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Methodology for calculating the production
cycle in industrial real estate construction
taking into account ecological aspects

Ecology is a science that encompasses the existing connections between humans and the environment. Eco-
logical relationships are distinguished not only by their diversity but also by their complexity. Their characteristic
feature is that many of them cannot be studied using traditional methods. As a result, many types of natural re-
sources suffer irreparable damage.

Construction most actively interferes with established natural processes.

The most important disruptions to the natural environment during the construction process include: loss of vege-
tation layer due to large volumes of earthworks; deforestation and clearing of greenery, disturbance of fauna and
flora development conditions, as well as the upper soil cover; changes in groundwater levels causing flooding of
agricultural land and populated areas.

Currently, there is a reduction in landscape disruption, water and wind regimes, damage to soil and vegetation
cover, pollution of water and air basins, atmosphere and soil cover, and noise and light effects are being miti-
gated. During the construction process, violations in the natural environment are restored through reclamation of
disturbed lands, preservation and reuse of the humus layer; necessary treatment facilities and air purification in-
stallations; creation of protective dams, use of unsuitable and swampy areas for construction development; pres-
ervation of the natural regime of rivers and landscape; maintaining proper order in the territory used by construc-
tion organizations, construction industry enterprises, and building materials industry; prevention of contamination
of the territory with by-products and production waste.
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I. The GENERAL PART

he construction system, from the perspec-
I tive of social division of labour, develops in
accordance with the nature of the function-
ing of national economy sectors. Hence, the or-
ganization of environmental protection is carried
out in two directions: first, construction objects of
the main industries are equipped with modern
technical means ensuring environmental protec-
tion; second, territorial concentration of construc-
tion is implemented, contributing to the wide-
spread use of special large facilities for the protec-
tion of the natural environment and the economic
use of its components [1].

Increasing complexity in the development of
construction leads to more efficient use of local re-
sources and protection of the natural environment.
It is necessary to implement progressive forms of
organizing associated productions and to rationally
locate them, taking into account production and
economic connections.

The most significant factor limiting the formation
of new construction is land use. The size of the ter-
ritory for development is strictly limited. In the near
future, the possibility of alienating land from agricul-
tural circulation for industrial development will be
completely excluded. In connection with this, exten-
sive work is being carried out to identify reserve ter-
ritories in cities, urban-type settlements, and villag-
es by analyzing the density of residential and
industrial development. Inventory data are taken
into account in the process of construction prepara-
tion. The task of construction is the timely and

complete implementation of all special technical
means of environmental protection at facilities [2, 3].

1. LAND RESOURCES AND EFFICIENCY
OF THEIR USE FOR DEVELOPMENT

The territorial orientation of construction infra-
structure determines the need for rational land use.

In order to increase the achieved level of terri-
tory use within the boundaries of cities and enter-
prises, sands, land plots overgrown with shrubs,
peatlands, ravine areas, and marshes should be
used. Reserve land plots are located in areas incon-
venient for construction on uneven terrain, marshes,
etc. Construction polygons, bases, warehouses,
etc. can be located on these sites in the process of
preparing them for development [4].

It is advisable to identify and study reserve ter-
ritories for construction according to the following
methodology. Data on free territories in cities and
other settlements that can be used for construction
are accumulated in the form of reference catalogs
(passports) of reserve sites. The passport of each
construction site is developed based on data from
schemes and projects of district planning, master
plans of settlements, materials from municipal land
authorities, state supervision bodies (water, sani-
tary, etc.), as well as on the basis of schemes of
master plans for industrial enterprises and their
complexes [5].

Each construction site has specific placement
conditions, so the correct choice of construction
points significantly affects the efficiency of capital
investments.
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The compilation of the list of sites is carried out in two stages.
At the first stage, construction sites are identified based on the gen-
eral labour and other resources of the area under consideration, as
well as the existing placement of industry and transport. Sites with
an area of over 10 hectares and located no more than 10-15 km
from railways, settlements, and water supply sources are consid-
ered promising. The area of the certification site should be at least
5 hectares.

For each site, indicators of economic efficiency for develop-
ment are determined for all possible levels of need for multipurpose
resources [6].

The following constraint must be observed:

My <Ry, (1)

where M, is the set of possible needs for the /-th resource; R is
the availability of the i-th resource for the k-th site in natural meas-
urements (t, m3).

Based on the above calculations, the list of sites is ranked by
the minimum amount of reduced costs for their preparation and
transfer for development.

