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SHORT COMMUNICATION

Effects of modern technology on broiler chicken performance and economic
indicators – a Hungarian case study

L�aszl�o Sz}oll}osi , Evelin B�eres and Istv�an Sz}ucs

Gazd�alkod�astudom�anyi Int�ezet, Gazdas�agtudom�anyi Kar, University of Debrecen, Debrecen, Hungary

ABSTRACT
The aim of the study is to present the effects of modern broiler production technology on per-
formance and economic indicators. Production and economic data of two broiler farms (new
and refurbished farm) of a Hungarian enterprise, both with different standards of technology,
were presented on a case study basis and the differences between them were examined. There
was no difference in, for example, day-old chickens, feed, litter, animal health, and expertise
only in the technical background of the farms. Mortality was 23% lower, total sold live body
weight (BW) per m2 was 10% higher, adjusted feed conversion ratio (FCR) at 2.6 kg BW was
6.5% higher and European Production Efficiency Factor (EPEF) was 11% more favourable on the
new farm than on the refurbished farm (p< .05). Moreover, the new farm is characterised by
much more balanced production indicators than its counterpart. While the refurbished farm pro-
vided an average net income of e5.1 per 100 kg live BW, it was e9.3 on the new farm (p< .05).
The unit cost was 6% lower (p< .05) on the new farm compared to the other one. Although the
new farm had almost twice the depreciation per unit live BW as the refurbished farm, animal
health costs were 34% lower, labour costs were 27% lower and other costs were 38% lower
(p< .05). Moreover, feeding cost and that for day-old chickens were also 5–6% more favourable
on the new farm (p< .05). The results show the economic benefits of the modern technical
background in broiler chicken production by means of a case study.

HIGHLIGHTS

� The effects of modern broiler chicken production technology on performance and economic
indicators were evaluated based on two existing Hungarian broiler chicken farms.

� A significant difference can be observed between the examined broiler chicken farms in most
production and economic indicators.

� The use of modern technology is one of the fundamental factors and conditions of product-
ivity and profitability.
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Introduction

Research on poultry breeding in the last 50 years
shows that there has been an extraordinary improve-
ment in efficiency in poultry meat production
(Tallentire et al. 2016). In addition to the development
of genetics and feeding, the improvement of housing
technologies was a significant contributing factor
(MacDonald 2014). Today, broiler production mainly
takes place in intensive conditions, in houses with fully
enclosed and absolutely controlled environments (e.g.
automated feeding and watering, artificial lighting, air-
conditioned space), as these systems have the lowest
resource requirement and environmental impact
(MacDonald 2014; Mottet and Tempio 2017). The

available genetic background is not an obstacle to
efficient production. Instead, the question is to what
extent the genetic potential of chicken productivity
can be utilised and realised by individual farms, which
depends on the establishment of the necessary envir-
onmental conditions for chicken, providing them with
a feed of appropriate composition, effective animal
health control and management standards (Liang
et al. 2013; Sz}oll}osi and Sz}ucs 2014).

Broiler housing is considered as a critical factor to
achieve optimum health and welfare, growth and pro-
ductive performance of chicken. It should not only
provide protection against external environmental fac-
tors (e.g. cold, heat, rain, wind) and predators but
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maintain acceptable air quality by controlling the level
of ammonia, carbon dioxide, carbon monoxide, dust
and humidity, while keeping the birds within their
comfort temperature zone (K€uç€uktopcu and Cemek
2019; Oloyo and Ojerinde 2019; Saleeva et al. 2020).
Improvements in modern broiler housing are substan-
tial in maintaining an optimal environment, which
results in increased production efficiency (Purswell
et al. 2011; Liang et al. 2013).

The main objective of this study is to present the
effects of the modern broiler chicken production tech-
nology on performance and economic indicators on a
case study basis, through the comparison of two exist-
ing broiler farms with different technological stand-
ards, both belonging to the same Hungarian
company. The following two hypotheses were formu-
lated in connection with this objective: H1: Broiler
chicken can be produced with more favourable pro-
duction efficiency indicators on the farm with a higher
technical background. H2: The difference in the
technological level can also be shown in economic
indicators, as the more modern farm has a
higher income.

