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Introduction. The study seeks to form a structured classification of green roofs essential for systematic development of
practices of green architecture and natural urbanism in Russian development. The lack of a holistic approach to typolo-
gizing such solutions causes difficulties in designing and implementing environmentally oriented technologies. The sys-
tem developed by the author covers four major characteristics and a set of sub-elements, which allows for a comprehen-
sive description and differentiation of various types of green roofs. Such a classification can serve as an effective tool for
specialists engaged in the field of design, construction and landscaping.

Materials and Methods. In order to look into the topic, a set of theoretical studies has been conducted. Regulatory
documents, including GOST and SNiP, as well as international standards LEED and BREEAM, were examined. The
works of specialists, practical examples and publications in specialized sources were also analyzed. The study describes
an analysis algorithm: the investigation of constructive solutions, environmental characteristics, principles of design and
operation. Green roofs are roofing structures with vegetation. Depending on their purpose, they are divided into exploited
(for recreation and activities) and non-exploited (environmental functions). The construction of green roofs is regulated
by such standards as GOST R 58875-2020, GOST R 54964-2012 and GOST R 58709-2019. These documents define the
types of green roofs, requirements for materials, structures, and indoor climate.

Research Results. Throughout the course of the research, a typology was developed includg extensive, intensive and
semi-extensive roofs, as well as classifications according to operational, structural, social and environmental criteria.
Examples of implementation in international and Russian practice are provided. The classification allows one to account
for the human use, placement and level of landscaping of roofs, offering a comprehensive description system.
Discussion and Conclusion. The introduction of green roof standards represents a totally new approach to building
lifecycle management, including not only construction, but also environmental improvement, energy conservation, and
quality of life, which is a lengthy and controversial process requring time for analysis and adaptation. They contribute to
energy efficiency, thermoregulation, improved microclimate, extended roof life, and the creation of new recreational
areas. The concept of green roofs is a synthesis of architecture, ecology and technology that can ensure the sustainable
development of cities and improve the quality of life. The ultimate aim of this study is to offer a universal tool for typo-
logical analysis of green roofs which can be applied domestically to improve the effectiveness of urban planning solutions
and sustainable urban environment development.

Keywords: classification of green roofs, types of roofs with landscaping, green roofs, hanging gardens, landscaping of
actively used roofs, intensive and extensive landscaping, semi-intensive landscaping

For citation. Sheina S.G., Balashev R.V., Shakhiev R.D., Shixiao U. Standards of Green Roofs in Construction Projects.
Modern Trends in Construction, Urban and Territorial Planning. 2025;4(2):117-127. https://doi.org/10.23947/2949-
1835-2025-4-2-117-127

© Sheina S.G., Balashev R.V., Shakhiev R.D., Shixiao U, 2025

Urban planning, planning of rural settlements

117


https://doi.org/10.23947/2949-1835-2025-4-2-117-127
mailto:ruslanbalashev33@gmail.com
https://doi.org/10.23947/2949-1835-2025-4-2-117-127
https://doi.org/10.23947/2949-1835-2025-4-2-117-127
https://orcid.org/0000-0001-5214-0767
https://orcid.org/0000-0003-1586-7021
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.23947/2949-1835-2025-4-2-117-127&domain=pdf&date_stamp=2025-06-20

https://www.stsg-donstu.ru

118

Sheina S.G., et al. Standards of Green Roofs in Construction Projects

OPMZMH(IJle()e amnupudecKkoe uccnedosamue

CrangapThl 3eJIeHbIX KPbIII B 00beKTAaX CTPOUTEILCTBA

C.I. lleuna® ", P.B. banames! <, P.JI. Illaxues’, ¥ llucso?

lonckoit TocynapCTBEHHBIH TeXHUYIECKUH YHUBEPCHTET, T. Poctos-Ha-JloHy, Poccuiickas ®eneparus
2[1laHbIyHCKUH TPAHCTIOPTHBIA YHUBEPCHTET, NpoBuHiys Illanbayn, r. [[3unans, Kuraiickas HapoaHas peciry6imika
X ruslanbalashev33@gmail.com

