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for Improving Development Project
Business Planning

In the context of growing competition in the construction market, effective planning is a key tool for optimizing
resources and minimizing risks, allowing construction companies not only to survive, but also to achieve sus-
tainable profit growth through accurate forecasting and coordination of all stages of project implementation. One
of the important documents in the implementation of a development project is a business plan. This document
is developed based on an assessment of the urban development potential of the territory. The amount of pro-
ject costs, the accuracy of the financial model, and, most importantly, the effectiveness of the project itself de-
pend on how accurately and correctly this analysis is carried out and a business plan is drawn up. Digital tech-
nology tools are currently being actively used to improve the accuracy of forecasts and development scenarios,
the reliability of set parameters, and the quality of information received. One of these tools is the creation of a dig-
ital twin of the territory.

Coordinated development of transport infrastructure and investment projects has also recently become an impor-
tant factor. Based on the analysis of the transport network and the real estate market, demand is studied and
the unmet demand of potential buyers are identified. Based on the data obtained, project concepts are being
developed that reflect their uniqueness and attractiveness. Financial modelling, risk assessment, investment
justification and forecast of results are carried out, and the developed business plans become the basis for making
investment decisions.

Despite the active introduction of digital twins into urban planning practice, the issue of quantifying their impact
on the synchronization of transport infrastructure and development projects has not been sufficiently studied in
the scientific literature. The relevance of the research topic is due to the need to develop and formalize methods
for assessing infrastructure lag and ways to minimize it.

The aim of this study is to develop an integrated model for quantifying the impact of the digital twin of an urban
area on transport load parameters and the economic efficiency of development projects. The calculation of trans-
port demand is based on aggregated normative indicators of urban mobility, and the assessment of the economic
effect is based on a comparative analysis of investment attractiveness.

The theoretical basis of the research was scientific work in the field of construction organization, real estate deve-
lopment, urban planning and digitalization. Research methods: scenario modelling and comparative analysis.
Keywords: digital twin, construction, transport infrastructure, residential real estate, infrastructure lag, develop-
ment project efficiency, business planning
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The current stage of human development is
characterized by accelerated rates of urbani-
zation, which, on the one hand, stimulates
economic growth, providing more comfortable and
safe living conditions, and on the other hand, be-
comes a source of acute spatial contradictions, irrep-
arable damage to the environment, and an increase
in population concentration [1, 2]. According to
the UN, by 2050, almost 70 % of the world's popula-
tion will live in cities (Fig. 1) [3].

In the current context of urbanization, a persistent
gap is emerging between the pace of housing con-
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Fig. 1. Rate of urbanization

struction and the development of transport infrastruc-
ture [4, 5]. This contradiction creates the phenomenon
of “infrastructure lag”, which justifies the need to cre-
ate and utilize a unified digital environment designed
to synchronize spatial planning and transport model-
ling [6]. Traditional territorial planning tools, based pri-
marily on static documents and disparate information
bases, do not provide a sufficient level of systemic
management [7]. The lack of a digital tool capable of
integrating fragmented data into a single database
and modelling solutions is becoming a serious prob-
lem, resulting in congestion of the road network,
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Fig. 2. Tasks of the digital twin of the territory
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Fig. 3. Application of the DT at the pre-project stage
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Fig. 4. Application of DT in the planning stage

increased social tension, and a decrease in investment attractiveness
for both developers and property buyers [8, 9]. To address this prob-
lem, a digital twin of the territory can be used.

A digital twin of a territory (DT) is considered a visualized infor-
mation and analytical system that integrates spatial, transport, en-
gineering, social, and economic data [10, 11]. Unlike standard geo-
graphic information systems, which only store and display data, a

DT is distinguished by the possibility of scenario modelling [12].
The tasks solved by a digital twin of a territory are formulated below
(Fig. 2) [13].

This article introduces the concept of “infrastructure lag” —
the time interval between the commissioning of a capital construction
project and its provision with regulatory transport infrastructure [14].
The use of a digital twin of the territory allows the developer to
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Fig. 5. Application of DT at the construction stage
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Fig. 6. Application of the DT at the operational stage
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Fig. 7. Initial data of the residential complex development project

influence the size of this interval already at the early stages of the life
cycle of the capital construction project (Fig. 3-6) [15, 16].

The conducted analysis of the functional application of the DT
in the context of transport infrastructure at each stage of a build-
ing's life cycle allows us to conclude that this technology is not sim-
ply a tool for digitalizing the urban environment; it is being trans-
formed into a systemic apparatus for managing the time and
economic parameters of territorial management.

In calculating the infrastructure lag, we will use (1):

L=T,-T,

where T, — date of commissioning of the facility;
T, — launch date of transport infrastructure facilities.
If L > 0, a shortage of transport infrastructure begins. In today's
reality, this indicator ranges from 1 to 3 years.
To quantify this indicator, we will consider two scenarios for
implementing a residential development project: one with and one
without the use of a DT. The initial data will be presented in the Fig. 7.

