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Abstract: Infrastructure, transport and the constructiomugty belong to a potentially significant pollutexavironment.
However, the current development of technologies materials in the construction industry gives ossibility to

eliminate the negative effects of transport andstroction. Designing and building green buildings significantly

improve the environment and reduce the environnhémbéprint of transport, logistics and constructid his research
discusses the issue and possibilities of new pssgre technologies implemented in the construdtiolustry for the
needs of sustainable infrastructure, logistics emastruction. The paper details the possibilitiegreen roofs, their
advantages and impact not only on the construatidustry, but also on infrastructure and transpogeneral. The aim
of the paper is to specify these technologies asgipilities from the theoretical point of view.

1 Introduction logistics and construction. The paper details the

In general, the construction industry, logisticsPossibilities of green roofs, their advantagesiammhct not
infrastructure and transport can to a |arge exmge a Only onthe COI:]StrUCtlon |ndUStry, but also Onaﬂt-rUCtL:lre
potential risk to environmental pollution [1]. Teport and  and transport in general. The aim of the paper &pecify
infrastructure can have a significant negative ictpa the these technologies and possibilities from the téral
environment [2] Rail transport is one of the pomn p0|nt of \./leW.. Infrastructure, |Og|St|-CS, urbanisand the
polluters in this area [3]. The automotive industan also construction industry have much in common. It is th
contribute to the ecological footprint. Electromlithican ~ solutions for the design and construction of gieitdings -
be one with solutions to combat it [4]. The elintioa of and roofs that can be one of the solutions to aehie
the ecological footprint should already be considén the environmental  sustainability ~while reducing the
urban design [5]. There are many possibilities tie t €nvironmental footprint.
construction industry to implement the so-calletbeg One of the generally accepted indicators of sustdn
solutions. Implementing green solutions in eveuistry ~development is ecological footprint. Ecologicaltfmint is
is very important [1,6]. This issue is a very stmsitopic an artificially created unit for measuring the iropaf

and its importance does not need to be emphasfiesl. human activity on the planet and the environment. |
research discusses the issue and possibilitieseaf ndetermines the amount of square hectares of prigeuct
progressive technologies implemented in the cootiy  area needed to meet the needs of the populatiomifuy
industry for the needs of sustainable infrastrgturfood, absorbing waste, absorbing carbon dioxide

emissions, etc.) [1,7].
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Figure 1 Ecological deficit / reserve, [7]

Of the entire productive surface of the earth,d@leme biocapacity through trade, respectively. It emitsbon
an average of 1.7 global hectares (gha) per persbn. dioxide emissions into the atmosphere.
present, the average ecological footprint of omsg@ehas Data of the last measurement in 2016 (accordiffig]}o
reached up to 2.8 gha, which means over 64% didhin's point to 3 gha of total biocapacity in the SlovagpRblic,
biologically productive capacity [8,9]. In the figu but the ecological footprint is 4.2 gha per persdrere is
(Figure 1) we can observe the ecological deficgd(r an environmental deficit of 1.2 gha in Slovakiawdwer,
colour), respectively. ecological reserve (greelow) of this deficit has been on a downward trend since8200
individual states of the European Union. A nationalFigure 2).
ecological deficit occurs when a given country imgo

Slovakia

global hectares per person
w

1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2016

— Ecological Footprint — Biocapacity @ Ecological Deficit @ Ecological Reserve
Global Footprint Network, 2019 National Footprint Accounts

Figure 2 Slovakia - ecological deficit/reserve] [7
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In November 2018, the European Commission ¢ better thermal insulation properties of the roof,
presented a long-term strategy to meet the tarfpets » reducing heating and cooling costs,
reducing carbon emissions in various sectors toemte » psychological and aesthetic effect,
climate change, namely the Emissions Trading Sy$tem * biodiversity creation.
industry. According to [10], these measures aimrethuce
industrial emissions by 43% compared to 2005. Henev  The advantage of green roofs is that they are
sectors such as transport, agriculture, buildingaste complementary to existing roofs. They consist ofesal
management, etc. they produce almost 60% of toti@yers (Figure 3): roof deck, water proofing menmera
emissions in the European Union. The Europeansulation layer, root barrier, protection layeraidage
Commission also aims to reduce these levels by Bp% layer, filter fabric, growing media and vegetation.
2030 compared to 2005. Another, non-important EU
objective is to prevent emissions from deforestatias
forests can absorb more than 10% of EU emissiods &
greenhouse gases [10].