Material and methods

Sample farms

The primary data required for preparing this study
were provided by two farms belonging to a company
of great significance in the Hungarian broiler chicken
sector. Two farms were selected; one being a new
farm equipped with up to date technology as a green-
field investment (hereinafter ‘Farm-1’) and the other
being a refurbished farm built almost fifty years ago
(hereinafter ‘Farm-2’). There are 10 broiler houses on
each farm, with a slight difference in size. Farm-1 and
Farm-2 have 14,000m2 and 11,600m2 of barn space,
respectively. During the examined period, the same
hybrid (Ross-308) was used at both sites. The chickens
were kept and fed in flocks of mixed sexes, in accord-
ance with the guideline of Aviagen (2014). The pro-
duction system was on a deep litter with a density of
17–18 chickens/m2 and in accordance with EU animal
welfare regulation. There was no difference in the
quality and composition of the resources used during
production (day-old chickens, feed, litter, animal
health), as they were transported to the farms from
the same hatchery and feed mixer. The human resour-
ces of the company, that is, the specific expertise and
knowledge, were also the same. The technical back-
ground and technological level was the only differ-
ence (Picture 1).

Farm-1, established in 2015 as part of a greenfield
investment, is a modern establishment even in com-
parison with Western European farms. The farm has
high-level animal health, animal welfare and environ-
mental protection system. The most obvious differ-
ence compared to a usual farm layout is that all ten
broiler houses on the farm can be accessed via the
same corridor, so it is an absolutely closed space,
which promotes compliance with hygiene standards
and veterinary prevention. Washing hands, using hand
sanitisers, and changing slippers are mandatory before
entering each house from the corridor. After the fifth
house, a partition wall has also been installed for
hygienic purposes, where a change of slippers is also
mandatory. The farm management system displays
up-to-date information specific to the broiler house on
a smart panel in front of each house. The houses are
equipped with enrichment tools (e.g. metal podiums,
wooden perches, straw bags, and hemp cords hanging
from feeding lines). All broiler houses have windows.
The houses are built of heat-insulated panels and the
floors and walls are free of cracks and joints; therefore,
they are easy to wash and disinfect. The broiler houses
have a coffin structure that facilitates ventilation.
Tunnel ventilation is used, which is controlled by nine
large fans and four small fans, in addition to the cool-
ing panels, protected by a bird net. Heating is done
with four hot air blowers per house. The broiler
houses have an automatic feeding and watering sys-
tem. A 5-phase feeding system is used: one starter
feed, two growers and two finisher feed. Water use is
provided by a drilled well equipped with a water
treatment system to ensure the required water quality.
Straw pellets are spread as litter (�1.5 kg/m2), which is
characterized by its fine-grained, dry texture, making it
suitable for dust bathing and it has a very good mois-
ture absorbing capacity.

Farm-2 was originally built in 1968, and has since
undergone numerous partial renovations. The farm
has an older layout, and is divided into two parts; it
has two entrances, to which two-wheel disinfectants
and two containers for dead broilers are connected.
The hygienic rules are the same as those on Farm-1.
The structure of the broiler houses differs from that of
Farm-1. Instead of a coffin structure, there are flat-
roofed buildings and only six houses have windows.
The lime-wash walls are more problematic, as well as
time- and material-intensive to maintain cleanliness
and sterility. The feeding and watering system is iden-
tical to that of the other farm, with the difference that
the raising and lowering is done manually with a
winch, while the other farm is equipped with an
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automated system. Similarly, ventilation is performed
using a tunnel system, and there are also cooling pan-
els installed, but they are not protected by bird nets.

Based on the presented technical background,
Farm-2 can clearly be considered to be more out-
dated. However, it should be noted that this farm is
still above average as concerns its technical level, as
compared to the typical technical and technological
backgrounds of farms in the Hungarian broiler sector,
where a significant proportion of farms are
20–50 years old, and either converted and renovated.

Measurement and analysis

Data were collected from house logs and periodical
records. Eight production cycles’ data series were
available for each farm for the same period
(2016–2017). Data collection covered production
(number of day-old chickens placed, number of dead
chickens, number of chickens removed and sold, live
weight of chickens removed and sold, feed consump-
tion, date of chicken placement, date of removal, use-
ful area) and economic data (revenue, production
costs, income). Production data were available at the

broiler house level, so the number of items processed
was 80 per farm. Economic data were available and
interpretable at the farm level; therefore, the sample
size was 8 for each farm.