/ |
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The calculation of the predicted number of residents P, can be
calculated using the indicator of the volume of residential develop-
ment V4 and the average housing provision A, , according to (2):

Vg _ 100,000 m’

p =
30

= 3,333 people.
1o Ao peop

2

Next, we calculate the daily demand for transport infrastructure,
D;. We take into account that, in the context of urban mobility, the ave-
rage number of trips, Q, is two trips per person per day (3):

Dy =P, Q = 3,333 people - 2 trips/day = 6,666 trips. (3)

Note that pendulum migration M, constitutes the dominant part
of urban mobility, and for the calculation we will take the share of
75 % (4):

M, =Dy - 75 % = 6,666 trips - 75 % = 5,000 trips/day. (4)

Thus, the baseline scenario assumes a model in which resi-
dents will increasingly use personal transport (up to 60 % of all
trips) over three years, generating additional vehicle traffic (Fig. 8).

>
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Fig. 9. Complex scenario

Table 1. Calculation results

Basic scenario
(without synchronization)
Share of trips by car (k) — 60 %:
Qautor =M, - k =5,000 - 60 % =
= 3,000 trips per day.
Infrastructure lag (1):

Integrated scenario
(using the DT)
Share of trips by car (k) — 40 %:
Qautox =M, - k=5,000 - 40 % =
= 2,000 trips per day.

The infrastructure lag is reduced to 1 year
by modelling the transport load at the de-
sign stage of the project and the phased
commissioning of individual buildings

L =T,-T,=2026-2029 = 13 year

High load maintained for 3 years Moderate load for 1 year

Meanwhile, the comprehensive scenario assumes a reduction in
motorization by up to 40 % (Fig. 9).

Let's conduct a comparative analysis and display the data in
Table 1.

Comparison of scenarios and calculation of relative load reduc-
tion will be calculated using (5):

3,000 - 2,000
3,000

L= Qauto.b _Qautak _

-
Qauto. b

-100% = 33 %. (5)

The economic consequences of reducing infrastructure lag are
reflected in the increased investment attractiveness of the territory.
Research in real estate economics demonstrates a correlation be-
tween the property value bonus and proximity to transportation infra-
structure [17]. Reducing travel time to key transportation

Economic

Technical

Table 2. Calculation of revenue in the baseline and complex
scenarios

Basic scenario
(without synchronization)

Integrated scenario
(using the DT)

Revenue using the DT is:

R, =R, - 7 =30 billion rubles x
x 7 % =32.1 billion rubles

Revenue without the use of DT is:

R, =V,4-P=100,000 m?- 300 thousand
rubles/m?= 30 billion rubles

hubs increases the market value of a square meter of residential real
estate by 5-10 % [18]. The calculation model assumes an average
value of 7 % and a residential real estate selling price of 300,000 rub-
les per square meter. The calculation is presented in Table 2.

The study confirmed that the current misalignment between
housing construction and urban transport infrastructure develop-
ment creates a measurable infrastructure lag, which negatively im-
pacts the performance of both. The proposed modelling allowed for
a quantitative assessment of the results of possible development
project scenarios and substantiated the positive impact of using
a digital twin of the territory.

Thus, in the calculation model, the use of the centralized traffic
control system for synchronizing residential and transport infra-
structures creates the following effects:

e reducing the load on the road network by 33 %;

e reducing the infrastructure lag from 3 years to 1 year;

e redistributing transport demand in favor of public transport

and reducing the share of trips by private car.

Legal

[ 1 [ 1
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Fig. 10. Limitations on the use of DT
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As a result, a more balanced functioning of the urban environ-
ment is achieved. Economic calculations show an increase in
the project's investment value with improved transport connectivity:
with the transport infrastructure development effects assumed in
the model, the additional financial benefit amounts to 2.1 billion ru-
bles, corresponding to a 7 % increase in revenue.

The synergy of the obtained modelling results allows us to con-
sider the digital twin of a territory as a necessary tool for strategic
management of territorial development, ensuring the coordination
of spatial, transport and investment decisions in the life cycle sys-
tem of capital construction projects.

However, it should be noted that the modelling conducted has
a number of limitations related to its scenario-based nature:

e average indicators were used in the calculations;

e the costs of creating and/or accessing the digital twin were

not taken into account.

And, despite the full potential of using a territory's digital twin, it
has numerous limitations, as outlined in Fig. 10.

