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Abstract

Introduction. The research is devoted to developing effective methods for managing construction waste on residential
sites in dense urban areas. Innovative approaches to waste management are set forth, including separate collection, digi-
talization of processes and modern primary treatment technologies in compliance with the requirements of ecology and
resource conservation.

Materials and Methods. The study was conducted using the method of aggregated calculations of waste volume using
the example of an actual housing construction facility with an area of 20,000 m?2. The assessment was performed based
on the distribution of waste by categories and stages of production (excavation, monolith, installation, engineering net-
works, finishing, landscaping). The average coefficients of waste generation and material density were used in oder to
calculate the total mass of each fraction. A comparative analysis of two logistics scenarios was carried out: a traditional
one (collecting all waste together and sending it to the landfill) and an innovative one (separate collection, on-site pre-
treatment, recycling priority and digital accounting).

Research Results. The significant economic and environmental effect of the introduction of an innovative approach to
construction waste management is indicated. Compared to the basic scenario ("mixed collection — landfill"), the inno-
vative scheme (“separate collection + on-site processing + recycling priority + digital registration™) provides a 51% re-
duction in landfill volumes and a 50% reduction in traffic. The major success parameter is the volume of soil reuse, which
reduces the mass of recyclable waste and the number of dump truck trips by almost a half. The financial benefit is com-
plemented by the possibility of commercial sales of secondary resources and introducing digital control tools. The results
are presented in tables displaying the monthly dynamics of waste generation. Recommendations on containerization and
assessment of the impact of the assumptions on the final indicators are provided.

Discussion and Conclusion. A construction waste management methodology has been developed that reduces the volume
of disposal, transport load and provides savings by optimizing on-site recycling. An increase in the level of secondary use
and effective primary waste treatment has been ensured.

Keywords: construction waste, waste management, waste sorting, recycling, digital platforms, mobile sorting complexes

For citation. Rozantseva NV, Sagitdinov MR An Organizational and Technological Model of Construction Waste Manage-
ment in Dense Urban Development. Modern Trends in Construction, Urban and Territorial Planning. 2026;5(2):73-82.
https://doi.org/10.23947/2949-1835-2026-5-2-73-82

© Rozantseva NV, Sagitdinov MR, 2026

Urban planning, planning of rural settlements

73


https://doi.org/10.23947/2949-1835-2026-5-2-73-82
https://doi.org/10.23947/2949-1835-2026-5-2-73-82
https://orcid.org/0009-0008-1341-4743
https://orcid.org/0009-0007-1274-8250
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.23947/2949-1835-2026-5-2-73-82&domain=pdf&date_stamp=2026-06-25

https://www.stsg-donstu.ru

74

Rozantseva NV, et al. An Organizational and Technological Model of Construction Waste Management in Dense Urban Development

OPMZMH(IJle()e amnupudeckoe uccnedosamnue

Oprasan3anoHHO-TEXHOJIOTHYECKasi MO/eJIb YIIPABJIECHHUS CTPONTEJIbHBIMH 0TX0aMH
B YCJIOBHAX IJIOTHOM I'OPOACKOM 3aCTPOHKH

H.B. Po3zanuesa >4, M.P. CaruTanHoB
Cankr-IlerepOyprekuii rocyJapcTBEeHHbIM apXUTEKTYPHO-CTPOUTENBHBIN YHUBEPCUTET, T. CaHkT-IleTepOypr, Poccuiickas deneparms

< nrozanceva@lan.spbgasu.ru

AHHOTAIIMA

Beeoenue. ViccnenoBanue mocBsieHo pa3padoTke 3h(HEeKTUBHBIX METOANK YIPABICHUSI CTPOUTENLHBIMUA OTXO/IaMH Ha
IouaiKax KUJIoN 3aCTPOUKH B YCIOBUSAX IUIOTHOM rOpOACKON 3acTpoiiku. IIpeiokeHbl HHHOBALIMOHHBIE TTOAXObI K
00paIeHnto ¢ OTXOJaMH, BKIIFOYAIOIINE pa3AeNbHBIN cO0Op, TU(PPOBU3AIMIO TIPOLIECCOB U COBPEMEHHBIC TEXHOJIOTHH
TIEPBUYHOI 00pabOTKH, COOTBETCTBYIOIIHE TPEOOBAHHUSIM YKOJIOTHH U PECYPCOCOSPEIKESHHS.