AHHOTAIIMA

Beenenue. Hacrosiiee nccnenoBanue HarpasiieHO Ha ()OPMUPOBAHUE CTPYKTYPHUPOBAHHOI KilacCH(DUKALNK 03eTIEHEHHBIX
KpOBEJIb, HEOOXOIMMOM JUISl CHCTEMHOT'O Pa3BUTHSI MPAKTUK 3€7I€HON apXUTEKTYpPBl  IPHPOAHOTO ypOaHM3Ma B YCIOBHSIX
poccuiickoit 3acTpoiiku. OTCYTCTBHE IEIOCTHOTO MOIX0/a K THITOJIOTH3AINH ITOTOOHBIX PEIICHUH CO3/1aeT CIIOKHOCTH IIPH
MPOEKTUPOBAHUN M BHEIPECHUM 3KOJIOTMYECKH OPHEHTHPOBAHHBIX TEXHOJIOTHH. Pa3pabarsiBaeMmasi aBTOpCKas chUcTeMa
OXBATBIBAET YETBIPE KIIOYEBBIE XapAKTEPUCTUKU M KOMIUIEKC MOJIBIEMEHTOB, YTO MO3BOJSAET KOMIUIEKCHO ONMHCHIBATh U
pa3rpaHNYMBaTh Pa3JIMIHBIC BUABI 3€JICHBIX KPBIII. Takas KiacCU(pHUKAINI MOXKET CIYXUTb 3()(EKTHBHBIM HHCTPYMEHTOM
B paboTe CIIeNNAaINCTOB, 3aHATHIX B 00J1aCTH POSKTUPOBAHHUS, CTPOUTEIBCTBA U OJIaroycTpoicTBa.

Matepuanbl 1 MeTOABI. C LIeNbI0 PACKPHITHS TEMBI IPOBEIEH KOMIUIEKC TEOPETUYECKUX UCCIIeN0BaHUN. BblTN H3yueHb!
HopMaTuBHBIe TokyMeHThI, BKIrouas ['OCT u CHull, a Taxoke mexayHapoauasie ctangaptsl LEED u BREEAM, npoana-
JIM3UPOBAHBI TPY/bI CIIEHUATINCTOB, MPAKTHYECKUE IPUMEPHI U ITyOIUKALUK B CHICHUAIM3UPOBAHHBIX UCTOYHUKAX. B nc-
CJIeJJOBAaHUH OIMCAH AJTOPUTM aHAJIH3a: H3yYeHHE KOHCTPYKTUBHBIX PELICHUH, 3KOIOTHYECKUX XapaKTepPUCTUK, IPUH-
LUIOB NPOEKTUPOBAHUS U DKCILTyaTallHH.

3erneHble KPBIIIX IPEICTABIAIOT COO0H KPOBEIBHBIE KOHCTPYKINH C PACTHTENHHOCTBIO. B 3aBHCMMOCTH OT Ha3HAYEHUS
OHH JIeJIATCS Ha SKCIUTyaTHpyeMble (JUIi OTAbIXa W aKTHBHOCTEH) M HEIKCILTyaTHpyeMble (IKOJOTHYecKHe (YHKIUH).
CTpOUTENBCTBO 3€JIEHBIX KPBILI peryaupyercs ctanaaptamu, TakuMu kak 'OCT P 58875-2020, TOCT P 54964-2012 u
T'OCT P 58709-2019. DT [OKYMEHTHI OTIPEACTISIOT TUIIBI 3€JICHBIX KPBITI, TpeOOBaHUS K MaTepHaliaM, KOHCTPYKIIHN U
MUKPOK/IMMATY IIOMELICHUH.

Pe3yabraTsl uccienoBanusi. B npouecce nccnenoBaHus pa3padoTaHa TUIIOJIOTHS, BKIIOYAIONIAs SKCTCHCUBHBIC, HH-
TEHCUBHBIC U MOJYIKCTCHCUBHBIC KPBILIH, a TAKXKe KJIACCH(UKALNK MO SKCIUTyaTallMOHHBIM, KOHCTPYKTHBHBIM, COLHU-
aJbHBIM U DKOJIOTHYECKUM KpurepusMm. IIpencraBneHsl NpuMepsl peajlu3alliid B MEXIyHapOJHOU U POCCUICKON IIpaK-
tuke. Kinaccudukanus no3BossieT yq4uThIBaTh Y€JI0OBEUSCKOE HCIIONB30BaHUE, Pa3MEIlleHNEe H YPOBEHb 03eJICHEHHs KPO-
BeJb, IpeAarasi KOMIUIEKCHYIO CUCTEMY OIMCaHUs.

