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PROSPECTS FOR CREATING SURFACES WITH VEGETATION
ON BUILDINGS IN POLAND

Abstract. According to the World Green Building Council, energy demand in buildings
will increase double, by 2050. Worldwide, construction and the built environment
contribute about 39% of global carbon dioxide (28% from operational emissions, from
energy needed to heat, cool and power them, and the remaining 11% from materials
and construction) and 50% of the world’s resource consumption. Thus, maximising
energy efficiency and improving the environment are the main directions of
construction development. Both tasks can be solved using green structures that
connect living plants with building structures (green roofs, living facades and living
interior walls). The data from the main organisations in the branch has been analysed.:
United Nations, The World Green Building Council, European Parlament and
Council, and also Global Alliance for Buildings and Construction. They state the need
for green and blue infrastructure, and sustainable urbanisation, incl. decarbonising
of buildings and mitigation of urban heat islands. Greening of buildings is a measure
to achieve the requirements. In addition, it improves health and well-being or
increases biodiversity. Poland has the corresponding norms to stimulate the greening
of buildings. The term “biologically active area” is defined as the area with an area
arranged in a way that ensures natural vegetation of plants and rainwater retention;
such an area also covers 50% of the surface of terraces and flat roofs with a vegetation
layer with vegetation and other surfaces (e.g. green facade), providing natural
vegetation of plants, with an area of not less than 10 m?, surface water in this area.
Special tax policies give privileges to those who green their building(s). These
measures have a good result in spreading green structures, which is proved by the
objects represented in the article.

Keywords: sustainability, green structures, energy efficiency, biologically active
area; water retention.
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1. Introduction

According to the World Green Building Council, energy demand in buildings will
increase double [1], by 2050. Worldwide, construction and the built environment
contribute about 39% [2] of global carbon dioxide (28% [2] from operational
emissions, from the energy needed to heat, cool and power them, and the remaining
11% [2] from materials and construction) and 50% of the world’s resource
consumption [1].

Cities house more than half of the global population and account for 71...76%
[3, 4] of the CO» emissions that lie at the heart of the climate crisis.

World Health Organization data show that almost all [5] of the global population
(99%) breathe air that exceeds WHO guideline limits and contains high levels of
pollutants, with low- and middle-income countries suffering from the highest
exposures. Thus, we need to analyse possibilities to improve the energy efficiency
and environment of cities. Both tasks can be solved using green structures that
connect living plants with building structures.
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2. The world experience analysis
The World Green Building Council [6] report points to the need for:

e protection of natural capital and natural resources through investment

infrastructure — e.g. prioritising green infrastructure and urban areas;

e enhancing the role of blue and green infrastructure in spatial planning;

e better management of water processes to reduce the depletion of freshwater

resources, m.in. through the use of construction wastewater;

e creating larger public and open green and blue areas for both nature and people

in cities, reducing the urban heat island effect;

e implementing strategic protection measures — such as flood prevention

measures.

A proposal to carry out a comprehensive assessment of CO, flows in green
infrastructure systems, including buildings with vegetation (green roofs, living
facades and living interior walls), over the full life cycle is presented in the diagram
in Fig. 1 [7].
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Fig. 1. Green infrastructure and biomaterial systems [7]:

1 — additional structure to carry the weight of soil and water; 2 — additional substrate and
material; 3 — extended life of wall/roof material; 4 — use of carbon sequestrating materials
and assembly; 5 — use of recycled or biproduct materials in assembly design; 6 — reduction
in heating and cooling loads; 7 — reduction in energy of ventilation; 8 — the cost of
maintenance; 9 — the cost of water and fertilisers; 10 — emissions from landfill/incineration;
11 — reduction in urban heat islands; 12 — reduction in storm-water infrastructure; 13 —
ongoing carbon sequestration from the living system; 14 — carbon offsets from urban
agriculture; MA — material assembly; CN — construction; OP — operations; EOL — end of life;
EC — embodied carbon; OC — operational carbon