The following physical efficiency indicators were
derived from the obtained production data: first week
mortality (%); total mortality (%); chickens sold per
unit broiler house area (chicken/m2, kg/m2); body
weight (BW) at thinning (kg/chicken); BW at the end
of period (kg/chicken); average BW (kg/chicken); fat-
tening period (days); weighted age (days); feed con-
version ratio (FCR) (kg/kg); adjusted FCR at 2.6 kg BW
(kg/kg); average daily body weight gain (ADG) (g/day);
European Production Efficiency Factor (EPEF).

Mortality refers to all animals that fall out, including
culling and dead animals. Culling includes birds that
already arrive at the farm from the hatchery in such a
condition that they cannot be placed in the broiler
house (e.g. poor hatching) or those that are removed
from the house during fattening for other reasons.
Thinning (partial depletion) is common at the farms;
therefore, the indexes BW at thinning, BW at the end
of the period, and average BW, as their weighted aver-
age, were introduced.

Picture 1. Internal view of the broiler houses of the examined farms (top: Farm-2, bottom: Farm-1). Source: company’s database
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The fattening period is the number of days
between establishment, thinning and the end of the
period. Weighted age is the mean of the age at thin-
ning and the end of the period, weighted with the
sold live BW. ADG was calculated based on average
BW and weighted age.

FCR represents the amount of feed used to produce
one kg living weight, which is a major factor in reduc-
ing production cost (Marcu et al. 2013). The calcula-
tion of adjusted FCR at 2.6 kg BW (1) is needed to
provide a comparison between chickens of different
body weights, as well as broiler houses and farms
(Liang et al. 2013; Aviagen 2014).

Adjusted FCR at 2:6 kg BW

¼ FCR� ðaverage BW� 2:6Þ � 0:4 (1)

The EPEF (2) is used to express the overall produc-
tion profile, production efficiency of the given flock in
a single index (Peri�c et al. 2009; Aviagen 2014).

EPEF ¼ ½ð100�mortalityÞ � average BW�=ðFCR
� weighted ageÞ � 100 (2)

Of the available economic data, production costs
were divided into the following main cost groups:
day-old chickens, feed, energy, animal health, labour,
other and general expenses, and depreciation. The
cost of energy includes gas and electricity, animal
health costs include medications and veterinary fees,
labour costs include the wages and contributions of
farmworkers. Other material costs include animal
catching, removal of manure, cleaning out, disinfec-
tion, disposal of dead animals, repair, maintenance
and litter costs. Subsidies were not included among
the revenues, thus the calculable net income should
be interpreted without subsidies. As the useful floor

area of the two farms did not match, farm costs were
determined per 100 kilograms to live BW for the sake
of comparability and interpretability. Financial data
were processed in HUF and converted to EUR (e)
using the base year exchange rate of the Hungarian
National Bank in 2017 (310 HUF/EUR).

Descriptive statistical methods were used to pro-
cess the primary data and the derived indexes. F-test
was used as a first step to confirm the formulated
hypotheses, followed by an independent two-sample
t-test for a population with the same variance, and
Welch’s t-test for a population with different variances.
During the study, the derived house-level indicators of
the two farms (n¼ 80 for each farm) and the farm-
level specific values (per 100 kilograms live BW) (n¼ 8
for each farm) of costs, sales revenue and net income
were compared. The two samples are independent of
each other and the values of each indicator are nor-
mally distributed. A significance level of p< .05 was
used in the statistical tests.

Results and discussion

Comparison of production parameters

One-week mortality is a critical indicator of flock qual-
ity, which is fundamentally related to chicken quality
and is desirable to be below 0.7% according to the
Management Handbook of Aviagen (2014). This is the
reason why the technological difference between the
two farms is not reflected in the value of this indicator
(Table 1). At the same time, there are also exception-
ally high values (above 2%) in both farms, which is
clearly due to the lower quality of chickens. However,
the effect of technology level can already be detected
during the whole rearing period, as while the total

Table 1. Production indicators of the examined farms.

