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Reducing the carbon footprint of buildings
to improve sustainable development
mechanisms of the construction complex

The construction industry’s impact on the environment is overwhelming. Construction and industrial activities
account for about 40 % of the global energy consumption that translates into about one third of global greenhouse
gas emissions. The rapid growth of property development and attention to global climate change make the reduction
of greenhouse gas emissions a promising area of research. The importance of the carbon impact assessment
throughout the life cycle of buildings implies the improvement of emission reduction methods associated with
the production and transportation of building materials, selection of optimal design solutions. Evaluation becomes
key to the economic modeling of green low-carbon construction. The article addresses the current methods of
the eco-economic assessment of the carbon impact of residential buildings at early stages of construction projects.
Key construction resources, critically affecting the eco-performance of buildings, are identified. The comparative
analysis of functionally equivalent design solutions for mid-rise residential apartment buildings, designed and
constructed in the Belgorod region, is carried out. The study shows that the introduction of low-carbon principles
into the design of residential buildings should and can be supported by the improved eco-economic evaluation of
the construction project efficiency. This allows to capitalize the carbon impact of residential buildings and stimulate
the use of effective green low-carbon motivation tools in the building market.
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INTRODUCTION

he construction sector, being a material and en-
Tergy intensive manufacturing industry, has

a significant impact on the environment and
a direct impact on the development of sustainable ter-
ritories and the implementation of the concept of low-
carbon state development [1]. Residential construction
grows year-by-year thanks to the implementation of the
state programs, focused on providing affordable and
comfortable housing and directly related to the in-
crease in the production of building materials and con-
struction machinery. Hence, this trend emphasizes the
critical importance of the construction industry as the
principal indicator of the state development, in gener-
al, and the core constituent of the manufacturing and
construction sector of the economy, whose eco-sus-
tainability is impossible without effective economic
motivation tools'. Construction intensification, being a
tool for attaining the social objectives of national devel-
opment, must cause a minimal increase in the environ-
mental impact, since environmental safety is an equal-
ly important priority of the future public development.
Since construction and manufacturing are among the
main sources of global greenhouse gas (GHG), emis-
sions and residential construction rise every year. Ef-
fective widescale decarbonization of construction of
residential buildings and civil engineering facilities is
the way to reduce GHG emissions and implement the
Strategy for the long-term development of the Russian
Federation through 2050, that entails low greenhouse
gas emissions (according to the 2018 report of the In-
tergovernmental Panel on Climate Change (IPCC)) [2].

1 Global Sustainability Report 2020 — Buro Happold. 2021.
URL: https://www.burohappold.com/publications/global-sustainability-
report-2020/

To achieve the target values of GHG emissions by
2050, it is necessary to introduce low-carbon princi-
ples of evaluation, monitoring and capital construction
management into the practice of engineering design
and economic analysis and offer effective, efficient
and self-sustaining instruments for the economic eval-
uation of the carbon impact (Cl) in respect of newly
constructed and renovated buildings [3].