The amount of carbon emissions associated with assemblies and structures should
be weighed against the potential for reducing carbon emissions through reduced
building cooling and/or heating loads, reduced urban heat island effects, and
improved air quality and biodiversity at both a building and urban scale. This
quantification of carbon dioxide emissions and reductions should be made by
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analyzing the building throughout its life cycle. The final result of the assessment
will largely depend on climatic conditions, thermal insulation of the building
envelope, type and technical parameters of the heating/cooling system, type of fuel
or energy used, type of system and plant species. According to some authors, the full
reduction of carbon dioxide emissions for some facilities is achieved even after three
years. These assessments do not take into account other benefits such as a positive
impact on human health and well-being or an increase in biodiversity.

However, since the payback periods for these types of green building systems,
taking into account energy costs, are not very encouraging, financial support in the
form of incentives and appropriate municipal building codes is necessary to
overcome the additional initial costs and concerns about ongoing maintenance costs.

The World Green Building Council report points to the need to design systems for
protecting, collecting, and efficiently using natural resources, such as rainwater
collection facilities (e.g., wells and water reservoirs, carefully selected to provide
sufficient storage space during periods of drought), grey water reuse systems, low-flow
amenities and water-saving devices, building green and blue roofs, or installing rain
gardens for management rainwater outflow with adaptive and native vegetation [7].

According to data from the United Nations [8] Habitat in 2050 around 68% of
humanity will live in cities. At now cities

e occupied only 2% of the Earth’s surface;

e consume 78% of energy;

e produce more than 60% of greenhouse gas emissions.

In 2016 the United Nations itself improved the New Urban Agenda [9] to advise
countries on their urbanization processes and make cities more habitable, inclusive,
healthy, resilient and sustainable. This document draws attention to the challenges of
increasing urbanization and suggests possible courses of action. The latest version
strengthens the mission of Agenda 2030 to support sustainable urbanization. By
2030, among others, ensure universal access to safe, inclusive and accessible green
and public spaces, in particular for women and children, the elderly and people with
disabilities [9]. Urban policy measures are to take into account spatial and
environmental aspects of revitalization and spatial planning. Poland's participation
in the New Urban Agenda [10] concerns i.a. nature-based solutions and the
promotion of this approach.

The roadmap for Buildings and Construction 2020-2050 [11] to fully decarbonise
buildings throughout their life cycle and to support the development of national or
regional strategies and policies sets out short, medium and long-term scopes for
action to create a built environment that is carbon-free, efficient and resistant. It
includes eight "actions": urban planning, new buildings, existing buildings,
construction operations, devices and systems, materials, resilience and clean energy.

The document also guides green and blue infrastructure actions in cities. It
contains guidelines with set goals and indicators that cities should achieve by 2030,
2040 and 2050.

In the case of water management, it’s necessary to highlight a need to support the
increased use of water management technologies, reducing the volume and speed of
rainwater run-off, and increasing landscape permeability and rainwater retention.
This will increase flood resilience and improve the quality of soil and underground
aquifers. Measuring rainwater flow through drain pipes, tanks and drains using smart
sensors gives municipal institutions the ability to identify where green infrastructure
is needed to improve drainage and mitigate the effects of an urban heat island.
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For vegetation, proper landscape and vegetation planning can increase resistance
to excess rainwater, reduce the need for heating and cooling, and improve air quality
through measures such as green roofs, green walls, trees and parks. In particular, city
parks are key to improving the quality of life in cities, cooling cities and acting as
sinks of greenhouse gas and other air pollutant emissions. Vegetation measures
should give priority to the use of native plant species.

Mitigation of the effects of urban heat islands (UHI) should be sought [11].
Impermeable, devoid of vegetation and dark surfaces in cities tend to generate UHI
effects, i.e. higher ambient temperatures. Buildings, streets, parking lots and paved
surfaces absorb more heat than damp plant surfaces, which release water vapour and
provide shade to cool the surrounding air. To minimize this effect and mitigate
extreme heat, cities should set UHI reduction targets and implement a variety of
programs to that end. Local authorities may seek to reduce impermeable surfaces,
increase the preservation of large canopy volumes, create cool or green roofs and
facades, or expand wetlands. Quantitative targets should be included in formal city
plans and specify a future target date or annual commitments.