Vegetation

Growing media

2 Green roofs, infrastructure and

construction industry

Buildings are one of the largest environmente
polluters. Currently, buildings spend up to 70% o
electricity generated, 12% of water and produceoatm
70% of all waste and more than 30% of greenhouse ¢ = ———Insulation layer
emissions [11]. This upward trend is related tociestant % P ':::;r‘:'::""‘
growth of the global population and the relate ' Roof deck
urbanization and industrialization. The lawns gedyu
change to impermeable surfaces, roads, roofs. Otieo
first significant changes in grassland declinedbange in
the hydrological status of the river basin, whicuses Figure 3 Components of green roof, [17]
changes in river flows, increased floods in cifte?], soll
erosion [13], or increased pollutants in runoff][1#he 2.2 Division of green roofs

— - Filter fabric

Drainage layer
Protection layer
Root barrier

study [15] points to the link between increasindpaur Division of green roofs according to maintenance:

development and declining natural replenishment o# Extensive— They require minimal maintenance, are

groundwater in the area. With climate change ard th  lightweight and inexpensive, but have a low divgrsi

occurrence of more frequent heavy rainfall, theveam of plants that are placed in a mixture of sandyejra

increasing demand for more efficient rainwater $tigs in clay and peat. However, these plants are resigtant

cities, [16]. extreme climatic conditions. Maintenance is only

required twice a year.

2.1 Thebenefits of green roofs » Semi-intensive — using light substrates, requiring
Designing and building green roofs, which have sdve more frequent maintenance of a denser and more

benefits, is becoming one of the most advantageous varied growth medium.

solutions in solving these problems in cities: e Intensive — are similar to a traditional garden. They
« absorption of carbon dioxide, require regular irrigation as well as maintenanug a
* rainwater retention, reinforcement of the roof structure.

* reduction of rainwater wastewater,

« protection of the roof from UV radiation, L -
. protection of the roof against weathering In the Table 1 individual characteristics of exteas

(prolongation of the roof life) semi-intensive and intensive green roofs are listed
* noise reduction inside the building,
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Table 1 Characteristic extensive, semi-intensiwiatensive green roof, [18]

Main factors Extensive

Vegetation restricted selection of low
growing, drought tolerant
plants and harc
Use of ecological protection laye
Substrate height <15cm
Substrate deptt 2-15cm
Irrigation no or little
Weight 50 — 150kg/m?
Available inaccessible

Capacity construction existing structures

Maintenance extensive
Roof slope up to 30°
Cost low

3 Environmental benefits of green roofs
3.1 Noisereduction in buildings

Semi-intensive Intensive
grass, trees, shrubs, herbaceoLs
herbs, shrubs plants

designed green roof park, garden

15-50cm 25 —-100 cm
15-50cm >15cm
periodically regular
120 — 20kg/m? 250 — 100(kg/m?
partly accessible accessible
additional structural additional structural
suppor suppor
periodically intensive
flat, terrace flat, terrace
medium high

However, this percentage largely depends on thihdel
composition of the substrate, roof slope, prediita

Last but not least, growth media are excellent dourgharacteristics or climatic conditions. For example

insulators. Tests show a reduction in indoor altution

by up to 10 dB. A classic roof reduces noise paiuby
32 dB, a green roof with a 12 cm substrate thickrins
40 dB and a green roof with a 20 cm substrate layamp
to 50 dB [19]. These results show that green roafsbe
used mainly in areas with higher noise levels, sicflight
halls, discos, etc.

3.2 Energy consumption reducing in buildings

Germany, the authors of the study [26] reported tha
intensive green roofs showed a 65-85% decreasminsa
rainfall runoff and a 27-81% reduction for extemsgreen
roofs.