THE MAIN PART

According to EN 15643-4:2012 “Sustainability of
construction works. Framework for the assessment
of economic performance”, sustainable develop-
ment of industrial production and construction in-
dustries is a key management task at all stages of
the life cycle (LCC) of a construction project. The
implementation of this principle facilitates the devel-
opment of optimal cost-effective low-carbon design
solutions at initial stages of a project, including the
feasibility study and selection of building materials,
products and structures, machinery and construc-
tion technologies. However, an extensive methodo-
logical framework, currently used for quantifying
GHGs, is still not adequately represented in the in-
struments for its economic evaluation [4, 5]. Cur-
rently, about 70-80 % of GHG emissions are associ-
ated with the operational phase of buildings (B 1-7),
while embodied emissions are primarily associated
with the production of building materials (A1-A3),
transportation (A4) and construction procedures
(Ab), as well as emissions at the end of the life cycle
(C1-C4) [6]. The World Green Building Council iden-
tifies emissions at stages A1-A5 as the “upfront car-
bon”, which is becoming increasingly important in
evaluating Cl during the LCC (Fig.).
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The ratio of preliminary GHG emissions at stages A1-A5 varies structural design and collect data on various types of facilities in
depending on the type and purpose of a building, its special ar- different countries: Australian Sustainable Built Environment Coun-
rangement and structural solutions [7]. The main sources of up- cil, Building Research Establishment (BRE), C40 Cities Climate
front carbon include energy and resource-intensive building ma- Leadership Group, Danish Building Research Institute — Aalborg
terials, products, structures and processes at the stages of University, Nanyang Technological University, Saint-Gobain, Glob-
procurement of raw materials and construction (supply of raw al Alliance for Building and Construction (GABC), Architecture
materials, production of materials, transportation, etc.) [8]. For the 2030, etc.
preliminary evaluation of GHG emissions for a designed building In order to demonstrate the proposed construction principles,
it is necessary and sufficient to determine the amounts of princi- the co-authors developed an improved methodology for assessing
pal energy and resource-intensive building materials at the early the carbon intensity of a construction project at the preliminary
stages of design. This will allow to carry out the economic analysis stage of design, selected the key resources for the twenty projects
to identify the areas of optimization of structural and spatial solu- of residential apartment buildings in the Belgorod agglomeration,
tions at the stage of design and project budget development. The belonging to the same group by the floorage, the functional pur-
building information modeling (BIM) technology is increasingly pose and equivalent design solutions, that represented a mono-
used in the design practice, also to perform the quantitative as- lithic reinforced concrete (RC) frame (Table 1). This methodology is
sessment of the resource intensity of design solutions, although it a basic construction management tool, that takes account of the
needs effective tools for their interpretation, including the carbon building’s carbon footprint.
impact assessment. BIM principles, used to design efficiency The selection allowed the co-authors to analyze the relation-
evaluation instruments, have proven that the project resource in- ship between the amount of key construction resources and indica-
tensity is highest at the pre-project stage, when the detailed tors of space-planning solutions of buildings (area, number of sto-
amount of construction resources is unavailable. Hence, methods reys, structural density) using linear multiple regression, which
of analyzing the resource intensity of structural solutions at early demonstrated a stable, strong and qualitative regression relation-
stages of design gain in importance [9]. Therefore, further deve- ship (Table 2).
lopment of methods for the quantitative assessment of the re- These dependencies not only demonstrate a relationship be-
source intensity of construction and its carbon impact becomes tween the key indicators of the resource intensity and SPS of resi-
an effective tool for the instant diagnostics of structural solutions dential buildings, but also provide an effective algorithm for the pre-
used to assess building sustainability [10] and the implementation liminary assessment of design solutions at the stage of their
of its economic incentive mechanisms. feasibility study, thus eliminating the most resource-intensive solu-
The monitoring of embodied carbon, or the total GHG emis- tions and focusing the designer's attention on those of them that
sions associated with the process of using construction resources feature the highest carbon efficiency [12]. The methodology devel-
throughout the building life cycle is a relatively new area of re- opment by adding other structural and process patterns to the ana-
search, whose results have been implemented neither in any stan- lyzed samples and analyzing an expanded list of construction re-
dards or regulations, nor in a preliminary carbon impact assess- sources (masonry, finishing, lumber, composites, plastics, etc.) will
ment of construction projects at early stages of design [11]. A serve as the basis for a fast evaluation of the resource and carbon
variety of international developers use decarbonization methods in intensity of buildings and structures, thus, quantitatively formalizing P>
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Table 1. Selective resource intensity of mid-rise residential apartment buildings having monolithic RC frames in the Belgorod region

Space-planning solutions (SPS) Construction resources
Project
No. Total area (A), m? Number Structural floor density | oy, en. concrete, m* | <GPrsAJAA: Steel, t <CPrACA: wall
of storeys (S), pcs. | (D), m® walls/m? area masonry materials, pcs.
1 1,223.5 3 0.1 331.0 13.0 290.5
2 1,395.0 3 0.13 280.7 15.6 4341
3 1,448.1 3 0.15 359.5 131 274.9
4 1,475.5 3 0.13 370.6 15.6 174.0
5 1,492.2 3 0.10 3313 14.9 336.3
6 1,984.2 3 0.10 289.8 14.3 382.5
7 3,512.0 3 0.1 711.0 47.0 620.2
8 1,876.8 5 0.13 290.7 13.7 250.1
9 2,776.0 5 0.11 759.9 2141 481.9
10 3,257.0 5 0.15 612.8 74.6 647.6
11 3753.6 5 0.14 748.0 45.2 491.4
12 4,232.2 5 0.10 810.2 441 800.5
13 4,260.0 5 0.11 1,041.7 65.3 686.4
14 4,998.6 5 0.11 940.6 59.7 879.1
15 5,374.4 5 0.11 870.1 47.6 785.0
16 6,109.0 5 0.10 1,003.1 56.3 607.7
17 6,192.9 5 0.14 976.3 49.9 867.9
18 6,839.1 5 0.1 1,980.2 56.8 862.7
19 8,805.8 5 0.14 2,079.0 63.3 641.5
20 8,826.4 5 0.13 2,661.0 66.6 1,010.1
Table 2. Regression models of a number of construction resources: concrete, steel, wall masonry materials
<CMa>CD =—514.3D + 0.27A — 31,595 R2.pm = 0.889, F(116.2) >F,p ey (4.5%10-11)
<CPr>AJAA = - 65.17D + 0.005A - 6.1S R o = 0.863, F(75.0) >Fypmina (1.2¢109)
<CPr>ACA = 300.75D + 0.07A + 61.57S R? oy = 0.892, F(122.6) >F iy (3.0x1071)