Production indicators

Farm-1 (n¼ 80) Farm-2 (n¼ 80)

Diff.a Diff., %bMean Min. Max. SD RSD, % Mean Min. Max. SD RSD, %

First week mortality, % 0.93 0.57 2.45 0.34 36.8 0.98 0.60 2.53 0.36 36.10 �0.05 �5.30
Total mortality, % 3.52 2.42 4.93 0.64 18.1 4.59 2.57 5.31 0.47 10.10 �1.07� �23.20
Total sold chickens per m2, pcs/m2 17.64 17.38 17.84 0.12 0.70 16.78 13.36 18.82 1.31 7.80 0.86� 5.10
Total sold live BW per m2, kg/m2 45.29 42.26 48.35 1.22 2.70 41.33 32.36 45.93 3.03 7.30 3.96� 9.60
Weighted age, day 39.92 38.64 41.25 0.55 1.40 40.30 37.00 42.22 0.96 2.40 �0.39� �1.00
BW at thinning, kg/pcs 2.04 1.87 2.16 0.07 3.50 2.00 1.59 2.70 0.22 11.00 0.04 2.10
BW at the end of period, kg/pcs 2.74 2.52 2.92 0.07 2.70 2.58 2.30 3.02 0.14 5.40 0.16� 6.20
Average BW, kg/pcs 2.57 2.38 2.73 0.07 2.60 2.46 2.29 2.73 0.10 4.10 0.10� 4.30
ADWG, g/day 64.32 59.93 67.52 1.67 2.60 61.11 54.98 66.85 2.77 4.50 3.21� 5.30
FCR, kg/kg 1.57 1.50 1.64 0.03 2.20 1.64 1.50 1.85 0.07 4.50 �0.07� �4.10
Adjusted FCR at 2.6 kg BW, kg/kg 1.59 1.51 1.66 0.03 1.70 1.70 1.50 1.90 0.07 4.40 �0.11� �6.50
EPEF 394.55 370.14 423.36 9.57 2.40 355.39 305.14 400.34 20.74 5.80 39.15� 11.00

SD: standard deviation; RSD: relative standard deviation; BW: body weight; ADG: average daily body weight gain; FCR: feed conversion ratio; EPEF:
European Production Efficiency Factor.
aMean of Farm-1 – Mean of Farm-2; bDifference/Mean of Farm-2� 100.�Significant at p < .05.
Source: Own calculation based on company data.
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average mortality on Farm-1 is 3.52%, it is 1.07%
higher on the other farm (p< .05). This observation is
related to the prevention and management of animal
health problems and the provision of optimal environ-
mental needs for chickens, which Farm-1 can offer
more efficiently. Compared to the 2014 Hungarian
average (3.9%) reported by Jankovics (2018), Farm-1 is
slightly more favourable, while the other farm shows
slightly more unfavourable results. At the same time, a
significant disadvantage is shown in comparison with
the 2012 average of the TOP-25% farms of a German
integration (Emsland group) (2.45%) that plays a sig-
nificant role in Europe, as reported by Aliczki and
B�ar�any (2013).

During broiler fattening, flock density is regulated
in kg per m2, which is largely determined by the
stocking density. Factors influencing the stocking
density include the given season, the type of ventila-
tion, the structure and condition of the building, local
laws, animal welfare regulations, and the planned
slaughter weight (Aviagen 2014). The stocking density
on Farm-1 is constant at 18.3 birds/m2, while on the
other farm, it averages 17.6 birds/m2 (RSD 7.8%).

The total amount of birds sold per m2 is the func-
tion of applied stocking density and mortality. In the
case of Farm-1, an average of 17.6 birds per m2 were
produced in a relatively stable way, which is 5.1%
more favourable compared to the relevant data of
Farm-2 (p< .05). The total live weight produced per
house area is interesting for the utilisation of capaci-
ties and the fluctuation of specific fixed costs within
the unit cost. The total live weight sold per m2

includes the total live weight of the animals at the
time of thinning and at the end of the fattening
period. Results show that nearly 10% more live weight
(45.3 kg/m2) was produced per unit of broiler house
area on Farm-1 in comparison with Farm-2.

Flock thinning takes place 6 to 10 days before the
end of the period, which is determined by the slaugh-
terhouse’s slaughter weight requirements and also by
the animal welfare rules for the given stocking density.
In the case of the examined enterprise, the average
weight at thinning is around 2 kg, and no significant
difference (p > .05) was found between the farms.
However, data is relatively balanced on Farm-1, while
the other farm shows a considerable standard devi-
ation of data (0.22 kg, 10%). The BW at the end of the
period is also more balanced on Farm-1, averaging
2.74 kg, which is 6.2% higher (p< .05) than the aver-
age for Farm-2. Moreover, the data of the latter farm
show a larger relative standard deviation (5.4%). A
similar pattern is shown by the average BW data. The

indicator shows a relatively stable value on average
2.57 kg on Farm-1, while this value is 2.46 kg on aver-
age for Farm-2. The difference (0.11 kg) was signifi-
cant (p< .05).