1ll. ECONOMICS OF CONSTRUCTION PRODUCTION

The production program is the main part of the work plan for
each development company [7].

At the same time, the nomenclature of construction production in
development activities is very extensive. The quantitative character-
istic of objects being built simultaneously according to several pro-
jects is given in units of measurement of their main features: area,
capacity, etc. Their natural measurers are: m?, t, pcs., etc.
The capacity of the created production facilities, for example, a ce-
ment plant, is measured in thousands of tons of cement output per
year.

The entire volume of construction products can be combined
only in monetary terms (in rubles). Estimated prices are used to ac-
count for construction products.

The indicator of readiness of construction objects K, %, char-
acterizes the level of readiness of the object for commissioning and
is determined by the formula:

K, = 04;/0,, - 100 - 100. ()

where O,; is the volume of contract works submitted to the custom-
er from the beginning of construction of the object until the begin-
ning or end of the planned year, thousand rubles; O,,; is the esti-
mated cost of construction and installation works of the object,
thousand rubles [8].

The indicator of contract work volumes submitted to the cus-
tomer B,,;, %, characterizing the volume of construction and instal-
lation works performed for the stage, start-up complex, object and
submitted at the beginning or to be submitted at the end of
the planned year, in the total estimated cost of construction and
installation works of the object, stage, or start-up complex, is deter-
mined by the formula:

B, = Og/0,, - 100 - 100. (3)

where Oy; is the volume of contract works submitted to the custom-
er from the beginning of construction to the beginning of
the planned year and to be submitted at the end of the planned
year, thousand rubles [9].

The indicator of incomplete construction production Z,, is de-
fined as the difference between the indicators of construction read-
iness of the object K; and the indicator of contract work volumes
submitted to the customer B,,;:

Zpi = Kpi - Bpi' (4)

IV. DEVELOPMENT OF The CONTRACTOR'S WORK PLAN
BY The DEVELOPER-BUILDER

In accordance with the standards of construction duration,
the plan for commissioning production capacities and facilities is
broken down by quarters, and title lists are reviewed. Backlog
standards serve as the initial basis for planning the volumes of con-
struction and installation works for delivered and transitional con-
struction objects, planning incomplete construction production,
and distributing the plan by quarters [10].

When developing the plan for co ntract construction and instal-
lation works, the standards of construction duration, backlog stand-
ards for the construction of objects in various industries, and esti-
mated standards are used.

The indicator of the volume of construction and installation
works for the construction organization is calculated. This indicator
serves as the basis for determining: the consolidated need of this
organization for material and technical resources, the size of
the wage fund, working capital, and loans. Commissioning and
work volumes are established for each object by quarters. A state-
ment of work volumes in natural measurers by objects is attached
to the construction production plan [11].

When drawing up the annual production program of a contract-
ing organization, special attention must be paid to creating an opti-
mal construction backlog. In construction, which is characterized
by a long production cycle, there is a natural need to create back-
logs that ensure the normal functioning of technological processes.
Construction backlog is a specific concept that characterizes
the degree of preparation of construction conditions and ensuring
the continuity of the construction backlog process; it is measured
by physical and cost indicators, which are standardized in relation
to the natural and sectoral features of construction [12].

In industrial construction, the backlog is determined for indi-
vidual enterprises, their stages, and start-up complexes.

The main indicators of the regulatory backlog are: readiness of
the construction object for commissioning; intermediate commis-
sioning of technological stages and work packages; remainder of
the regulatory backlog at the end of the quarter.

The readiness of the object (Ug, %), is determined by the ratio
of the volume of capital investments realized from the beginning of
construction to the end of the quarter, K, to its estimated cost:

U, =K,/S, - 100. (5)

The intermediate commissioning of technological stages and
work complexes at the end of the quarter M,, %, is determined by
the ratio of the estimated cost of their part to be commissioned for
the period from the beginning of construction to the end of the giv-
en quarter M, to their total estimated cost S,.:

M, = MJS, - 100. (6)

The remainder of the regulatory backlog is the difference be-
tween the readiness of the object U, and the intermediate
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commissioning of fixed assets for this object M,. The absolute val-
ue of the backlog at the end of the quarter is expressed by the dif-
ference between the volume of capital investments realized since
the beginning of construction and the cost of fixed assets put into
operation during this period.

