
to-Wheels and Well-to-Wheels approach, using daily and
annual figures. As testing is to be performed based on the
specific requirements of the manufacturers, at this stage,
preliminary data estimates of planned tests are available.
During the investigation phase, real fuel consumption
measurements of test vehicles were not available, that is
why the following estimation approach was adopted in
carrying out the calculations:

1. Mileage and specific fuel consumption determined by
vehicle type; specific fuel consumption values were
determined based on speed profiles and the scaling
of three consumption types (normal, high, extraordi-
nary), validated by real test consumption data.

2. Daily fuel demand was calculated.

3. Conversion factors were used in both Tank-to-
Wheels and Well-to-Wheels approaches.

4. Emission estimations were aggregated daily and
annually, using both the Tank-to-Wheels and Well-
to-Wheels approaches, considering 160 days of oper-
ation annually, with tests peaking out by 2025.

The main geometric characteristics of the test platforms,
as well as the anticipated vehicle loads of track elements are

Palvolgyi et al. | 1 29
Period. Polytech. Transp. Eng., 50(2), pp. 128-135, 2022

presented in Tables 1 and 2, respectively. The complexity
of track elements is also indicated (e.g., the vehicle dynam-
ics platform consists of an accelerating lane and a circular
test track, the braking platform consists of an accelerating
lane and parallel track sections). Maximum testing speeds
fall within the range of 50 km/h to 200 km/h, depending
on the nature of the test, the track platform geometry and
structural characteristics. Maximum testing capacity is
within the range of 10 vehicles per hour to 200 vehicles
per hour, with a safe operating capacity of 5-25%. Vehicle
numbers refer to all vehicle categories combined.

Table 1 Main characteristics of test platforms (dimensions, length,
layout) (data provided by APZ)

Characteristics of test platforms

Test el t . .
estelements (dimensions, length, layout)

Description m Total
Dynamic Platform (DP) Accelerating 700 1000
section (length)
Round section 300

(diameter)
Braking Platform (BP) Accelerating lane 700 900
Parallel sections 200

Handling Course

(High Speed) (HCHS) High speed section 2000 2000

Handling Course Low speed section 1000 1000

(Low Speed) (HCLS)

Urban testing environment Urban links 3000 3000
Rural Road (RR) 5000
Road in "bad condition" 150-200 200
Ramp 400
High Speed Oval (HSO) 4400

track platform

Table 2 Main traffic characteristics of test platforms (maximum speed,
capacity, capacity use) (data provided by APZ)

Test elements Max. testing Max. capacity
speed (km/h) (vehicle/hour)
Dynamic Platform (DP) 150 30
Braking Platform (BP) 100 50
Handling Course
(High Speed) (HCHS) 120 100
Handling Course
(Low Speed) (HCLS) 60 100
Urban testing environment 60 50
Rural Road (RR) 100 200
Road in "bad condition" 100 100
Ramp 50 100
High Speed Oval (HSO) 200 10

track platform
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Test platforms operate for ten hours daily, thus, total
daily vehicle numbers amount to tenfold the average hourly
load figures.

It is expected that the distance-speed diagrams of the
tests performed on the various track sections provide valu-
able input for calculations. The distance-speed diagrams
for three test platforms are presented in Fig. 1, and a gen-
eral description of the speed profiles of the other platforms
are the follows:

* Handling Course (HCHS and HCLS): racetrack-style

profile for 50 to 140 km/h for light vehicles, or 40 to
90 km/h for heavy vehicles;

e Urban testing environment: normal urban speed

profile;

* Rural Road (RR); "Poor conditioned" road and ramp:

normal speed profile for rural roads.
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Fig. 1 Distance-speed diagrams (data provided by APZ)

As specific fuel consumption and emissions are different
for petrol and diesel vehicles, these two fuel types should
be treated separately from each other. The proportion of
use by vehicle category is demonstrated in Table 3. These
figures have been complemented by the share of diesel pas-
senger cars (based on figures from the Hungarian Central
Statistical Office, (HSO, 2018)), some 32% of newly reg-
istered road legal passenger cars were diesel-powered).
From this, the total share of diesel and gasoline vehicles
can now be estimated (supposing that trucks and buses are
100% diesel-powered). At the current stage, the emissions
of the 5% share of hybrid and electric vehicles was ignored.
However, in a longer term the share of electric vehicles
will rapidly increase in Hungary (ITM, 2019) that is why
the calculation of the carbon effects of such test vehicles
should be the subject of another research

3 Results and primary conclusions of the emission
calculations by vehicle categories

Calculations were performed based on the methodology
and input data stated previously, by first estimating the
aggregate daily displacement. This was calculated by tak-
ing the product of the length of the test platform, the antici-
pated traffic volume at peak testing capacity, and ten hours
of daily operations. Aggregate daily displacement figures
for each test platform are shown in Table 4.