Mamepuanst u memodst. ViccnenoBanme MpoBeACHO METOJOM YKPYIMHEHHBIX pacdéToB 00BEMa OTXOJOB Ha MpHMEpe
pearsHOTO 00BEKTa KHMIIUIIHOTO CTPOUTENHCTBA IUIommansio 20 Teic. M2, OleHKa MPOBeeHa Ha OCHOBE pacIpeieICHIs
OTXOOOB IO KaTEropusM U CTaausaAM IIPOU3BOJICTBA (SGMHHHLIG pa6OTbI, MOHOJIMT, MOHTAX, MHXKCHCPHBIC CETH, OTACIIKA,
0saroycTpoiicTBo). Mcmnosb30BaHbl yepeHEHHbBIE KOG GUITEHTH 00pa30BaHUsI OTXOI0B U INIOTHOCTH MaTEPHAJIOB, 103~
BOJISAIOIIHME PACCUUTATh UTOTOBYIO Maccy Kakaoi (¢pakimu. [IpoBesieH cpaBHUTEIBHBIN aHAIN3 IBYX CLICHAPUCB JIOTH-
CTHKH: TPATUIIMOHHOTO (COOp BCEX OTXOMOB BMECTE M OTIIPaBKa Ha MOJUIOH) M MHHOBAI[MOHHOTO (pa3leNibHbIN cOOp,
npeaoopaboTKa Ha TUIOMIAIKe, IPHOPHUTET nepepaboTku U U(POBOH yUuéT).

Pesynomamut uccnedosanus. Ilokazan CymecTBEHHBIH YKOHOMHUYECKUH M SKOJIOTHYSCKHUHA 3 PEeKT OT BHEIpEHUI
WHHOBAalHOHHOTO IOX0Ja K YIPAaBICHHUIO CTPOUTEIBHBIMH oTXomamH. [1o cpaBHEHHIO ¢ 0a30BBIM CIEHApHEM
(«cMemaHHEI cOOp — TOJUTOH»), HHHOBAIIMOHHAS cXeMa («pa3aeibHbIi cOop + 00paboTKa Ha IUTOIIANKE + MPH-
opuTeT nepepaboTKu + nudpoBas perucTpaiusn») 00ecednBacT CHIKEHIE 00heMOB 3aX0 poHeHus Ha 51 %, yMeHb-
IIeHUE TpaHCIIOPTHOTO Tpaduka Ha 50 %. KiroueBrIM mapaMeTpoM ycrexa SBISIOTCS 00beMBI IOBTOPHOTO UCIIONh-
30BaHUs TPYHTA, YTO CHIIKAET Maccy IepepadaThiBaeMbIX OTXOJOB U KOJHMUYECTBO PEHCOB CAMOCBAJIOB IIOYTH BIBOE.
duHaHCOBas BBITOJA JOIMOJHIETCS BO3MOKHOCThEO KOMMEPUYECKOW peann3aluyd BTOPUYHBIX PECYpPCOB M BHEIpe-
HUEM NU(PPOBBIX HHCTPYMEHTOB KOHTPOJIS. Pe3yabTaThl MPECTaBICHBI B TAOIUIIAX, TEMOHCTPUPYIONIUX MTOMEC Y-
HYIO TUHAMUKY 00pa30BaHus OTXOJ0B. JJaHbl peKOMEHAAINH M0 KOHTEHHUPOBAHUIO U OLICHKE BIUSHUS TOMYISHUH
Ha UTOTOBBIE MTOKA3aTENH.

Oébcyscoenue u 3axniouenue. Pazpaborana METOMKA YIPABICHUS CTPOUTEIHHBIMHI OTXOJAMH, COKpaIIaromas o0seM
3aXOpPOHEHHS, TPAHCTIOPTHYIO HArpy3Ky M 00eCTIeYMBAOIIasl SKOHOMHUIO 32 CUET ONTUMU3AINH IepepaboTKi Ha MeCTe.
O0ecriedeHo MOBHIIIIEHHE YPOBHS BTOPUYHOTO UCTIONIE30BaHUS U 3 peKTHBHOM IepBUYHOM 00pabOTKH OTXOHOB.