the principle of low-carbon design. It will also enable methodology
users to proceed to the design support, sustainable construction,
and construction industry development [13].

Economic incentive mechanisms, that boost low-carbon de-
velopment, include the preliminary evaluation (and full evaluation
at further stages of design) of the resource intensity of design
solutions and the cost assessment of the carbon impact of key
construction resources in the form of a conditional ecological tax
(EcoT) [14]. EcoT is a tool that objectively evaluates the environ-
mental sustainability of the industry and represents an effective
state regulation mechanism that allows for the additional assess-
ment of the project, taking into account the degree of the project
development, with regard for the regional market of green

materials and solutions and the local specificity of the construc-
tion industry [15]:
ECC,_,, —ECC

ECOT — max min K,
CO,,... —CO

2max 2min

where ECC,,,, is the maximum estimated cost of the building con-
struction; ECC,,, is the minimum estimated cost of the building
construction; CO,,y, is the maximum carbon footprint of the buil-
ding; CO,p,i, is the minimum carbon footprint of the building; K is
the multiplier used to selectively assess and regulate the degree of
economic interest of developers in the application of green tech-
nologies broken down by sectors and types of buildings. Buildings
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are selected according to the construction projects of a similar fo-
cus implemented in the region.

In this case, the key factor of the green developers’ efficien-
cy is their active involvement in the implementation of state-fund-
ed construction projects. In this regard, given the initial less eco-
nomically preferable bidding price offer coming from green
developers, it is advisable to introduce the institution of green
developer certification and using it as the basis for regulating

bidding preferences and rising the competitiveness of green de-
velopers [16].

The rational use of bidding preference regulation tools will allow
executive authorities to regulate the degree of involvement of the
state in the green building development in the regions [17]. An ex-
ample of the proposed concept of assigning bidding preferences
to green developers, based on their green certification, is provided
in Table 3.

Table 3. The concept of bidding preferences aimed at the effective functioning of the institution of green certification of developers

Green certificate for developers | % EcoT to the total cost of buildings completed by the developer Bidding preferences
Priority right to obtain large contracts, maximum credibility
A 0...10 ) ) .
in the course of evaluation of bidding documents
B 125 Preferences in obtaining large contracts, high credibility
in the course of evaluation of bidding documents
General contract placement procedure, minimum credibility
C 26...99 ) ) .
in the course of evaluation of bidding documents
CONCLUSIONS 6. Fenner A., Kibert C., Woo J., Morque S., Razkenari M., Hakim H.

Fundamental areas of improvement of the system of construction
and industry sustainability support, presented in the article, employ
the tools of economic stimulation of low-carbon development as
an essential constituent of the building life cycle. The rapid assess-
ment of the resource intensity of construction projects in respect of
several types of construction resources and potential space-plan-
ning and structural solutions is proposed by the co-authors. The pro-
posal has a set of initial data used for the quantitative assessment of
a capitalized carbon impact of a building and generation of institu-
tional instruments to motivate developers to use green technologies.
For buildings designed using BIM, the proposed technology will en-
able the real-time management of estimated supplementary eco-
costs by optimizing the design solutions in terms of the investment
cost of construction projects. As a result, an effective tool will be im-
plemented to assess the carbon impact of buildings throughout their
life cycle in conjunction with measures aimed at reducing operation-
al GHG emissions. It will contribute to the improvement of the instru-
mental support of conversion to the low-carbon sustainable develop-
ment of the entire construction industry.
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CoBepLueHCTBOBaHME MEXaHU3MOB
YCTOMYMBOIro pa3BUTUS CTPOUTENIbHOIO
KOMMJieKca nyTem CoKpalleHus
yrnepogHoro BO3fencTBus 3gaHun