OO0cy:xaenne U 3aK/I0YeHne. BHeapeHne cTaHAAPTOB 3€JCHBIX KPBIII MPEACTAaBISAET COO00I MPUHINIHNAIBHO HOBBIN
MOJXOJ K YNPABIECHHUIO )KU3HEHHBIM UKJIOM 3[JaHH, BKIIIOYasl HE TOJIBKO CTPOUTENIBCTBO, HO M YIyYIIEHHE YKOJIOTHY-
HOCTH, SHEProcOepeKeHNE U MOBBIIICHNE Ka4eCTBA )KU3HH, YTO SIBISETCS MPOLECCOM JUINTEIBHBIM M HPOTHBOPEUHBBIM,
TpeOyIOIMM BpEMEHH AJIsI aHalu3a 1 aganrtanui. OHU CIIOCOOCTBYIOT 3HEPT03((HEKTUBHOCTH, TEPMOPETYJIIALIUH, YITyd-
IICHUIO0 MUKPOKJINMATA, MIPOJICHUIO CPOKA CITY>KObI KPOBIIM U CO3JJaHHIO HOBBIX pEKPEallMOHHBIX 30H. KoHIlenus 3eme-
HBIX KPBIII — 3TO CHHTE3 apXUTEKTYPHI, SKOJIOTHH U TEXHOJIOTHH, CIIOCOOHBIN 00ECTIeYNTh YyCTOWINBOE pa3BUTHE TOPO-
JIOB M YJIyYIIUTh KauecTBO *KU3HU. KoHEeUHas 1eIb JaHHOTO NCCIIEA0BAaHH — IPEATIOKHUTh YHUBEPCABHBIN HHCTPYMEHT
TUTMOJIOTMYECKOT0 aHAJIN3a 3€JIEHBIX KPBII, KOTOPBI MOXET OBITh MIPUMEHEH B POCCUIICKOMN MPAKTUKE IS TIOBBIICHUS
3¢ PEKTUBHOCTH IPaIOCTPOUTENBHBIX PEIICHUI U YCTOWYMBOTO Pa3BUTHSI TOPOACKOM CPEJIbI.

KaroueBrble ci10Ba: KJ'IaCCI/I(I)I/IKaL[I/Iﬂ 3€JICHBIX KPOBEJIb, BU/bI KPBIII C 03CJICHCHUEM, 3€JIEHBIC KPOBJIM, BUCAYHME Caabl, 03¢-
JICHCHHE aKTMBHO MCIOJIb3yEMBbIX KpOBEJIb, MHTCHCUBHOE U YKCTEHCUBHOE 03€JICHCHHUE, IIOJJYUHTCHCUBHOC 03€JICHCHUE

Jas uutupoBanus. [llenna C.I'., banames P.B., [llaxues P.JI., [lucsio Y. CTaHmapThI 3€JIEHBIX KPHIII B 00bEKTaX CTPO-
ntenbctBa. Coepemennvie MeHOEHYUU 6 CMPpOUmenbCemee, 2padoCcmpoumenscmee U HIAHUPOBKe MeppUmopui.
2025;4(2):117-127. https://doi.org/10.23947/2949-1835-2025-4-2-117-127

Introduction. Modern challenges of urbanization and climate change are exacerbating the need for sustainable solu-
tions for the urban environment. Green roofs are complex systems combining natural elements with engineering structures
that can considerably improve the environmental and energy efficiency of buildings.

Despite the active development of technologies and positive international experience, there is no systematic classifi-
cation of green roofs in domestic practice. Existing studies only look at individual design or functional aspects resulting
in a lack of a unified approach in the design, evaluation and implementation of such solutions.