According to the international data provided by
Van Horne (2018) for 2017, the average body weight
of produced broilers ranges between 1.9–2.7 kg in
each examined country, influenced by the consumer
expectations on the given market and the related
needs of the local processing industry. Therefore, the
efficiency of production cannot be judged on the
basis of average BW alone. The question is how many
days it takes for the flock to reach the desired slaugh-
ter weight, which is determined by the ADG. The aver-
age weighted age was 39.9 days in the examined
period for Farm-1, while it was 0.4 days longer for
Farm-2 (p< .05). Despite the shorter fattening time, a
higher average BW could be reached on Farm-1,
explained by the 5.3% more favourable (p< .05) and
more even ADG. In addition, since the weight gain of
broilers is determined by feeding and the environ-
ment in addition to genetics, the effect of different
technology levels can be clearly demonstrated in
the study.

The ADG calculated from the average Hungarian
data of 2014 published by Jankovics (2018) was
59.85 g/day, compared to which the production of the
two examined farms is clearly more efficient.
Moreover, Farm-1 was able to reach the 2012 average
(64.36 g/day) of the TOP-25% of the German integra-
tion which was reported by Aliczki and B�ar�any (2013).

The FCR averages 1.57 kg/kg for Farm-1, with a low
standard deviation. In contrast, the FCR for Farm-2 is
0.07 kg higher (p< .05), with great fluctuations.
Adjusting the FCR value to the same average BW, an
even larger difference (0.11 kg, p< .05) can be
observed between the two farms. In comparison, both
farms have more favourable FCR compared to the
Hungarian average (Jankovics 2018), and Farm-1 was
also able to reach the 2012 average of the TOP-25%
farms of the above-mentioned German integration
(Aliczki and B�ar�any 2013) in terms of this indicator.

The value of EPEF was also more balanced on
Farm-1, ranging from 370 to 423, averaging 395,
which is only slightly below the 2012 average of the
TOP-25% farms in the German integration (Aliczki and
B�ar�any 2013). In contrast, EPEF for Farm-2 was signifi-
cantly lower (p< .05) and showed much greater fluc-
tuation during the examined period. However, this
unfavourable performance still exceeded the
Hungarian average, which was 320 in 2014
(Jankovics 2018).

192 L. SZŐLLŐSI ET AL.



Comparison of economic figures

In the examined period, the net income per 100 kg
live BW averaged e9.3 on Farm-1, which is almost
twice (p< .05) the income achieved on Farm-2 (Table
2). Moreover, we can find extremely fluctuating values
on Farm-2. Results show that the difference in net
income between the two farms can be attributed to
the difference in cost (6.4%, p< .05), as the sales price
is essentially the same. In comparison, both farms had
higher incomes in the examined period than the
Hungarian average in 2016, according to Hungarian
FADN data (Szili and Szlov�ak 2018) (production cost:
e79.04/100 kg; net income without subsidies: e0.84/
100 kg). The average unit cost in the EU in 2017 was
e82.50/100 kg (Van Horne 2018).

Feeding costs represent 59–60% of total production
costs, while the cost of day-old chickens has a 15%
share. The share of additional cost items, such as
energy, animal health, labour and other costs was
lower on Farm-1, while the share of overhead costs
and depreciation was lower at the other site. This dif-
ference is explained by the fact that Farm-1 uses elec-
tricity and gas more efficiently, the hygienic
conditions are better thanks to the corridor system,
and the highly modernised technology requires less
human resources and the cost of repairs and mainten-
ance is a fraction compared to the other plant.