KiaroueBble cioBa: CTPOUTCIIBHBIC OTXOJbI, YIIPABJICHUEC OTXOAaMU, COPTUPOBKA OTXOHOB, nepepa60TKa, I_[I/I(prBBIG
HJ'IaT(I)OpMBI, MOOUJIbHBIE COPTUPOBOYHBIC KOMIIICKCHI

Jasi uutupoBanus. Pozannesa H.B., CarutauaoB M.P. Oprann3aiinoHHO-TEXHOJIOTUYECKAst MOJEIb YIIPaBIEHUS CTPO-

UTEJBHBIMU OTXOJIaMHU B YCIIOBHAX IUIOTHOM ropojIcKoit 3actpoiiku. Cospemenivle meHoenyuu 6 Cmpoumenscmese, 2pa-
docmpoumenscmee u nianuposke meppumopuii. 2026;5(2):73-82. https://doi.org/10.23947/2949-1835-2026-5-2-73-82

Introduction. The relevance of the research is due to the scope of the problem of a significant amount of construc-
tion waste typical of modern urban construction, particularly in limited urban construction areas. The high intensity of
construction activity generates a large volume of construction debris, creating a considerable burden on the environ-
ment and urban infrastructure. Modern cities are faced with the urgent need of addressing issues of rational waste
management due to the lack of temporary waste storage, increased requirements for environmental protection and
sustainable development [4, 5].

Modern urban planning policy is aimed at developing a closed-loop economy, which provides for a significant increase
in the level of recycling of building materials (up to 40% by 2030) [4, 11]. This poses major challenges for new approaches
to waste management to be developed, including introducing innovative technologies and practices [5, 12].

Thus, this study addresses the problem of developing a comprehensive strategy for construction waste management
aimed at reducing the environmental burden, increasing resource conservation and improving organizational as well as
technological approaches to waste management in construction sites [2—4].

The object of the study is waste management organization in a construction site of a multi-storey residential building
in dense urban environment. The subject of the study are innovative methods of collection, classification, processing and
subsequent disposal of construction waste in specific construction sites.
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The aim of the study is to justify and develop efficient solutions for optimizing construction waste management in
construction of multi-storey residential buildings in dense urban environments, including modern sorting and recycling
technologies in compliance with the environmental standards and restrictions of an urban environment.

To this end, the following research tasks were formulated:

1. Investigating the laws and regulations governing waste management in urban construction sites.

2. Analyzing the types and volumes of waste generated at each stage of residential building construction.

3. Studying modern methods of collecting, sorting and recycling construction waste, including digital management
and mobile primary processing.

4. Developing practical recommendations for improving waste disposal during housing construction in dense urban
environments.

Urban development is characterized by a significant amount of construction waste generated in cramped conditions,
with strict restrictions on noise and traffic levels, as well as the lack of opportunities for their disposal [5, 8]. The tradi-
tional method of removing unsorted garbage leads to increased transportation costs, environmental risks, and downtime
in construction sites [5].

The main types of construction waste include:

— dismantling waste (brick, concrete, structural fragments);
excavation waste (excess soil, sand-gravel mixtures);
construction waste (concrete crumbs, pieces of reinforcement, packaging);

— finishing waste (tile clippings, drywall, paint and varnish remnants).

Managing these flows is complicated by the peculiarities of urban development: lack of space, strict transportation
rules and restrictions on the mode of work [5, 8]. In order to comply with the established standards, clear regulations for
cleaning, separate collection and prompt disposal of waste are needed to minimize the negative impact on the urban
environment and reducing the developer’s costs [2].

The digital waste accounting system helps automate monitoring and increase transparency of waste management [5, 12].
The example of the Moscow AIS OSSiIG (Automated Information System Waste of Construction, Demolition and Soil)
demonstrates the effectiveness of automatic tracking of dump truck flights using GPS sensors and electronic document man-
agement [8]. The system records movement of goods and the point of delivery, preventing illegal dumping of garbage and
ensuring compliance with the environmental standards.

Commercial solutions expand functionality by offering loT technologies (container occupancy sensors, weight sensors
of equipment), increasing the accuracy of route planning and reducing logistics costs [10, 12]. Electronic marketplaces
enable exchange of recyclable materials between objects reducing the total amount of waste [11].

The environmental significance of the issue is emphasized by the statistics: construction waste accounts for roughly
30% of the total municipal solid waste, which indicates the importance of accounting for such a volume of garbage. Large-
scale urban reconstruction and new housing stock annually require solving the problem of recycling thousands of tons of
building materials [1, 4]. At the same time, recycled construction waste is a valuable source of recyclable materials needed
by industry [2, 9].