Hence there is a clear gap in the theoretical framework — the lack of a holistic typology of green roofs adapted to the
domestic conditions. This stands in the way of adopting of the technology and makes it difficult for processes to be
standardized.


mailto:ruslanbalashev33@gmail.com
https://doi.org/10.23947/2949-1835-2025-4-2-117-127
https://orcid.org/0000-0001-5214-0767
https://orcid.org/0000-0003-1586-7021

Modern Trends in Construction, Urban and Territorial Planning. 2025;4(2):117-127. eISSN 2949-1835

The aim of the study is to develop a structured classification of green roofs that accounts for architectural and spatial
parameters, functional purpose, landscaping intensity, social accessibility and technical characteristics applicable in the
domestic climatic and regulatory conditions.

Materials and Methods. Green roofs are roof structures where vegetation is planted. Depending on their functional
purpose, they are divided into exploited (intended for recreation, sports and other activities) and non-exploited (perform-
ing mainly environmental functions) ones. Designing such systems requires the use of integrated engineering solutions
for improving energy efficiency, sustainability and environmental effectiveness of buildings [1].

As part of the study, a comprehensive theoretical analysis was performed including:

—  review of regulatory documentation (including GOST standards, joint venture, international standards LEED,
BREEAM);

—  study of scientific publications on the design, operation and environmental aspects of green roofs;

— analysis of implemented facilities and standard solutions in different countries.

According to their functional purpose green roofs are classified into:

—  exploited (used for recreation, sports, recreation);

— mnon-exploited (perform mainly engineering and environmental functions).

Below are the key technological directions in the construction of green roofs:

1. Layered structure and vegetation cover. The design of the green roof includes a few functional layers: waterproof-
ing, drainage, filtering, substrate and vegetation (Fig. 1). Each uses specialized materials — from modern waterproofing
membranes to light, nutritious substrates.

Substrate

. —— Filtering layer
Water collecting and drainage layer of DSE

Protective layer
Separating film
Material for root protection

Fig. 1. Scheme of a green roof [1]

2. Water flow management. Effective distribution and use of precipitation is an important task. To this end, rainwater
collection, accumulation and reuse systems are used, as well as technologies reducing the risk of moisture retention and
damage to the waterproofing layer preventing leakage through roofing structures.

3. Improving energy efficiency. A green roof helps to reduce heat loss and overheating of buildings causing a
reduction in air conditioning and heating costs. This is achieved due to the thermal insulation properties of the soil layer
and can be complemented by energy—saving solutions, from solar panels to passive ventilation systems.

4. Air purification. Vegetation is involved in filtering pollutants and absorbing carbon dioxide. Particularly resistant
plant species are selected that can improve air quality, especially in urban areas.

5. Supporting biodiversity. Green roofs can be adapted for creating microbiotopes. Solutions for attracting beneficial
insects, birds and other representatives of fauna are employed.

6. Regulatory regulation. In order for green roof projects to be successfully implemented, it is necessary to comply
with current building standards and regulations that define:

— the requirements for the composition of the soil layer, accounting for the stability and viability of plants;

— the parameters of drainage systems ensuring the normal removal of excess moisture;

— safety and structural reliability, including the permissible load on the building's load-bearing elements.
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Standards and Regulation

In order to ensure the effectiveness of green roofs, there are standards and regulations that construction companies
and architects use in order to create environmentally sustainable facilities [1]:

— soil layers and composition: specific standards regulate the types of soil used on green roofs to ensure not only
aesthetic satisfaction, but also maximum vegetation viability.;

— drainage and sanitation: regulation includes drainage systems preventing excessive moisture retention and ensure
normal rainwater runoff.;

— security systems: an important aspect is to ensure the safety and stability of green roofs, including weight
management and structural integration.

In this country the regulatory regulation of green roofs relies on the following documents:

— GOST R 54964-2012 — establishes general requirements for the improvement of operational roofs;

— GOST R 58709-2019 — contains technical requirements and classification of green roofs;

— GOST R 58875-2020 — "the green standard" which defines the requirements for the environmental sustainability
of buildings.