Test operating cycles were split into three main consump-
tion categories (normal, high and extraordinary), and the
percentage share of each category, with specific fuel con-
sumption values, was determined. This has enabled the use
of the appropriate approximations for each type of testing.
The consumption categories employed are the following:

* normal consumption: normal, steady driving on rural

or urban road speeds;

* high consumption: multiple accelerations and higher

speeds;

» extraordinary: many accelerations, extremely high

speeds or congested urban driving.

Table 3 Share of propulsion type by vehicle category (own calculations)

Fuel share Fuel share
Category Share 0. (100%: total
(100%: category) vehicles)
Diesel Gasoline Diesel Gasoline
Car 75% 32% 68% 24% 51%
Heavy duty o o
vehicle (truck) 15%  100%
Bus 5% 100%
Hybrid, 5% not taken into consideration

electric vehicle




Table 4 Aggregate displacement and weighted fuel consumption

figures by vehicle category (own calculations)
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Table 5 Transportation fuels: density, energy factors and GHG emission
factors (based on MSZ EN 16258:2013 Table A1 (MSZT, 2013))

Test elements Total Consumption
distance Car Truck, bus
Vehicle- Diesel Gasoline Diesel
km/day  (I/100 km) (1/100 km)  (1/100 km)
Dynamic
Platform (DP) 123.15 21.00 25.20 105.00
Braking
Platform (BP) 190.00 21.00 25.20 105.00
Handling
Course (High 380.00 9.00 10.80 42.50
Speed) (HCHS)
Handling
Course (Low 380.00 7.00 8.40 37.50
Speed) (HCLS)
Urban testing 5, o 8.50 10.20 45.00
environment
Rural Road
(RR) 2000.00 8.00 9.60 31.25
Roadin = 449 8.00 9.60 35.00
bad condition
Ramp 40.00 9.00 10.80 42.50
High Speed
Oval (HSO) 88.00 10.50 12.60 47.50
track platform
Total 3351.15

By weighting the operating cycle values according to
the share of the consumption type, a table displaying rela-
tive fuel consumption per 100 kilometers of displacement
may be drawn up. These values are well in line with the
empirical data obtained during real-life test operations.

Fuel demand for test operations by test platform ele-
ment may be calculated from the total displacement, spe-
cific consumption figures and the diesel-to-petrol ratio.
Total daily fuel consumption is estimated to be 547.5 liters.

Using the results of fuel demand calculations, emis-
sions can be estimated. For this, conversion factors will
be employed as per the standard MSZ EN 16258:2013
(MSZT, 2013), see Table 5.

We calculated CO,-equivalent emissions from gaso-
line and diesel fuel consumption (from the product of fuel
demand and conversion factors), using both approaches.
Annual aggregate emission figures are obtained by multi-
plying daily figures by 160 operating days.

Using the "Tank-to-Wheels" approach, aggregate CO,-
equivalent emissions of the test track amount to 226.2 met-
ric tons per annum. Similarly, using the "Well-to-Wheels"
approach, aggregate CO,-equivalent emissions of the test
track amount to 272.7 metric tons per annum. According

Type of fuel ~ Density Energy factor
Tank-to-wheels Well-to-wheels
[keg/1] [kgCO, /1]
Gasoline 0.745 43.2 322 50.5 377
Diesel 0.832 43.1 359 51.3 427
GHG emission factor
Tank-to-wheels Well-to-wheels
[keg/1] [kgCO, /1]
Gasoline 0.745 3.25 242 3.86 2.88
Diesel 0.832 3.21 2.67 3.90 3.24

to the methodology chosen for this research and taking
into consideration that measurements of real fuel con-
sumptions are not available, the estimation of emissions
by "Tank-to-Wheels" approach is relevant and can provide
basic data for further investigations of carbon offsetting.
Results from this approach, for each of the test platforms,
are demonstrated in Fig. 2 below. Extremely high values
are highlighted in dark gray, primarily caused by great
vehicle numbers and long distances on rural road stretches.
However, it is predicted that this module will be the most
crucial one in testing self-driving, autonomous vehicles.