The increased state requirements are stipulated by Federal Law No. 89-FZ dated 24/06/1998 "On Production and
Consumption Waste" that provides for waste management standards, including control over movement of construction
debris. Regional authorities are actively introducing a system for monitoring movement of waste from the site to landfills,
combating illegal dumping and unauthorized landfills [5, 8].

Thus, creating a construction waste management model combining separate collection, on-site pretreatment and effi-
cient logistics becomes a prerequisite for compliance with modern environmental standards, reducing the burden on land-
fills and saving natural resources [2, 5, 9].

The research focuses on analyzing the compositions and volumes of construction waste at different stages of residen-
tial building construction in dense urban environments [3, 5]. Basic and improved waste management schemes are being
considered, organizational and technical procedures (containerization schedules, RACI responsibility allocation, key
KPIs) are being developed, and a feasibility study of each option is being conducted [2, 7, 12].

The practical value is a possibility of applying the developed model to similar projects of mass urban development [5, 8].

Materials and Methods. The calculations for the object were performed on a large scale due to the lack of detailed
logs of mass volumes of work. The volume of waste is estimated based on the specific area of the object (20,000 m?) and
types of work (monolith, finishing, etc.) followed by categorization (inert, metal, wood, polymers, mixed material, waste
of hazard class I11) [3, 5]. Logistics is organized taking into account limitations of a site (one-way entrance, wheel washing
complex, temporary entry windows for heavy equipment) [5, 8].

The basic option is the traditional mixed collection of all types of construction debris followed by shipment to landfills.
An innovative alternative involves introducing a separate waste collection system in a construction site, pretreatment and
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priority transfer of suitable materials for recycling by means of digital technologies for controlling traffic flows and waste
mass accounting [12].

The calculations were carried out for a specific object (Building 5 at 11 Kantemirovskaya Str., Saint Petersburg) using
common initial values of V; differing only in the organization of the waste stream and proportion of their subsequent reuse.

The calculation method is universal: each type of work corresponds to its own specific waste generation index (coef-
ficient ki), which makes it possible to identify the total mass of waste:

Qi =k XV

that is further distributed into the main fractions (inert materials, metals, wood, polymers, a mixture of finishing materials,
hazardous waste).

The assumptions in the calculations are as follows:

— the excess soil makes up 25% of the total excavation (density 1.6 t/m?);

— residual concrete — 0.6 % of the volume to be poured (2.4 t/m?);

— rebar scrap — 1.5 % of the total weight;

— packaging of enclosing structures — 0.6 kg/m?;

— the excess of engineering supplies: packaging — 1.5%, technological trimmings — 2% by weight,

— finishing works: a mixed group — 3.5 kg/m?, hazardous waste (containers of paints and polishes) — 0.12 kg/m?;

— landscaping: other waste — 0.8 kg/m?.

The volume of work on the site: excavation — 12,000 m®, monolithic concrete — 10,000 m?, reinforcement — 1,500 tons,
facade fences — 14,000 m?, engineering networks — 300 tons, finishing works — 22,000 m?, landscaping — 5,000 m? (Table 1).

Table 1
Calculation of waste generation by stages and fractions
Stage — fraction Unit (V) Initial data / coefficient Mass (Qi), t

Ground — excess soil m?3 12,000 x 25 % x 1.6 t/m? 4,800.00
Monolith — inert (remnants of concrete/mortar) m? 10,000 x 0.6 % x 2.4 t/m? 144
Monolith — metal (rebar scrap) t 1,500 x 1.5% 22.5
Enclosing/mounting — packaging m? 14,000 x 0.6 kg/m? 8.4
Engineering systems — packaging t 300 x 1.5 % 4.5
Engineering systems — technological trimmings t 300 x 2.0 % 6
Finishing — mixed m? 22,000 x 3.5 kg/m? 77
Finishing — hazardous (LKM packaging, class III) m? 22,000 x 0.12 kg/m? 2.64
Landscaping — other m? 5,000 x 0.8 kg/m? 4
Total 5,069.04

The bulk of construction waste is made up of soils formed during excavation. The total volume of extracted soil
reaches 5,069.04 tons, which corresponds to 253 kg per 1 m? of a building. The significant specific gravity of soils is
crucial to the strategy of their disposal and transportation, having a major impact on the key project performance indicators
(KPIs). An analysis of the accumulation dynamics shows an intensive increase in the volume of waste in the initial months
due to excavation work ("the ground peak") followed by a smooth increase in volumes due to monolithic work, facade
operations and interior decoration of an object (Table 2). This determines the need for accurate planning of loading and
unloading operations and timely release of the site for further construction and installation.