In compliance with the provisions of the GOST R 58709-2019 standard "Green Roofs. General Technical Require-
ments", the classification of green roofs includes the following main types:

— Garden roofs are those with perennial vegetation that are in need of systematic maintenance;

— Roofs with lawn covering are structures where stable herbaceous plants are planted;

— Roofs with container landscaping are surfaces that are landscaped by placing vegetation in mobile containers.

The standard also provides the requirements for the key components of a green roof (Fig. 2): structural elements
(including the bearing capacity of the floor, waterproofing layers, drainage system, thermal insulation materials); used
materials (their environmental safety, resistance to moisture, durability); plant communities (permissible species, their
agrotechnical characteristics, seasonal sustainability).

Fig. 2. Constructive solutions of the green roof:
1 — roof surface, waterproofing; 2 — protective and accumulating layers; 3 — drainage; 4 — protection from root germination;
5 — soil layer; 6 — plants [1]

Particular attention in the regulatory framework is paid to ensuring a favorable microclimate inside buildings. Hence
according to GOST R 54964-2012, the temperature parameters in residential and public premises should range from 20
to 28°C at a relative humidity of 40 to 60%. Green roofs contribute to the thermoregulation of the interior of the building,
reduction of the air temperature in the warmer months and thereby improvement of the microclimatic performance.

Research Results. The history of green roofs goes back a few decades when the technology has witnessed considerable
changes. Approaches to standardization and classification of these structures were gradually formed. As a result of the
gained experience, a unified typology of green roofs has been developed recognized by the international professional
community, particularly by landscape architects.

The most common classification is based on the following criteria:

— load-bearing capacity of the roof;

— thickness and weight of the soil substrate;

— range and requirements for vegetation;

— the possibility and nature of human presence.
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According to this typology, there are three major types:

1) extensive roofs — minimal maintenance, thin soil, weather-resistant plants;

2) intensive roofs are complex plantings including shrubs and trees that are in need of maintenance and reinforced
construction;

3) semi-extensive roofs are an intermediate option combining elements of the two previous types.

The development of a classification system makes it possible to provide a comprehensive description of the types of
green roofs, their purpose, design features and social accessibility.

The classification of green roofs in this study is considered as a systematic approach allowing a description of a
complex multilevel structure of elements and their interrelationships. It is based on the interaction of three key compo-
nents determining the architectural, spatial and functional organization of a green roof: the roof surface, human presence
(use) and the vegetation layer. The ratio and degree of involvement of these elements make it possible to identify different
types of green roofs as shown in the diagram (Fig. 3) [5].

GREEN ROOFS

Operational Location in relation Intensity Social
purpose to the soil of planting class

Fig. 3. Classification of green roofs by gender [5]

Deciding whether a person will use the roof for their own purposes is a key point in the natural classification of roofs.
This classification includes the first aspect — the division into operational and non-operational roofs (Table 1).

Table 1
Classification according to the degree of exploitation
Ne Type of green roofs Description
1 |Operated (without vehicle access) Recreation areas, playgrounds, landscaped terraces (Fig. 4-7, 15)

2 |operated with the possibility of travel Parking lots, roofs with walkways and access to equipment

(Fig. 5, 9, 10)
3 |Partially exploited Used on separate sections of the roof
4 |Unexploited Perform only environmental and thermal insulation functions

The usable flat green roof offers a wide range of opportunities for recreation, physical development and rehabilitation.
If the roof is completely covered with plants and a person is there only for maintenance (e.g., a gardener or a professional),
such a roof is considered unused [5].

Depending on which type of green roof is being used, it performs various functions ranging from ecosystem-based
(e.g., improving air quality or supporting biodiversity) to functional (e.g., creating space for recreation or sports). Let us
consider the advantages of these species in the context of human interaction. Each type of green roof has its own charac-
teristics depending on the specific needs of a building or an area. Operational roofs, e.g., provide additional opportunities
for using space making them especially attractive in conditions of a limited urban area. Apart from the environmental and
aesthetic advantages, different types of green roofs have functional features that depend on the degree of their operation.
E.g., roofs intended for active use can be equipped to accommodate vehicles or install special equipment. It is to be noted
that the operation of such roofs (e.g., for parking) is possible only in accordance with the terms of reference regulated by
standards and building codes [5].