When compiling operational, tactical, and strategic planning of
capital investments for industrial construction and non- production
facilities, the backlog can be determined using the following meth-
odology: the backlog is calculated by the capacity of the enterprise
or facility, the commissioning of which will ensure the implementa-
tion of the normative duration of their construction; the norm of
backlog readiness; the relative size of incomplete construction.
The value of the backlog by the capacity of enterprises or construc-
tion objects, the completion of which will allow putting them into
operation in accordance with the normative terms of construction
duration. The norm of the backlog by capacity is equal to the prod-
uct of its average annual size, envisaged for commissioning over
a number of years, by the average normative duration of construc-
tion of enterprises in the backlog. The ratio of the difference be-
tween the total design capacity of enterprises under construction
and their commissioned capacity to the capacity planned for com-
missioning in the upcoming period by industry [13]. The indicator of
the readiness of the construction backlog reflects the volumes of
capital investments that should be realized in the normative terms
for backlog construction sites. It is defined as the ratio of capital
investments that should be mastered on backlog objects to the es-
timated cost of these objects without the cost of previously commis-
sioned main stages. The norm of object readiness N, is equal to:

_ Ko =Ky —Kp

N, =
S, =S -5,

- 100, (7)
where K, K; and K, are capital investments, respectively total at
the date of determining the backlog, realized on commissioned
funds from the composition of backlog construction, on auxiliary and
service objects from backlog construction; S, S S, are the estimated
cost, respectively full at the date of determining the backlog, of com-
missioned funds from the backlog and other objects [14].

The backlog for capital investments is expressed by the follow-
ing relationship:

Z, = (B,G, + B,G, + B3G, + B,G,)/100, (8)

where Z, is the backlog according to the estimated cost of residen-
tial buildings planned for delivery next year, %; B,, B,, B; and B, are
the distribution of the total area of housing commissioned respec-
tively by quarters of the year, %; G,, G,, G5 and G, are the readiness
of houses by the end of the year, ensuring their commissioning in
the corresponding quarters, %.

The backlog for the total area of houses Z,, %, is determined by
the formula:

Z,=3(By+By+...+B,_j)/S, 9)

where B,, B,, ..., Bi_; are the total area of houses put into operation
during 1, 2, ..., months, starting from the first month, ml; (i—1) is
the duration of construction of one house, months; S is the total ar-
ea of houses put into operation in the calculated period, ml.

The volume of incomplete construction production for works
performed by own forces at the end of the planning period,
Qouwn.e.pp. 1S determined by the formula:

Qown.e.p.p = Qown.b.p.p + Qown.c.w_ Qown.c.py (10)

where Q,,,, 5 5. IS the volume of incomplete construction production
for works performed by own forces at the beginning of the planning
period; Q,,, .. is the volume of contract works performed at
the construction of an enterprise or object in the planning period by
own forces; Q,,, ., is the volume of commercial construction prod-
ucts for the enterprise or object, performed by own forces, to be
delivered to the customer in the planning period.

The total volume of incomplete construction production for
the enterprise under construction, the start-up complex, or the ob-
ject at the end of the planning period Q is determined by

total.e.p.p
the formula:
Qtota[e.p,p = Qtotal.b.p,p + Qown.cAw + qub - Qtotal,c.py (11)
where Qa5 18 the total volume of incomplete construction pro-

duction at the beginning of the planning period; Q,,, ., is the vol-
ume of contract works performed at the construction of an enter-
prise or object in the planning period by own forces; Q,,, is
the volume of commercial construction products accepted in
the planning period Qy,q . , Of cOnstruction products planned to be
delivered to the customer in the planning period.

The total volume of incomplete construction production record-
ed on the balance sheet of the contracting organization at the end
of the planning period Q4. , IS determined by the formula:

Qtotal.b.e.p = Qtotal.e.p.p_ Qw,p' (12)

where Q,, ,is the estimated cost of construction and installation
works performed at the beginning of the planning period under
general and direct contracts (including the volumes of work per-
formed by subcontracting organizations) and delivered to the cus-
tomer.

V. SYSTEM OF INDICATORS OF The VOLUME
OF CONSTRUCTION PRODUCTION PRODUCTS

The system of cost indicators of the volume of construction
products used in the planning and accounting of construction pro-
duction is formed based on economic, organizational, and other
features of capital construction. These primarily include the struc-
ture of construction activities, the measure of participation in pro-
duction, forms of specialization, the system of contractual relations,
sources of financing, forms of subordination, territorial placement,
features of the technology of construction production, etc. [15].