The latest version of the EU EPED (Energy Performance of Buildings Directive
(recast)) [12] by the European Parliament and Council points to the need to integrate
green infrastructure, such as living roofs and walls, into urban planning and
architectural design. This can be an effective tool for adapting to climate change and
reducing the harmful effects of climate change in urban areas. Buildings should take
into account climatic conditions, including adaptation to climate change through
green infrastructure, etc. Member States should encourage the installation of
vegetation surfaces that help retain and retain water, thereby reducing urban run-off
and improving stormwater management. Improving the good use and adaptation of
public space surrounding buildings with elements such as wood, green roofs and
facades, and solutions inspired and supported by nature.

Green structures are the universal measure to solve all of the tasks. According to
the amendments to the EPBD Directive of 2023 [12], buildings in the European
Union must meet the standards of zero-emissions COx:

e from 1 January 2026 — newly designed buildings occupied, operated or owned

by public authorities;

e from January 1, 2028 — all newly designed buildings;

e by 2050, all buildings (both new and existing).

3. Polish requirements and regulations
The use of partitions of buildings with vegetation (the green roof and green facade)
should contribute to achieving the objectives set out in the EPBD.

Biologically active area in the Polish Technical conditions to be met by buildings

and their location [13].

According to Polish building regulations, a biologically active area [14] is an

area:

e with an area arranged in a way that ensures natural vegetation of plants and
rainwater retention;

e such an area also covers 50% of the surface of terraces and flat roofs with a
vegetation layer with vegetation and other surfaces (e.g. green facade),
providing natural vegetation of plants, with an area of not less than 10 m?;

e surface water in this area.
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Polish building regulations contain requirements for a minimum biologically
active area [15]:

1. On building plots intended for multi-family housing, health care buildings
(except clinics) and education and upbringing, at least 25% of the plot area should
be developed as a biologically active area, if a different percentage does not result
from the provisions of the local spatial development plan.

2. The group of multi-family buildings covered by a single building permit
provides playgrounds for children and recreational areas accessible to the disabled,
according to utility needs, with at least 30% of this area located in a biologically
active area, unless separate regulations provide otherwise.

This value is determined as an indicator of the biologically active area of a
building plot.

A great deal of information and guidance on how to create buildings and their
surroundings soon can be found in the EU guide [16]. There are guidelines for
buildings with vegetation. Plants on a green facade can act as a rain cover and help
lower air and surface temperatures through evapotranspiration and shading provided
by tree crowns. There are several ways to build a green facade (Fig. 2). These can be
[16]:

e green ground facades: evergreen or deciduous vines grow on the wall, rooted
in the soil next to the facade; self-adjacent plants climb the wall as they grow,
directly on the wall or on the frame connected to the wall;

o green facades without roots in the ground: plants grow on special thin layers
of a substrate to reduce the weight of the green facade.

Ground-base Plant-trough Wall-bound
based

Self-climbing Climbing Wall-based or Wall-based Wall-bound
plants trellis ground based in  green walls with systems
plant troughs plant - trough (Living Walls)
modules

Fig. 2. Schematic drawings of different types of green facades [16]

Green roofs are adapted to heavy rainfall and protect against cold and heat waves.
Such properties are primarily possessed by a green retention roof, which ensures an
adequate rate of water evaporation and prevents the soil from drying out. The roofs
are classified (Fig. 3) as [16]:

e extensive or standard green roofs are green roofs with a relatively thin layer

of soil and vegetation. Suitable types of vegetation are succulents or, in the
case of shady roofs, a mixture of mosses and herbal plants. Succulents have a
high water storage capacity. Photovoltaic panels can be placed on such a roof,
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which further reduces the temperature on the roof surface. Due to the
relatively low weight of roofs with succulents, they can often be laid on
existing roofs, up to an angle of about 35°;

e a semi-intensive green roof is a transition between extensive and intensive;

e intensive green roofs have a thicker substrate and plant layer, as well as a
greater variety of plants, including shrubs, small trees and nesting sites for
birds and bats. Such roofs can contribute to increasing biodiversity.