In order to make it possible to reproduce the calculations and verify the validity of the accepted assumptions, the
coefficients and densities used in a separate table are summarized (Table 3).

The transition from waste mass calculations to logistics issues clearly illustrates the need for vehicles with the re-
quired body volume and number of flights (Table 4). As for the light fractions (such as packaging and mixed waste), the
key factor is not their mass rather the volume occupied. The use of presses to seal cartons, films, and other lightweight
materials significantly reduces container turnover, efficiently saving transportation resources and reducing the number of
trips required.
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Table 2
Monthly waste generation by stages (t/month)
Month Ground (inlzlr?rlorlggar) izzle(:s:;g/ Engineering | Finishing |[Landscaping Total
1 1,600 0 0 0 0 0 1,600.00
2 1,600 0 0 0 0 1,600.00
3 1,600 16.65 0 0 0 0 1,616.65
4 0 16.65 0 0 0 0 16.65
5 16.65 0 0 0 0 16.65
6 0 16.65 0 0 0 0 16.65
7 0 16.65 0 0 0 0 16.65
8 0 16.65 0 0 0 0 16.65
9 0 16.65 1.05 0 0 0 17.70
10 0 16.65 1.05 0.95 0 0 18.65
11 0 16.65 1.05 0.95 0 0 18.65
12 0 16.65 1.05 0.95 7.24 0 25.89
13 0 0 1.05 0.95 7.24 0 9.24
14 0 0 1.05 0.95 7.24 0 9.24
15 0 0 1.05 0.95 7.24 0 9.24
16 0 0 1.05 0.95 7.24 0 9.24
17 0 0 0 0.95 7.24 0 8.19
18 0 0 0.95 7.24 0 8.19
19 0 0 0 0.95 7.24 0 8.19
20 0 0 0 1 7.24 0 8.24
21 0 0 0 0 7.24 0 7.24
22 0 0 0 0 7.24 1.33 8.57
23 0 0 0 0 0 1.33 1.33
24 0 0 0 0 0 1.34 1.34
Hroro 4,800.00 166.5 8.4 10.5 79.64 4 5,069.04
Table 3
Accepted coefficients and densities
Parameter Accepted value Commentary
Excess soil 25 % from the excavation; Only the exported volume is considered
p=1.6tm?
Landscaping — other 0.8 kg/m? Cutting/packaging
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Table 4
Calculation of the number of trips for removing soil
. Estimated density Bunkers of 20 m? .
Fract Mass, t 1 3 D truck t
raction ass, (bulk) Volume, m (total) ump truck trips
Soil 4.800,0 - - - ~ 423 (12 t/trip)

The excess soil is removed from the site exclusively by road — directly by dump trucks to specialized landfills.
However, in order to make informed management decisions, it is critical to understand which assumptions have the great-
est impact on the outcome of the calculations. Thus a brief sensitivity analysis is carried out below, revealing the most

significant factor influencing the outcome of the study (Table 5).
Table 5

Sensitivity of the result to the major assumptions

Assumption change Previous New A mass, t Impact

Critical (=19 %

. - . 0 a0 N
Excess soil proportion £ 5 units 25 % 20-30 % 960 of the total)

The operational readiness of the construction site ensures a clear definition of the hazard classes of waste and the types
of containers in use (see Table 6 for an example). Such a measure is necessary for proper implementation of separate
collection and further coordination of contract-based waste transfer procedures to specialized organizations. A proper
classification and labeling of waste helps to avoid violations of sanitary and environmental standards, minimize the risks
of fines and litigation, and contribute to improving waste management quality and compliance with the requirements of
the state-run inspection bodies.