The difference (p< .05) between the cost of day-old
chickens per unit live weight of the two farms is
explained by the differences in mortality and average
BW. The difference (p< .05) in specific feeding costs is
caused by different FCR. Animal health costs are
34.2% lower (p< .05) on Farm-1, mainly due to more
favourable hygienic conditions. Labour costs also differ
significantly (26.7%, p< .05) between the two farms,
which is clearly due to the more efficient use of labour
on Farm-1. The amount of depreciation per unit live

BW of Farm-1 is almost double (p< .05) compared to
that of its counterpart, due to the different ages of
the farms. However, specific other costs are signifi-
cantly higher for Farm-2, due to higher repair and
maintenance costs (p< .05).

Conclusions

A significant difference (p< .05) can be detected
between the two farms in most of the production
indicators. Moreover, the farm with higher-level tech-
nology has much more balanced production indicators
than the other one. Consequently, hypothesis H1 is
accepted, according to which ‘Broiler chicken can be
produced with more favourable production efficiency
indicators at the farm with higher technical back-
ground’. It can also be stated that the results of the
farm with a higher technology level reach the best
performances of Western European farms. Despite the
fact that the results of the refurbished farm (Farm-2)
lag far behind those for the new farm (Farm-1), they
are still both slightly above the Hungarian sector aver-
age. As regards economic indicators, data per unit live
BW were compared to each other due to different
farm sizes. Based on the results, the hypothesis H2 is
also accepted, according to which ‘The difference in
the technological level can also be shown in economic
indicators, as the more modern farm has a
higher income’.

The numerical generalisability of the obtained
results is limited due to the case study nature of the
study. At the same time, the significance of the study
is compounded by the fact that it is rare in the inter-
national literature to present such detailed operational
data of broiler chicken production. Our findings are in
harmony with the results demonstrated by Liang et al.
(2013), MacDonald (2014), Gillespie et al. (2017), and

Table 2. Economic indicators of the examined farms.

Economic indicators, e/100 kg live BW

Farm-1 (n¼ 8) Farm-2 (n¼ 8)

Diff.a Diff., %bMean Min. Max. SD RSD, % Mean Min. Max. SD RSD, %

Day-old chicken cost 11.04 10.76 11.37 0.24 2.15 11.67 10.96 12.16 0.36 3.08 �0.63� �5.42
Feeding cost 44.40 41.83 46.70 1.61 3.63 47.05 43.46 51.27 2.79 5.92 �2.65� �5.63
Energy cost 2.42 1.64 4.02 0.71 29.21 2.92 1.67 4.89 1.10 37.74 �0.50 �17.25
Animal health cost 1.07 0.65 1.41 0.24 21.81 1.63 1.20 2.22 0.31 19.27 �0.56� �34.24
Labour cost 2.50 2.15 3.03 0.27 10.94 3.42 2.98 4.08 0.33 9.62 �0.91� �26.69
Depreciation 5.35 5.21 5.51 0.12 2.15 2.76 2.66 2.92 0.08 2.88 2.58� 93.50
Other cost 4.02 3.34 5.53 0.76 18.87 6.43 5.10 7.61 0.88 13.77 �2.41� �37.53
Overheads 3.42 3.39 3.62 0.08 2.37 3.39 3.39 3.39 0.00 0.00 0.03 0.86
Total costs of production 74.21 72.73 75.18 0.98 1.33 79.26 76.95 81.80 1.72 2.17 �5.06� �6.38
Sales revenue 83.47 81.47 84.07 0.83 0.99 84.35 83.15 86.28 1.06 1.26 �0.88 �1.04
Net income 9.26 7.51 11.03 1.21 13.09 5.08 2.57 7.26 1.83 35.96 4.18� 82.29

SD: standard deviation; RSD: relative standard deviation.
aMean of Farm-1 – Mean of Farm-2; bDifference/Mean of Farm-2� 100.�Significant at p < .05.
Source: Own calculation based on company data.
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Utnik-Bana�s et al. (2018), according to which poultry
production technology and farm modernisation have
positive impacts on productivity and efficiency. In add-
ition, the results generally support the correlation con-
cluded by several researchers (Mollo et al. 2009;
N�abr�adi et al. 2009; Sz}oll}osi and Sz}ucs 2014; Fountas
et al. 2020; Verdes et al. 2020), that is, improving the
physical efficiency of broiler chicken production is key
to increasing the profitability and international com-
petitiveness of agricultural activity and reducing nega-
tive environmental impacts. A significant improvement
can be achieved in this field by the complex applica-
tion of state-of-the-art technologies, automation,
robotics and digitisation, as well as the neces-
sary expertise.
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