N, | [ N : N : [ |
|
Height: 6-20 cm Height: 12-25 cm Height: 15cm > 1 m
Weight: 30-150 kg/m? Weight: 120-200 kg/m? Weight: 180-500 kg/m?
Vegetation: mosses, Vegetation: grasses, herbs Vegetation: Lawn,
sedums, herbs & grasses and shrubs perennials, shrubs & small
Maintenance: low Maintenance: periodically  trees

Maintenance: regularly
Fig. 3. Scheme and characteristics of the three basic types of green roofs [16]

A way to encourage the creation of green roofs and facades is property tax reliefs
and exemptions introduced in several cities in Poland. Below in Table, there is the
number of discounts in property tax, depending on the type of partition with
vegetation and the area occupied by it [17]. Tax relief applies primarily to residential
buildings.

In Table 1, data from Wroclaw was adopted in 2015 for residential buildings and
residential premises. An example of a building with vegetation is from Wroclaw.
Extensive green roof of 1600 m?, intensive roof of 860 m?, greenery on native land
and in pots 360 m? (Fig. 4, 5) [18]. Green facade with ivy on the external walls of
the National Museum in Wroclaw [19].

In Table, data from Katowice and Kalisz was adopted in 2021. Example of a green
roof over the International Congress Centre in Katowice (Fig. 6) [20]. Green facade
of the largest Mercure hotel building in Katowice (Fig. 7) [21]. On Fig. §, there is an
example from Kalisz [22].

In Table, data from Czestochowa adopted in 2022, established only for single-
family buildings. Example of a green roof over the EXG office building in
Czestochowa (Fig. 9) [23]. Green facade created on the external wall of the City Hall
building in Czestochowa (Fig. 10) [24].

4. Conclusions

The international experience shows that greening of buildings allows for solving the
main problems of cities such as urban heat islands and water resilience. To perform
the tasks, the proper normative system is developed. In Poland, in addition, there is
a system of tax reliefs which is stimulating the greening that is shown by successfully
realized projects.
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Table. Property tax reliefs in force in Wroclaw [17]

Type of partition with vegetation

Percentage of the
area occupied by

Percentage of property

plants tax relief
Wroclaw
Green roof in a building up to 50-80% 50-80%
5 storeys high 80-100% 80-100%
Green roof in a building with a 50-80% 25-40%
height of more than 5 floors 80-100% 40-50%
<30 m? 20%
Vertical garden on the facade 30 m?— 45 m? 25%
> 45 m? 50%
Katowice and Kalisz
Green roof 100% 100%
Green fagade (minimum one) with i éﬁgﬁg:?;%ﬁﬁgggs
vegetation rooted in the ground with a height of more
Vertical garden on the facade 50% than 6 storeys)
Czestochowa
Green roof 100%
Green facade (minimum one
with vegetation r(Eoted in the gro)und 30% 50%
Vertical garden on the facade 75%

Fig. 4. Green roof at Botanica Residance in Wroclaw [18]
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Fig. 7. Green facade on the Mercure hotel building in Katowice [21]
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Fig. 10. Green facade created on the external wall of the City Hall building in Czestochowa [24]
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Yiima Anam
NEPCIHEKTUBHA CTBOPEHHS O3EJIEHEHUX MMOBEPXOHb 3
POCJIMHHICTIO HA BYAIBJIAX Y TOJIbIII