Taking into account the features of the organization and func-
tioning of capital construction noted above, the system of indicators
of the volume of construction production products is formed ac-
cording to the following main characteristics:

1. By stages of construction activity:

e produced construction products;
e commercial construction products.
2. By the nature of contractual relations:
e construction products under general contracts;
e construction products under direct contracts;
e construction products under subcontracts.
3. By sources of financing at the expense of:
¢ state capital investments;
e public-private partnership funds;
e specialized funds;
® population funds;
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¢ funds from authorized regional and territorial sources of fi-
nancing.

4. By the nature of participation in cooperative construction pro-
duction:

e construction products produced by the contractor's own
forces;

e construction products of involved organizations;

e construction products produced economically.

5. By subordination and territorial placement of products pro-
duced by own forces (under subcontracting agreements), for or-
ganizations subordinate to:

e their association, construction groups;
® other construction groups.

6. By subordination to the territorial placement of products of
involved organizations, subordinate to:

 their association, construction groups;
e other construction groups.

The results of the work of the developer-builder, as well as con-
struction production as a whole, are characterized by a system of
product indicators, in which construction activities are considered
as a single process of production and implementation (delivery to
customers) of construction products. In accordance with this eco-
nomic content, two subsystems of indicators are formed — the vol-
ume of produced products and the volume of commercial construc-
tion products (delivered to customers), having different economic
meanings and purposes. Indicators of the volume of produced
products characterize the volume of construction production (gross
volume of construction and installation works) regardless of the sale
of products. Indicators of the volume of commercial construction
products are used to assess the final result of the production ac-
tivities of construction companies.

When building large industrial, transport, and other complexes,
dozens of subcontracting organizations participate in the order of
production cooperation. At the same time, subcontractors are re-
sponsible only for the works entrusted to them, while general con-
tractors are responsible for all works at the facility and the construc-
tion site as a whole, i.e., for works performed both by their own
forces and by subcontracting organizations. The peculiarities of
production relations between construction organizations, the nature
of the functions they perform in joint construction find expression in
the system of construction product indicators.

When determining the value of the total volume of commercial
construction products, the finished products of the developer-
builder are taken as a basis.

The stage and complex of works in the composition of this indi-
cator are accounted for:

e the cost of works on start-up complexes and objects deliv-

ered to customers under direct contracts;

e the cost of completed complexes of works (on site improve-
ment; works not included in the start-up complex) on previ-
ously delivered special objects to the customer;

e the cost of completed construction and installation works de-
livered to the general contractor at enterprises and objects
under construction under subcontracting agreements;

e the cost of completed technical stages delivered to the gen-
eral contractor at objects under construction;

¢ the cost of works on completed capital repairs of buildings
and structures;

e the cost of other contract works.

VI. FINAL PART

When calculating construction organizations for a finished ob-
ject, the estimated cost for the object is included in the commercial
construction products after the complete completion of its con-
struction in the volume and composition of works provided for by
the project and estimate, and its delivery to the customer. The cost
of works on technological stages and complexes of works is in-
cluded in the commercial construction products of the organization
after their complete completion in the volume and composition pro-
vided for by the estimate.

The composition of realized construction products differs from
the composition of commercial construction products for the cor-
responding period in that the realized construction products do not
include: the volume of works on unfinished objects and completed
but not delivered to the customer objects, volumes of works deliv-
ered to the customer, the construction of which was not provided
for by the plan; the estimated cost of sold products, the proceeds
from which did not arrive at the settlement account by the end of
the planning period.

When determining the volume of realization of construction
products, the full cost of works on completed objects is taken into
account, regardless of when they were started, and not just the cost
of works performed in the reporting period. For example, if some
works on the object were not completed in the preceding period,
then the estimated cost of works on them will not be accounted for
in the organization for this period in the realized products.
In the next reporting period, after the completion of all works on
the object and its acceptance by the customer, the estimated cost
of works of this object (including the result of the previous year) will
be credited to the realized construction products. For example,
the total volume of works delivered to customers for the reporting
period amounted to 16,707 million rubles. The volume of works on
completed and delivered to the customer objects approved for this
reporting year will amount to: 12,500 + 1,134 + 915 + 1,120 = 15,792
million rubles. The realized products did not include: the volume of
completed but not delivered to the customer works on the boiler
house — 440 million rubles, the volume of works delivered to
the customer on a residential house, the construction of which was
not provided for by the plan of the given year — 915 million rubles.