As a result, it can be concluded that a digital twin of a territory
is an important tool for development projects, which allows for
a quantitative assessment of transport load parameters, minimizing
infrastructure lag, and increasing the economic efficiency of proj-
ects.
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Linchposoi oBOMHUK TeppuUTOpUMN

KakK MHCTPYMEHT NOBbILLIEHUS
achcheKTUBHOCTN 6BU3HEC-NNaHNMPOBaHUSA
AEeBeIoNepPCKUX NpoeKToB

B ycnoBusx pacTylien KOHKYPEHLMN HA CTPOUTENIbHOM PbIH-
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rnaBHoe — 3h(PEKTUBHOCTb CaMOro npoekTa. [ns nosbILeHUA
TOYHOCTWU NPOrHO30B U CLieHapVeB pas3BUTUS, LOCTOBEPHOCTU
3aknagbiBaeMbIX NapaMeTpoB 1 Ka4ecTBa nony4aemon nHhop-
MaLun Ha CEerofHALLHUA AeHb aKTUBHO MCMONb3YOTCA MHCTPY-
MEHTbI LMGPOBbIX TeEXHONOrni. OOHNUM U3 TAKUX MHCTPYMEHTOB
ABNSETCH CO3haHve LMdPOBOro ABOVHNKA TEPPUTOPUMN.

Takxe B nocnefHee BpeMsi BaXHbIM (DaKTOPOM CTano CKoopau-
HMPOBAHHOE PasBUTUE TPAHCMOPTHOM MHPPACTPYKTYPbI U NHBE-
CTMLMOHHbIX MPOEKTOB. Ha ocHoBe aHanv3a TpaHCMOpPTHOW ceTu
N pblHKa HEABVXXUMOCTM U3y4aeTcs CNpocC U BbIABAAOTCSA He-
peann3oBaHHble NOTPEOGHOCTN MOTEHUMANbHbIX MOKynaTenewn.
Ha ocHoBe mony4eHHbIX AaHHbIX pa3pabdaTbiBatoTCA KOHLENUum
NPOEKTOB, OTpaXaloLine UX YHUKanbHOCTb U NpuBMeKaTesb-
HOCTb. [NpoBoanTCS (hHaHCOBOE MOAENMPOBaHUE, OLeHKa pu-
CKOB, 060CHOBaHME MHBECTULIMIA 1 NPOrHO3 pe3ynbTaToBs, a pas-
paboTaHHble 6U3HEC-MNaHbl CTAHOBATCA OCHOBOW OIS MPUHATKSA
UHBECTULIMOHHbIX peLueHvu7|.
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HecmoTpsi Ha aKTMBHOE BHefpeHue LNAPOBbLIX LBONHUKOB
B NPaKTWKy rpafoCcTpOMTENbCTBA, B Hay4YHOW nuTepaType He-
[OCTaTO4YHO M3YYeH BOMPOC KONMYECTBEHHON OLIEHKW UX BNUS-
HWA Ha CUHXPOHM3ALMIO TPAHCMOPTHOM MHMPPACTPYKTYpPbI U Ae-
BeJIONepCKNX NpPoOeKToB. AKTyaJ'IbHOCTb TeMbl nccrnegoBaHus
06ycsioBieHa HEO6XOANMOCTLIO pa3paboTkn 1 hopmanusannm
METO[0B OLLEHKM MHAPACTPYKTYPHOrO nara n cnoco6oB ero Mu-
HYMU3aumn.

Llenb pa6oTbl 3akntovaeTcs B pa3paboTke YKPYNHEHHOW MOoaenu
KONMNYECTBEHHOW OLIEHKM BANAHMS LIMPOBOro ABOMHMKA FOpoj-
CKOW TEpPUTOPMU Ha NapameTpbl TPAHCMOPTHOM HArpy3Kn U 3KO-
HOMUYECKYI0 3(PPEKTUBHOCTL AEeBENONEPCKNX NpoekTos. Pac-
YeT TPAHCMOPTHOro CNpOca BbIMOSIHEH HA OCHOBE YKPYMHEHHbIX
HOPMaTUBHBIX NOKa3aTenen ropoackon MoObUNLHOCTK, a OLieHKa
3KOHOMUYECKOro a(pheKTa Ha OCHOBE COMOCTaBUTENIBHOIO aHa-
nn3a I/IHBECTI/ILWIOHHOI7I npmueneKkaTtesibHOCTU.

TeopeTn4ecKkyo OCHOBY UCCIIe[0BaHNUA COCTaBUN Hay4Hble TPY-
Obl B 0651aCTV OpraHu3aummn CTpouTenbCTBa, AeBEIONMEHTa He-
ABWKMMOCTU, rpafoCTPOUTENIbHOrO MAaHMPOBaHNA U LMdpo-
Bu3aumu. Metofpbl nccnefoBaHus: cueHapHoe MOAenMpoBaHue
1 CPaBHUTENbHbIN aHanua.

KnroueBbie cnoBa: LnghpoBoLi ABOVIHVK, CTPOUTETLCTBO, TPAHC-
ropTHasi MHGPACTPYKTYpPa, Xuias HeABMXUMOCTb, MHGDPACTPYK-
TYPHbIVI Nar, 3¢bgheKTMBHOCTb AEBEJI0NEePCKMX MPOEKTOB, OU3HEC-
rniaaHupoBaHne
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