BnnsHve cTpouTensHOM oTpacin Ha OKpYXXatoLLyto cpefly Heocrno-
pyMo: okomo 40 % 06LLEero MMPOBOrO MOTPEBSIEHNS SHEPIUM CBS-
3aHO CO CTPOUTESIbHOM U MPOMBILLINIEHHON AEATENbHOCTBIO, YTO CO-
CTaB/sET OKOJIO TPETU N06asbHbIX BbIOPOCOB NMapHUKOBBIX ra30B.
VIHTEHCVIBHBIN POCT CTPOUTENLCTBA, B MEPBYIO O4EpEnb B XKUMMLLI-
HOM CEeKTope, Y BO3pOCLLUEee BHUMaHWE K rno6asnbHbIM U3MEHEHW-
AM Knumata fenaeT BOMpoChl COKPaLLEeHUs BbIGPOCOB NMapHUKOBbIX
rasoB W nepexofa K HWU3KOYrNepoAHOMY YCTOMHYMBOMY PasBUTMIO
NepcrneKTMBHbIM HarnpaBfieHneM UccrenoBaHus. BaxHocTb OLeH-
KW YrnepoaHOro BO3AEVICTBUA B TEYEHME BCEro XMU3HEHHOTO LKA
3[j@aHVI, KOTOPOE CTAHOBUTCSH OCHOBOW 3(PEKTUBHBLIX MHCTPYMEH-
TOB 9KOHOMWYECKOTrO CUMYNMPOBAHWS 3€MEHOr0  HW3KOYrIepoa-
HOro CTPOWTENbCTBA, OOYCIOBMEHA MEPCrneKTMBamu ONTUMKU3a-
LMW Ha ero OCHOBE MPOEKTHbIX W OpPraHM3aLMOHHO-TEXHUHECKUX
peLleHuii B CTpouTenbCcTBe. B cTaTbe BbINOMHEH aHanm3 CyLuecT-
BYIOLLIMX METOOOB 3KONOrO-3KOHOMUYECKOW OLEHKN YriepoaHOro
BO3EVCTBUSA XWMbIX 30aHWNI Ha PaHHUX dTanax peanv3aumm nHee-
CTULINOHHO-CTPOUTESbHbIX MPOEKTOB, BbIfABJIEHbl KItOYEBbIE CTPOU-
TenbHble Pecypcbl, KOTOPbIE KPUTUHECKN BAUSAIOT Ha ero 3Kosorn-
4eckyto 3(PPeKTUBHOCTb C MO3ULMN MUHUMMU3ALWMWN YTIIEPOJHOIO
BO3ENCTBUSA, MPOLEMOHCTPYPOBAH MEXaHWU3M 3KOJI0rO-9KOHOMM-
YECKOWM OLIEHKM U paHXXMPOBaHUsA (PYHKLMOHAIBHO U KOHCTPYKTVB-
HO 9KBMBAJIEHTHBIX MPOEKTHBIX PELLEHNI XWITbIX MHOTOKBaPTUPHbIX
[IOMOB CPefHeN 3TaXHOCTM, 3anpOeKTUPOBAHHbIX 1 peannayemMbix
B benropoackon arnomepaumn MOCPELACTBOM CPaBHUTENBHOrO
aHanu3a ux yrnepofHoro BO3AencTeusA. ABTOpamm nokasaHo, YTo
BHE[PEHVE HU3KOYrMepoaHbIX MPUHLIMMOB YCTONYMBOIO pasBUTUS
B MPaKTVKY NMPOEKTUPOBAHNS XMITbIX 3AAHUIN JOIMKHO 1 MOXET ObITb
MOAKPENSIEHO COBEPLUEHCTBOBAHHLIMW METOAMKAMMU 3KOHOMMYE-
CKOW OLIEHKM 3PEKTUBHOCTN MHBECTULIMOHHO-CTPOUTENBHbBIX MPO-
€KTOB C NO31LMM AeKapOoHM3aLmMK CTPOUTENBCTBA, KOTOPbIE MOHE-
TU3VPYIOT HaTypasibHOE YrnepofHoe BO3AENCTBUE XUSbIX 3OaHUN 1
CTaHOBSATCA OCHOBOW AENCTBEHHbIX MHCTPYMEHTOB PbIHOYHOW MOTY-
BaUun y4aCTHUKOB MHBECTULIMOHHO-CTPOUTESIbHOIo npoLlecca K rne-
pexopy Ha 3efeHble HU3KOYrepoaHbIe TEXHOMOM.