The fulfillment of the plan for the realization of construction
products in the reporting year was: 15,792/16,232 = 97.3 %.

When calculating the volume of these works, double counting
of individual and accepted types of works should be avoided.
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MeTopuka pac4yeTa npon3BoACTBEHHOro
UuKia npu ctpouTesibCTBe HpOMbILIJ.HEHHOI;i
HeaABUXXNMOCTU C YHETOM I3KOJIOrM4eCKux
AdClreKToB

OKomnornsa — 3TO Hayka, OXBaTblBawLLlas CyLLeCTBYOLLNE CBS-
31 MeXAy YeNIoBEKOM W OKpYyXXaloLLen cpefoin. Skonornyeckme
CBSA3M OT/IMHAIOTCS HE TOJIbKO pa3HO06pas3meM, HO U CIOXHO-
CTblo. IX XxapakTepHasi 0CO6EHHOCTb 3aK4aeTca B TOM, YTO
MHOIMe U3 HUX He NoJAaTCA N3yHEHUIO TPaAULIMOHHBIMU METO-
namu. B cBA3M € 9TUM MHOrMM BMAaM NpUpOOHbIX 60ratcTB Ha-
HOCUTCS HEnonpasuMbIN yLLep6.

CTpouTENLCTBO Hamboree akTMBHO BMELLVMBAETCS B CIIOXMBLUN-
€Csl NMPUPOAHbIE MPOLECCHI.

K BaXHeWWnm HapyLleHMaM MpUPOAHOM cpefbl B npouecce
CTPOUTENBLCTBA OTHOCATCS: MOTEPU PACTUTENbHOIO CNOsi B CBS-
31 C BbIMOSIHEHWEM 6OMbLLMX 06bEMOB 3EMJISHLIX PabOT; BbIPY6-
Ka 3eneHbIX HacaxAeHW 1 neca, HapyLLeHWs YCOBUIA pa3BuTus
bayHbl 1 GOfI0pPbI, & TaKXXe BEPXHEro MOKPOBa NOYBbl; U3BMEHEHNE
YPOBHS FPYHTOBbIX BOZ, BbI3bIBalOLLiEE NOATAMN/IMBAHNE CEMbCKO-
XO3SINCTBEHHbIX YroAuA N HaCceneHHbIX MecCT.

B HacToslee BpeMs yMEHbLUAIOTCA HapyLleHus naHgluiadg-
Ta, BOAHOMO N BETPOBOrO pexuma, noBpexnaeHne No4BeHHOro
M pacTUTeNIbHOro MNOKpoBa, 3arpsi3HeHME BOJHOIO 1 BO3AYLUHO-
ro 6acceHoB, atMocdepbl U NOYBEHHOIO MOKPOBA, NoraLlaoT-
Cs LLyMOBblE U cBeTOBble 3PdeKTbI. B npoLiecce cTponTenscT-
Ba BOCCTAHABMMBAIOTCA AOMYLLEHHbIE HapYLLEHUS B NMPUPOJHOWN
cpefe nyTeM peKynbTMBaLMn HapyLLEHHbIX 3eMerflb, COXPaHeHUs
1 NMOBTOPHOr0 UCMOJSIb30BaHNSA FYMyCOBOMO CI0Si; HEOOXOAUMbIX
OYUCTHBIX COOPY>KEHUI 1 BO3AYXOOHULLIAIOLLNX YCTAHOBOK; CO-
3[0aHUA 3aLWMTHBIX A4aM6, NCMOMb30BAHUA NOA, CTPOUTENbHYIO 3a-
CTPOWKY HEroAHbIX U 60MI0TUCTLIX MECTHOCTEN; COXPaHEeHWs npu-
POAHOro pexuma pek 1 naHaladra; HaBefeH s Haanexallero
nopsaka Ha TeppuTopun, NCNoNb3yeMON CTPOUTENbHbLIMW opra-
HU3auuaMun, NPpeanpuUaTUAMN CTPOUTENBHON MHAYCTPUN U NPO-
MBILLUIEHHOCTWN CTPOUTENbHBIX MaTepuanos; NpeaoTBpaLLeHuns
3arpsi3HeHVs TeppuUToOpMM NOMYTHBLIMU NPOAYKTaMU U OTX0AaMu
npov3BoACTBa.
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MBILLISIEHHbIX KOMIT/IEKCOB
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