4 Urban air and

infrastructure

Today, more than half of the world's populatio$vn
cities. Cities are constantly growing. According[&Y],

quality green

In the past, green roofs were mainly used for thebretween 1990 and 2018, the population of mediuedsiz

thermal insulation properties. Nowadays, their piiyn
task is also to reduce the flow of energy betweeloor
and outdoor environments. According to a study,[20]
overall annual reduction in energy consumption tiudne
construction of green roofs was noted by 66%. lotlzar
study [21], the authors describe that reducingirtide@or
temperature of a green-roofed building could redihee
cooling energy consumption by up to 8%. Article2-p2]
describe further reducing the cooling load of gremafed
buildings in Singapore, Minnesota and Toronto.

3.3 Reduce stormwater

cities (cities with 1-5 million inhabitants) almagbubled
worldwide, with an increase of up to 28% in theseaa
between 2018 and 2030, today 926 million to 1.&okil
inhabitants.

Air pollution from carbon dioxide (NO2) and other
particulate matter (e.g. PM2.5) in these areasésal the
most common causes of death worldwide. According to
[28], up to 3 million people worldwide die premadlyr
annually. On the one hand, as the standard ofdlivin
increases, the demand for passenger cars is imgeasd
on the other, cities must seek effective methodedoce

One of the main tasks of green roofs is the reganti unwanted air pollutants and thus protect the pdioula
of rainwater. The substrates either absorb rainwate The overallincrease in passenger cars is estinfratecD. 1

return it to the atmosphere via evapotranspiratostudy
[25] has shown that through green roofs it is gaesio

to 109 in 1960 to 1 to 109 in 2017. Also, the igkat
increase in the number of non-compliant dieselalehiis

reduce the volume of runoff rainfall by 60-100%.another adverse factor in some countries [29,30].
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Figure 4 Benefits of green infrastructure [31]

One of the solutions to air pollution in citiegdsbuild  dust particles and air pollutants, the amount oftwa
green infrastructure: parks, green roofs, greerswatc. materials in the water, the amount of noise iresjtiand
[30]. Figure 4 clearly points out the potential &fts of vice versa, will probably increase in the futuree®f the
green infrastructure, which include, in additionttmse more efficient solutions that is increasingly beimgged is
described above, for example improving air qualityto build green infrastructure in cities and thuduee the
reducing the number of fine particles in the air. adverse impact of the urban climate on the popnatit

Plants that are part of green roofs act as a fiier seems that in this economically advanced world, asaan
carbon dioxide, carbon monoxide, nitrogen oxidelplaur  individual does not have the opportunity to change,
dioxide and other harmful gases. In a study [3Bg t respectively. Reduce the percentage of air, laateryetc.
authors report that a 21-37% decrease in nitroite@nd However, only the individual can begin to make dem
sulphur dioxide in the atmosphere can be obsenigd wfor the benefit of the whole community and thusrdeathe
newly built green roofs. According to [33], somardding thinking, lifestyle and worldview in their surrounds.
plants (e.g. Hedera helix, Parthenocissus tricasajetc.) One of these, for the individual undemanding lifamges,
planted as part of green infrastructure can bintbup7 kg can also be the creation of a green roof on thedllthg.

/ m2 of fine airborne particles to their leaf sada Indeed, infrastructure, logistics and constructgam

However, preference for public transport, promotingose a risk of increasing the negative impact am th
environmentally friendly modes of transport (cyglin environment. Green roofs are one of the solutians t
electric cars, etc.) remains the most effective way eliminate the negative impacts of transport, lagsst
improve air quality in cities, and to support theedl infrastructure and construction.
economy, including the improvement of logistics dhe
distribution of food and materials to cities, urbagistics.
freight transport, support for the domestic maiket an Acknowledgement
overall change in urban transport for the sake dfhis work was supported by the Slovak Research and

sustainability [34,35]. Development Agency under the contract no. APVV-17-
0549 ‘Research of knowledge-based and virtual
5 Conclusions technologies for intelligent designing and real@atof

The ecological footprint of cities and densely paged  building projects with emphasis on economic efficie
areas is significantly higher than the ecologioatprint of ~and sustainability’. This work was supported by $hevak
municipalites or sparsely populated areas. ThuResearchand Development Agency under the comtoact
economically more advanced countries produce aehigh®PVV-18-0360 ‘Active hybrid infrastructure towarde
percentage of emissions compared to less developERPnge city'.
countries. With rapid population growth and risihgng
standards, the amount of impermeable surfacestigsci
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