Table 6
Fractions, hazard classes and recommended packaging
Fraction Class Recommended packaging / area
Soil (non-polluted) V Direct export; temporary buffer < 1-2 days

These data provide a reliable basis for comparing the considered scenarios. The main source of uncertainty is the level
of reuse of excess soil. To take into account possible scenarios, the calculation is performed according to three reuse
scenarios: zero use (0%), partial use (25%) and moderate use (50%) (Table 7). This approach makes it possible to identify
the dependence of the volume of soil deposited, the number of trips and costs on the actual constraints existing in an urban
space (quality of the extracted soil, availability of reception points, allowed time of export).

Table 7
Distribution of flows by fractions (reuse / recycling and burial), t (option: 50% reuse of the soil)
. Base: reuse / . Innovations: reuse / . .
Fraction Total mass . Base: burial . Innovations: burial
recycling recycling
Soil (excess) 4,800.00 0 4,800.00 2,400.00 2,400.00

The final structure of waste streams heavily depends on the selected level of soil reuse. The indicators in Table 7 are
calculated according to an optimistic scenario with a reuse rate of 50%. This case reflects a situation where there is a
proven infrastructure for receiving soil, and favorable conditions for its use are provided.

However, in order to develop sustainable management solutions, it is suggested that an intermediate option with an
equity participation of 25% is considered, which seems more realistic for most urban sites. On top of that, a conservative
scenario with a complete absence of soil reuse (0%) is being considered.

Research Results. The results should be interpreted taking into account the above three levels: full utilization (0%),
partial utilization (25%) [6] and optimal utilization (50%). The specific numerical values will depend on the clarifying
calculations (Table 8).
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The major criteria for evaluating scenarios are presented in a concise form of a table-map reflecting the four key indica-
tors: proportion of waste involved in reuse, volume of disposal, logistical costs and unit costs per unit of the recycled area.

Table 8
Integral indicators (mass, logistics, specific ones)
Index Base Innovations Effect
Reuse / recycling, t 36.02 2,593.70 2,557.68
Recycling proportion, % 0.71 51.2 50.5
Burial, t 5,033.02 2,475.34 —2,557.68 (-50.8 %)
Mass for export, t 5,069.04 2,553.84 —-2,515.20 (-49.6 %)
Dump truck trips (12 t/trip), items ~ 423 =213 —210 (-49.6 %)
Specific burial, t/m? 0.252 0.124 -0.128
Specific reuse / recycling, kg/m? 1.8 129.7 127.9

For a fuller picture a cost comparison based on approximate tariffs is provided: transport — 9,000 rubles/trip (12 tons),
soil placement — 900 rubles/ton (Table 9).

Table 9
Direct cost scenarios (a design example)
Expense item Unit Tariff, Base Base. rub Innovations | Innovations,
rub (volume) ’ (volume) rub
Transport (dump trucks, 12 t) trip 9,000 ~ 423 3,807,000 ~213 1,917,000
Soil placement t 900 4,800 4,320,000 2400 2,160,000
Total direct costs 8,127,000 4,077,000

The financial result ranges from 8.13 million to 4.08 million rubles (approximately a 50% reduction), depending on
the proportion of soil reuse (0, 25 or 50%). The example is focused on an optimistic level of 50%; for a basic urban
practice (25%) and a conservative scenario (0%), the cost is additionally adjusted using sensitivity analysis (see below
for more information) [7]. The actual operating results should be considered in the specified range, rather than relying on
a single value.

Operational advantages (non-financial ones):

— reduction in the number of car trips by almost a half (about 210 trips fewer), which facilitates the traffic situation
and unloading of departure "slots";

— reduction in peak waste accumulations on site, thereby improving sanitary and hygienic conditions;

— increased transparency of operations: electronic transportation accounting, simplified control, and electronic re-
porting reduce the likelihood of administrative sanctions and penalties;

— effective handling of pollution (dust, noise) due to short cycles of pre-crushing and pressing of waste.

The sensitivity of the final result. The soil management strategy has the most significant impact on the overall
project economy: a change in the share of reuse by only 5 percentage points (e.g., from 25 to 30%) involves those in
the order of 960 tons of cargo and about 1 million rubles in savings. The other coefficients (concrete residues, rate of
formation of finishing waste) have a less pronounced effect [7].

Thus while clarifying the initial data, it is recommended that the exact amount of excavation and the actual proportion
of returned soil is recorded, availability of a mobile crusher is assessed and tariffs for waste transportation and reception
at landfills are inspected [8].