Green roofs are found on a variety of levels — on the ground, on the balcony, on the pedestrian passing and on the roof
of the building, regardless of the number of floors (Table 2).
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Table 2
Classification by location relative to ground level

Ne | Type of positioning Examples and features

1 |Green roofs of buildings |Roofs located on the upper floors of residential, public, and industrial buildings (Fig. 4)

2 |Terraced roofs Roofs located on the upper floors of buildings with terraces or terraced buildings (Fig. 6)

Roofs on underground|Roofs located on basements and ground floors of buildings, including various levels,
levels above parking lots, shopping malls, and technical floors (Fig. 6, 11, 12)

Gardens located on various levels of above-ground parts of buildings, special platforms,

4 [Hanging gardens bridges and overpasses (Fig. 8, 9)

Landscaped exploited roofs and gardens typically belong to different owners — from municipalities and owner asso-
ciations to private individuals forming their social accessibility (Table 3).
Table 3
Classification by social affiliation (access)

Ne | Type of social accessibility Description

publicly accessible, multifunctional territories with a high recreational load reducing
1 |Public operated roofs the total area of landscaping and requires the sustainability of the plant assortment used

(Fig. 7)

Penthouses, villas, clubhouses (Fig. 16-17). Plants of different types are used depend-
ing on the needs of the owner, the general style, but accounting for the climate, wind
load and care options in accordance with design standards.

Private green roofs and ter-
races

Operational green terraces of public buildings are designed for recreation and recreation,

3 |Public green terraces . . . . . .
ublicg various types of landscaping provided in special containers and flowerpots. (Fig. 6)

Operational green terraces in private properties decorate historical and modern build-
4 |Private landscaped terraces |ings, enriching the urban environment with a variety of plants and high-quality mainte-
nance. (Fig. 17)

Green roofs and gardens are becoming accessible to both municipalities and homeowners' associations or individuals,
which serves as a proof of their social importance. Besides, such roofs have an impact not only on improving the urban
environment, but also on tackling environmental problems related to the influence of the technosphere. In one of the
studies performed in order to identify the vulnerability of cities, it was found that the biosphere can play a major role in
balancing the impact of the technosphere and the economy. E.g., in some European countries, the temperature of tradi-
tional roofs in summer can reach as high as 90 °C, while on green roofs it does not go beyond 50 °C, which can dramati-
cally reduce the thermal impact on the environment. Hence the temperature difference between conventional and green
roofs can be over 40 ° C, which makes the latter an effective tool in combating overheating of urban areas.

Green roofs can vary significantly — from lawns to planting trees and shrubs. The classification function "greening
intensity" allows one to identify a few main categories (Table 4) [9].
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Table 4
Classification according to the intensity of landscaping

z

Type of a green roof

Characteristics

Hanging gardens

High density, large plants, including trees and shrubs, producing the impression of a garden
on a natural landscape (Fig. 8, 9)

Celestial oases

They occupy upper floors or flat roofs concentrated in the thick of the urban landscape, with
rich plantings of various textures. They are approaching mini-squares and public spaces in
scale (Fig. 5)

Earthly paradises

They are located on the Earth’s surface: on the roofs of underground structures, parking lots,
parks, etc. (Fig. 10-12). Landscaping with trees, shrubs and flowers is used to produce the
impression of a garden.

Sparse landscapes

Green roofs on artificial bases are sparse plantings of lawns, meadows and shrubs (Fig. 11).
The key function is recreation, sports, transit traffic. They are particularly relevant for court-
yards, business and shopping complexes.