KrnroueBble crnoBa: ycTon4mBoe pa3BuUTtne, 3e/IEHOe CTPOUTESILCT-
BO, HU3KOYriiepogHoe CTpoUTesIbCTBO, yriiepogHoe BO3fevicTBme
3f[aHU, SKOHOMUHeckasi SCb(beKTMBHOCTb CTPOUTEJIbHbIX [POEeKTOB

JINTEPATYPA

1. Termuerko B.M., BeHyx A.A., Pyas H.C., Vevie O.Y. MapameTpbi
POEKTUPOBaHNST KOMGOPTHOV Cpesbl XN3HE[ESTE/TbHOCTU B HOP-
MaTUBHOV [OKYyMeHTaumm // [pOMbILLIIEHHOE Y IPaX[aHCKoe CTpou-
TenbeTBo. 2020. Ne 5. C. 51-56. DOI: 10.33622/0869-7019.2020.
05.51-56

2. Singh S. Cost estimation of structures in commercial buildings.
Palgrave; 2013. URL: https://link.springer.com/book/10.1007/978-1-
349-13030-6

3. Dixit M., Ferndndez-Solis J., Lavy S., Culp C. Identification of pa-
rameters for embodied energy measurement: A literature review //
Energy and Buildings. 2010. Vol. 42. Issue 8. Pp. 1238—1247.
DOI: 10.1016/j.enbuild.2010.02.016

4. Arrigoni A., Panesar D., Duhamel M., Opher T., Saxe S., Posen I.
et al. Life cycle greenhouse gas emissions of concrete containing
supplementary cementitious materials: cut-off vs. substitution //
Journal of Cleaner Production. 2020. Vol. 263. P. 121465. DOI: 10.
1016/j jclepro.2020.121465

5. Pacheco R., Orddiez J., Martinez G. Energy efficient design of buil-
ding: A review // Renewable and Sustainable Energy Reviews. 2012.
Vol. 16. Issue 6. Pp. 3559-3573. DOI: 10.1016/j.rser.2012.03.045

6. Fenner A., Kibert C., Woo J., Morque S., Razkenari M., Hakim H. et
al. The carbon footprint of buildings: A review of methodologies and
applications // Renewable and Sustainable Energy Reviews. 2018.
Vol. 94. Pp. 1142-1152. DOI: 10.1016/j.rser.2018.07.012

7. TenmdeHko B.W. OT 9KOMOrn4ecKoro m «3e/1eHOr0» CTPOUTESLCT-
Ba — K 9KOJI0rm4eckori 6e3ornacHocTy ctpoutesnbeTaa // [poMbiLL-
JIEHHOE U rpaxpaaHckoe cTpoutenbeTBo. 2011. Ne 2. C. 47-51. URL:
http//pgs 1923.ru/ru/index.php?m=4&y=2011&v=02&p=00&r=15

8. Avilova I.P., Krutilova M.O. Methodology of ecooriented assess-
ment of constructive schemes of cast in-situ RC framework in civil

engineering // IOP Conference Series: Earth and Environmental Sci-
ence. 2018. Vol. 107. P. 012127. DOI: 10.1088/1755-1315/107/1/
012127

9. TabyHwmkos tO.A., paHeB B.B., Haymos A.J1. PevituHroBas cuc-
Tema OLeHKU MPOEKTOB XW/IbIX U OOLLECTBEHHbIX 3[aHUV BbICOKOU
SHepreTn4eckor u akonorndeckor aghghektmsHocty // ABOK. 2010.
Ne 7. URL: https://www.abok.ru/for_spec/articles.php?nid=4690

10. HaymoB A.E., VisaHoB A.B., KyHHyes (O.LLI. Mogenn nporpamm-
HbIX PELLEHWE npy yrpaBieHnm pasBUTUEM FOPOACKOro Xo3sicTea
B YCrIOBUSIX HEOMNpeseneHHocT! // HeaBumXumocTb: SKOHOMMKA,
ynpasnenne. 2016. Ne 2. C. 51-58. URL: https://www.elibrary.ru/item.
asp?id=26562214

11. Telichenko V., Rimshin V., Kuzina E. Methods for calculating
the reinforcement of concrete slabs with carbon composite materials
based on the finite element model / MATEC Web Conference.
V0l.2018.251.P.04061.DOI: DOI: 10.1051/mateccont/20182510406 1
12. Waldman B., Huang M., Simonen K. Embodied carbon in
construction materials: a framework for quantifying data quality in
EPDs // Buildings and Cities. 2020. Vol. 1. Issue 1. Pp. 625—-636. DOI:
10.5334/bc.31