The advantages of an innovative scenario. The implementation of an innovative strategy in an urban environment
yields significant benefits:

— reduction in the burial volumes by 51 %;

— reduction in the traffic load by almost a half (-50% of trips);

— direct financial savings amount to almost a half of the initial cost of waste management.
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Additional measures to enhance the effect include commercial sales of secondary resources (metal, secondary crushed
stone) and mandatory digitalization of reporting, which contributes to transparency and reduces risks of errors [9].

The aim of the innovation scenario. In the construction site, it is necessary to organize the online work (Table 10) in
such a way that:

— to maintain cleanliness and environmental friendliness: carry out regular cleaning of contaminated areas, cover
bunkers and wash wheels at departure;

— to organize the weighing of goods at departure (if there is a weighing unit) or calculate the mass by volume and
density with mandatory documentation (photo fixation);

— to carry out logistics planning between peak hours or at night, taking into account the established time "slots";

— to create a margin of flexibility in the departure schedule (+15% trip reserve);

— to use machinery: dump trucks with a lifting capacity of 12 tons for soil and bunkering trucks with a capacity of 20 m®
for the remaining waste fractions.

Table 10

Weekly operation cycle (an example)

Day 07:00-11:00 11:00-15:00 15:00-19:00 22:00-06:00

Collection / fraction . . . . . .
Mon Packaging pressing | Loading the inert materials Soil export (slots)

replacement

Loading of secondary

A Mix waste export
limestone

Tue |Crushing the inert materials| Screen / magnet

The main driver of positive changes is effective management of the largest mass of waste — of land and inert mate-
rials. Their local reuse has a direct impact on the total mass of waste and the amount of required transport. The accepted
proportion of soil reuse (0, 25 or 50%) determines the extent of the positive effect: with an increase in the percentage of
reuse, the volume of burial decreases and that of transported material decreases (Table 11).

Table 11
Total KPIs according to the scenarios (mass, logistics, specific ones)

Index Base Innovations Effect
Accumulated waste mass, t 5,069 5,069 -
Reuse / recycling, t 36 2,593.7 2557.7t
Proportion of reuse / recycling, % 0.71 51.2 50.5 units
Burial, t 5,033 24753 -2 557.7 1 (-50.8 %)
Mass for export, t 5,069 2553.8 —2515.2 1t (-49.6 %)
Dump truck trips (12 t/trip), items ~ 423 ~213 —210 trips (-49.6 %)
Specific burial, t/m? 0.252 0.124 —0.128 t/m?
Specific reuse / recycling, kg/m? 1.8 129.7 127.9 kg/m?

E.g., with a 50% reuse rate, approximately 2.5 thousand tons of recycled soil and recycled crushed stone remain on
site [6], whereas as the proportion drops, this positive effect naturally subsides.

Economic assessment. The estimated tariffs have been accepted (replaced by the actual ones): transportation — 9,000
rubles/trip (12 tons), soil placement — 900 rubles/ton, trip (Table 12).
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Table 12
Direct costs according to the scenarios (a design example)
Expense item Unit | Tariff, rub Base Base, rub Innovations Innovations, rub
(volume) (volume)
Transport (dump trucks, 12 t) [ trip 9,000 ~423 3,807,000 ~213 1,917,000
Soil placement t 900 4,800 4,320,000 2,400 2,160,000

Discussion and Conclusion. As a result of the study, an effective construction waste management technique has been
set forth that makes it possible to reduce the volume of landfills by 51% as well as the transport impact on the urban
environment by 50% and achieve an economic effect: the total savings of about 4.1-4.2 million rubles (= 50% of the
base), or = 200210 rub/m? of the total area, i.e. 50% relative to the traditional waste management model.

The resulting savings are achieved due to the three main factors:

— reducing the number of trips by almost a half due to localization of some of the processing directly in the construc-
tion site;

— reducing the fees for waste disposal at specialized landfills by increasing the share of reuse of raw materials;

— effectiveness of low-cost pre-treatment operations (crushing, pressing) providing additional benefits within the
framework of an integrated approach.

At the same time, separate waste collection, mobile primary processing and digitalization of logistics have a major
role to play [13]. The factor of reuse of excess soil turned out to be particularly significant: changing its proportion by
only 5% can yield additional millions of rubles in savings. The implementation of the suggested concept provides for
development of an integrated action program combining environmentally friendly methods, digital registration and com-
petent logistics. The results will enable the construction of residential facilities with less damage to nature and significant
savings in financial resources.
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