Extensive roofs

Flat or curved structures covered with a single layer of lawns, groundcover, or meadow plants.
They serve ecological and aesthetic purposes and are not designed for permanent residence
(Fig. 13)

\Water worlds

They are created on artificial grounds to improve the microclimate. Water is the main theme
of the project. Ponds, cascades are water elements for a microclimate (Fig. 14)

Fig. 4. Children's playground on the roof on the roof of Fig. 5. Underground parking roof garden, Baden-Baden

a multi-storey parking lot. Copenhagen (2018) [8] (2019) [8]

Fig. 6. Terraced house and green terraces. Arch. Bjarke Flg. 7. Garibaldi Square - green roof in use,
Ingels Group. Copenhagen (2018) [8] Milan (2016) [8]
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Fig. 8. Hanging garden. Tsarskoe Selo (18th century, Fig .9. Hanging garden above De Sants Metro Station,
2017) [8] Barcelona (2022) [8]

1. Y

Fig. 10. Ground-level park - Zaryadye Park Moscow Fig. 11. Lawns of the operational roof of the shopping
(2021) [8] center on Amsterdam’s Museum Square (2013) [8]

Fig. 12. Schouwburgplein Square on the parking roof. Fig. 13. Green roof of the Museum of Modern Art.
Architect West 8. Rotterdam (2013) [8] Frankfurt am Main (2016) [8]

Fig. 14. Water garden above the parking lot. The Design Fig. 15. Operational green roof. Eco-hotel. Normandy
Museum. Barcelona (2022) [8] (2012) [8]

Fig. 16. Club green roof of the Skolkovo Business Fig. 17. Private terraces of the ”Vertical Forest" Architect
School. Moscow (2011) [8] Stefano Bori. Milan (2016) [8]
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The benefits of using green roofing (Table 5) are as follows [10]:

- possibility of a dramatic increase in the energy efficiency of buildings leading to a reduction in energy costs and
optimization of resource use;

- effective measures in order to combat the urban "heat island" by reducing the temperature in the urban environment;

- noise reduction by means of vegetation in order to absorb sound waves;

- rainwater capture, thereby reducing the burden on the urban sanitation system;

- improving air quality and reducing environmental pollution;

- extending the service life of roofs and reducing the need for them to be replaced,;

- creating additional green recreational spaces for public use;

- restoring the biodiversity of urban ecosystems and providing a natural habitat for different animal species [12].

Table 5
Positive effects of using green roofing [11]
Category Benefit Owners / investors| Users / tenants | Local community
Improving the nergy efficiency of a W W N
building
Reducing the load on heating, ventila- W W o
tion, and air conditioning systems
Increase in the value of real estate W N o
Economic Increasing the service life of a roofing W W \
Improving the efficiency of using solar W W J
panels
Reducing the cost of creating and main-
taining drainage systems and storm sew- W W o
ers
Increasing the aesthetic appeal of urban
Architectural and development, improying the physical ap- W W W
. pearance of buildings and structures
urban planning - — —
Improymg bundlng_energy efficiency W W J
and environmental friendliness evaluates
Reducing the ,,heat island* effect o W W
Improving the air quality o W W
Carbon sequestration (greenhouse gases) o W W
Stormwater runoff accumulation o W W
Environmental | Reduction of stormwawter runoff peaks o W W
Reducing urban noise levels o W W
Recreating the natural environment o o W
Conservation of biodiversity in urban ar- o o W
eas
Creating new jobs W o W
Social Creating new functional and public
I paces P W W W
Citizen involvement in urban/rural de- N W W
Social velopment
Opportunity for food production \ W W

\V — a great effect
N — a medium effect
o — a zero or an almost zero effect

Discussion and Conclusion. The introduction of green roof standards is not merely a new element in construction,
but a whole different approach to building lifecycle management. This approach includes not only the construction and
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equipping of facilities, but also ensuring environmental sustainability, energy conservation, and improving living stan-
dards. However, introducing green roofs into the construction sector is lengthy and ambiguous and also requires time to
be optimized and adapted.

The successful and common use of green roofs requires support at the legislative level, as well as a change in the minds
of those involved in the construction process who are willing to adapt to new standards and implement environmentally
sustainable solutions. From the standpoint of urban planning, the concept of green roofing is an indisputable benefit for
developers since it brings together improvement of physical appearance as well as environmental parameters of buildings
with effective technologies in order to reduce energy consumption and conserve resources. Therefore green roofing is beco-
ming an innovative solution combining functionality and aesthetics as well as environmental consciousness. Standards and
regulation in this context have a key role to play in ensuring sustainability and effectiveness of such systems, making them
an essential step to designing more environmentally friendly cities that contribute to public well-being.
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