4 Opportunities for carbon offsetting

Carbon offsetting provides an important opportunity for
the practical implementation of carbon footprint calcula-
tions. In these, activities to the effect of CO, emissions
reduction and capture are analyzed, whereby, under ideal
circumstances, if properly scaled, these activities will
counterbalance all of the CO, emissions of this test track.
In planning such carbon offsetting, the following princi-
ples should be followed:

Rural road (RR) 07.72
Braking platforms (BP) 30.59

Handling Course (HCHS) 26.75

Urban testing environment 20.19

Dynamic Platform (DP) 19.83]

Handling Course (HCLS) 11.16
High Speed Oval (HSO) track 6.71

Ramp 2.67

Road in "bad condition" 0.57

0 20 40 60 80 100 120

Fig. 2 Annual emissions by test platform, "Tank-to-Wheels" approach

(metric tons CO, /year) (own calculations)
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» Calculation of the carbon footprint of the test track
must include all emission sources (and thus not
only the test phase), in accordance with the Full
Lifecycle Concept of transport infrastructure proj-
ects (Dalton et al., 2017). This is the starting point in
each carbon footprint calculation that can be found
in the Commission recommendation (EU, 2013).
This implies that ancillary emissions ought to be esti-
mated also. Nevertheless, systemic boundaries must
be defined by the service performed by the test circuit;
only those emissions should be considered over which
the operator may exercise direct or indirect control.

» Offsetting strategies should not necessarily be
restricted to the geographic area of the proving
ground. Options, which could be realized on terrain
not connected to the test circuit itself, but which may
be realized through business plans (contractual agree-
ments) during the operation of the proving ground,
should be considered. This solution is widely used
(e.g. Oxytree, and numerous projects across Hungary
have similarly proven the feasibility of this concept).

* Attempts at CO, offsetting should be made compara-
ble. An appropriate means of achieving this is the cal-
culation of the decarbonization potential of the off-
setting options. Decarbonization potential is defined
as the mass of CO, sequestered or saved by a given
offsetting technique over an area of one hectare, with
the unit t{CO,]/ha/year.

Considering the experiences in Hungary, the endowment
of Zala County, and the opportunities of the proving ground,
the following three CO, offsetting options are evaluated:

1. CO, sequestration with forestation and green surface

development;

2. CO, offsetting by energy crop plantation and heat

generation;

3. CO, offsetting by the establishment of a photovoltaic

(PV) farm (electricity production).

4.1 CO, sequestration with forestation and green
surface development
The total land area of the planned facility amounts to
258.8 hectares, which has been previously used in agricul-
ture and forestry, the latter comprising 18 hectares in total.
The total green surface area amounts to some 182 hect-
ares. The task is to analyze the creation of such plant com-
munities which conform to the requirements of safe testing,
but equally contribute to the achievement of the sustainabil-
ity objectives.

Forests play a fundamental role in the global processes
of the biosphere, as well as in the shaping of local environ-
mental conditions.

Hungary is situated in the zone of deciduous forests
in the temperate climatic zone. Presently, the forestation
rate is 20.1% (HSO, online), whilst before human activi-
ties commenced, this rate was 84%. Presently, forests in
Hungary are net carbon absorbers, sequestering approxi-
mately 4 to 5 million tons of carbon dioxide annually.

Forestry is a multi-functional form of land use, which,
besides tackling crucial challenges in combating climate
change, satisfies a number of further requirements. These
include the protection of biodiversity, soil protection, pro-
vision of drinking water, supplying wood for timber or
energy, but also, the extension of particular social and rec-
reational functions. Hungary's National Forestry Strategy
(FM, 2016) posits that the living communities of forests
ought to be managed and used in such a way and to such
extent, that they remain functioning ecosystems.

Recognizing the environmental changes stemming
from resource overuse, the decline of biological diversity,
the increase of structural homogeneity and spatial reduc-
tions affecting forests, naturalness has become a crucial
factor in the approach towards forests.

In terms of yields, the greatest uncertainty is posed by
the local characteristics. The area in question within Zala
County does not provide optimal growth conditions for
the plantation of forests with greater environmental value,
but forestation with a mix of certain oaks is feasible.

Decarbonization calculations are based on the
CASMOFOR model (Somogyi, online). Essentially, this
model considers the growth (yield) and carbon content
of various tree species, giving the CO, sequestration per
hectare. Fig. 3 shows the growth of carbon sink capacities
of some key species.

....

==« esessile oak

= =beech

—acacia

15 17 19 21 23 25 27 29
years

Fig. 3 Estimated CO, emission’s savings by tree’s carbon sequestration



It is important to note that forests only reach their peak
decarbonization potential years after plantation, since
a recently-planted sapling can sequester less CO, than
a mature tree. Depending on the species, peak decarbon-
ization is reached at different times; acacias reach this peak
within approximately 10 years, but for numerous other, envi-
ronmentally more valuable species (e.g. beech, hornbeam
and oak) attaining their peak may take as long as 50 years.

4.2 CO, offsetting by energy crop plantation and
energy generation

The most significant advantage of using biomass for
energy generation is that it is possible to do so without
increasing atmospheric greenhouse gas concentrations.
This technology is "carbon-neutral", since only as much
carbon dioxide is generated as has been sequestered by the
plant during photosynthesis. The carbon dioxide emitted
during combustion will be once again sequestered during
the next growth cycle; photosynthesis drives this renewal.
Storage of solar energy occurs as chemical energy in
organic matter created during photosynthesis.