13. Norman J., MacLean H.L., Kennedy C.A. Comparing high and
low residential density: life-cycle analysis of energy use and green-
house gas emissions // Journal of Urban Planning and Development.
2006. Vol. 132 (1). Pp. 10-21. DOI: 10.1061/(ASCE) 0733-9488(2006)
132:1(10)

14. Hacker J.N., De Saulles T.P., Minson A.J., Holmes M.J. Embod-
ied and operational carbon dioxide emissions from housing: a case
study on the effects of thermal mass and climate change // Energy
Build. 2008. Vol. 40. Issue 3. Pp. 375-384. DOI: 10.1016/j.en-
build.2007.03.005

15. Fenner A.E., Kibert C., Woo Junghoon, Morque Sh., Razke-
nari M., Hakim H., Lu Xiaoshu. The carbon footprint of buildings:
A review of methodologies and applications // Renewable and Sus-
tainable Energy Reviews. 2018. Vol. 94. Pp. 1142-1152. DOI: 10.
1016/j.rser.2018.07.012

16. Avilova I.P., Naumov A.E., Krutilova M.O., Dakhova D.D. Low-
carbon principles of eco-éefficient construction development // Lecture
Notes in Civil Engineering. 2020. Vol. 95. Pp. 45-51. DOI: 10.1007/978-
3-030-54652-6_7

17. Ausoa W.I1., Kpytunosa M.O., HaymeHko B.B. VIHCTpymeHTbI
OLIEHKN 3KOJI0r0-3KOHOMMHECKOVN 9GhQOEKTUBHOCTY MPOEKTHbIX pe-
LLIEHWH B XXWITNLLHO-TPaXAaHCKOM CTpounTesbcTae // CTPOUTEbCTBO:
Hayka n obpasosaHue. 2019. T. 9. Buin. 4. Ct. 8. URL: http://nso-
Jjournal.ru DOI: 10.22227/2305-5502.2019.4.8

06 aBTOpax: CyBopoBa Mapus OnerosHa — crapLumii npeno-
paBatenb Kadpefpbl SKCMepTu3bl U YNpaBneHUs HepBYXUMO-
cTbto; Benropoacknii rocygapCcTBeHHbIA TEXHOJIOrMYeCKUn
yHuBepcutetr um. B.I'. lWlyxosa (BI'TY um. B.I'. Llyxosa);
308012, r. benropog, yn. KocTiokoBa, g. 46; PUHL| ID : 811292,
Scopus: 57196246833, ResearcherlD: AAC-4403-2019, ORCID:
0000-0001-7423-6866; marykrutilova @ gmail.com;

Asunosa WpuHa MaBnoBHa — KaHAMAAT 3KOHOMUYECKNX HayK,
npodpeccop kadeapbl 3KCNepTU3bl U yNpaBneHns HeaBUXKUMO-
cTbio; Benropoackuini rocyaapcTBeHHbIN TEXHONOTNYECKUI
yHuBepcuteT um. B.I'. lWlyxosa (BI'TY um. B.l'. Llyxosa);
308012, r. Benropog, yn. KocTtiokoBa, a. 46; PUHL| ID 646843,
Scopus: 57164826800; kafeun @ mail.ru;

HaymoB AHppen EBreHbeBUY — KaHanaaT TEXHUYECKUX HayK,
OOLEHT, 3aBefyoLLni kadheapon 3KCNepTu3bl U ynpaBieHns He-
OBWXMMOCTbI0; Benropoackuii rocysapCcTBeHHbIA TEXHOJIO-
ruyeckun yHmsepcutet um. B.T". llyxosa (BI'TY um. B.T. Ly-
xoBa); 308012, r. benropog, yn. KocTtiokoBa, g. 46; PUHL| ID:
683551, Scopus: 56448117200, ResearcherlD: K-1704-2018,
ORCID: 0000-0002-8162-1946; andrena @ mail.ru.

For citation: Suvorova M.O., Avilova I.P., Naumov A.E. Reducing
the carbon footprint of buildings to improve sustainable develop-
ment mechanisms of the construction complex. Real estate: eco-
nomics, management. 2021; 3:56-60.

Ons uutnpoBanus: CyeBoposa M.O., Asunosa .., Haymos A.E.
Reducing the carbon footprint of buildings to improve sustainable
development mechanisms of the construction complex // Hegsu-
XXUMOCTb: 93KOHOMMKa, ynpasneHne. 2021. Ne 3. C. 56—-60.