Anotanisi. 3a qaanMu BcecBiTHROT panu ekojoriqvHoro OymiBHUITBA, 10 2050 poky
moTpeda B eHeprii B OymiBISAX 3pOCTe BABIYi. Y BCHOMY CBITi OyIiBHHITBO Ta 3a0ymoBaHi
TepuTOpii yTBOPIOIOTH O1MM3bK0 39% mmobGanbHUX BUKHIIB ByiieKucioro rasy (28% Bix
eKCIUTyaTalliiHUX BUKHUAIB, CHEprii, HEOOXiTHOi JUIS ONAaJeHHS, OXONOUKCHHS Ta
JKUBIICHHS, a pemTa 11% — Big matepiamniB i OyxaiBHUNTBA) 1 50% CBITOBOTO CIIOKWBaHHS
pecypciB. TakuM yHHOM, MaKkCHUMi3alis eHEProe(HEeKTUBHOCTI Ta MOKPAIIEHHS JOBKIIIA €
OCHOBHMMHM HAIIPSIMKaMHU PO3BUTKY OymiBHHUITBa. OOWIBI 3amadi MOXXHA BUPIMIHUTH 3a
JOTIOMOTOI0  3€JIeHHX KOHCTPYKILIH, AKi 3’€JHYIOTH JKHBI POCIMHH 3 OyIiBEIbHHMHU
KOHCTPYKIisIMH (3e7eHi maxu, >KuBI (acagm Ta >kuBl BHYTpimHiI cTiHu). bymo
MpOaHaTi30BaHO JAaHi OCHOBHUX opraHizamiil y ramy3i: OOH, BcecBiTHBROI paju 3emeHoro
OymiBHHMIITBa, €Bpomeichbkoro mapiaMmenty ta Pamm, a Takox [J100anbHOTO ambsHCY
OymiBenb 1 OymiBHUIITBA. BOHH KOHCTaTylOTh HEOOXITHICTH  3€JIEHO-OJNIAKUTHOT
iHppacTpyKTypHu, cranoi ypOanizauii, cepex iHmoro pexkapOonizamii OyaiBens Ta
MOM'SIKIICHHS! MICBKMX TEIUIOBMX OCTpoBiB. O3eneHeHHS Oy/iBelb € 3aX0J0M JUIst
JOCATHEHHS X BUMOT. KpiM Toro, 11e moKkpamtye 370poB’ sl Ta cCaMONodyTTst a00 3011b11ye
6iopizHoMaHiTTS. Y Iloibmii € BiAMOBIHI HOPMU CTHMYJIIOBAHHS O3€JICHEHHS Oy/liBeb.
TepMiH «010JIOTIYHO aKTHBHA TEPUTOPIsH BU3HAYAETHCS K TEPUTOPIs, Ky 00JIAIITOBAHO
TaKM YUHOM, IO 3a0e3MedyeThCsl HasSBHICTh MPHPOIHOI POCIMHHOCTI 1 3aTpUMaHHS
JOIIOBHUX CTOKiB; Taka 30Ha TakoX OxoIuroe 50% moBepXHi Tepac 1 IUIOCKUX JaxiB 3
POCIMHHMM TIapoM Ta IHIIMMH TIOBEpXHAMH (HANpUKIAL, 3€JIeHWd dacan), IIo
3a0€3Me4yI0Th IPUPOAHY POCIMHHICTB, momero He Mermie 10 M. CrienianbHa MojaTkoBa
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MOJIITHKA HANa€ IIBCM BIACHHKAM 3elieHUX OymiBenb. Lli 3axoam naroTh Xopouruit
pe3yabTaT y PO3MOBCIOKCHHI 3€JICHUX KOHCTPYKI[iH, IpO IO CBiAYaTh MPEACTABICHI B
CTaTTi 00’ €KTH.

KuarouoBi cjoBa: cTiliKicTh; 3eleHI KOHCTPYKIi; eHeproe(eKTUBHICTh; 0i0MIOTidYHO
aKTUBHI IUIOIIi; YTPUMaHHS BOJIH.

Cmamms naoitiuna 0o pedaxyii 24.02.2023 i nputinama 0o OpyKy nicia peyeH3y8auHs
10.05.2023

Yiima Agam

JIOKTOp 1H)KEHep, aJbIOHKT, 3aBimyBau saboparopii OymiBenbHOI (i3uku, UeHCTOXOBChKA
[Monitexnika
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