Climatic conditions in Hungary (predominantly winter
frosts and cold spells, but also spring droughts) foretell sig-
nificant uncertainties in yields of soft-stemmed biomass,
whilst with other species, such as Chinese silver grass,
plantation and investment costs are prohibitively high
(Ivelics, 2006).

Yield uncertainties of soft-stemmed energy crops
(grasses and reeds) pose a double investment risk if used
in a carbon-offset project (Ben Fradj and Jayet, 2018):

» on the one hand, should crops fail or underperform,
heat producers purchasing the biomass fuel must be
compensated for the failed supply, and they need to
source emergency fuel supplies from — presumably —
more expensive sources.

+ on the other hand, a lower yield means less CO,
sequestered, thus missing CO, reductions must be
covered from different sources (e.g., carbon trading),
leading to cost increases.

In light of the above, only woody energy crops will be
considered feasible for carbon sequestration.

Harvest uncertainties is virtually negligible, provided
appropriate techniques are used on the plantation. Minor
variations in the calorific values may be attributed to the
differences in dry mass.

Decarbonization calculations are performed using the
IPCC's default method. In essence, this means that
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» energy produced may be expressed as the product of
the yield and the calorific value;

it may be assumed that the energy generated is used
to replace natural gas, thus annually prevented CO,
emissions are calculated as the product of the emis-
sion coefficient of natural gas and the quantity of
energy produced.

4.3 CO, offsetting by the establishment of a
photovoltaic (PV) farm

Electricity generation using photovoltaics has experi-
enced stellar growth during the past years, with technol-
ogy costs plummeting as the primary driving force. The
International Energy Agency has predicted that PV tech-
nology will be a defining element in the future of sustain-
able energy provision by the 2020s.

Nevertheless, the integration potential of photovoltaic
systems into the electric grid is limited. This is partially
a consequence of the limited receptive capacity of the
grid, but a further obstacle is that systemic expedience is
not being considered in either the planning and implemen-
tation phase, or in the operating phase. (Kapros, 2017).

It is therefore proposed that CO, offsetting takes place
— at least in part — through the implementation of an inno-
vative and demonstrative model of an integrated photovol-
taic generator and battery park.

This would effectively make the proving ground a con-
sumer of solely renewable energy, whilst CO, offsetting
would be achieved simultaneously.

By assessing a number of PV projects implemented
across Hungary, the specific surface area required for
photovoltaic generation (energy production per hectare)
could be determined. Furthermore, based on extensive lit-
erature review, annual operating hours were determined,
using data on solar exposure, cloud cover and daily and
seasonal global radiation. Calculations are based on the
IPCC's methods, and the emission coefficient is taken to
be equivalent to the value published in Hungary's National
Inventory Report.

Based on the initial figures of Table 6, the decar-
bonization potential of the PV farm was calculated at
184.8 [CO, ]/year/hectare in average.

Table 6 Basic parameters used to design the PV farm (own calculations)

Specific land needs Occupancy hours Emission factor
Average + Average +
[MWr/ha] [h/year] [t CO/MWh]

0.48 15% 1100 10% 0.35
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5 Summary, conclusions

The CO, equivalent annual emissions of diesel and petrol
consumption were assessed (as a product of fuel demand
and conversion factors). It can be comprehensively deduced
that, by relying on the estimated data for test operations,
and based on the hypothetical, relative consumption and
diesel-petrol ratios, and using the conversion factors in the
standard, the annual aggregate CO, equivalent emissions
of the test track, using the "Tank-to-Wheels" approach
(vehicle movement) amount to 226.2 tons.

Carbon offsetting provides an important opportunity
for the practical implementation of carbon footprint calcu-
lations. Our estimation shows the long term carbon effect
of this unique investment and can be a good example for
further investigations.

Considering the experiences in Hungary, the endowment
of Zala County, and the opportunities of the proving ground,
the following three CO, offsetting options are evaluated:

» CO, sequestration with forestation and green surface

development;

* CO, offsetting by energy crop plantation and heat

generation;

* CO, offsetting by the establishment of a photovoltaic

(PV) farm (electricity production).

Based on the decarbonization paths, the most important

deductions are the following:

» Forestation and energy crop plantation exhibit no sig-
nificant difference in decarbonization potentials; the
prior falls within a range of 6 to 33 tons per year per
hectare, whilst the latter ranging from 11 to 30 tons
per year per hectare. However, energy crop planta-
tion comes with a number of disadvantages, which
are to be considered significant (e.g., creation of heat
energy demand, existing artificial fertilizer and pes-
ticide demand). These disadvantages are not coun-
terbalanced by the advantages, especially in com-
parison with the forestation approach. It is noted that
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