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Optimization of economic outcomes of energy
saving actions taken throughout the entire
lifecycle of a capital construction facility

The current consensus on the lack of alternatives to the energy-saving vector of economic development has led
to the development of national and international energy saving programmes and numerous studies on improving
the energy efficiency throughout the entire life cycle of projects in architecture, engineering, construction and oper-
ation of buildings. However, research projects have revealed a wide gap between projected and real energy con-
sumption, which disrupts energy modernization strategies and policies. According to the recent studies, this gap is
caused by social, technical and technology-related factors. The accuracy of assessing the economic efficiency of
energy saving actions is also affected by macroeconomic uncertainties, which overcomplicate energy-focused eco-
nomic modernization. Integration of technologies towards information modeling of the entire life cycle, energy sav-
ing, cost reduction can improve the state of affairs in architecture, engineering, construction and operation of build-
ings and structures. Methods used to increase the accuracy of prognosticated economic consequences of energy
saving actions are the subject of this study. The authors have developed algorithms for the quantitative description
of contributions, made by architectural/planning solutions, energy-saving technical and technology-focused solu-
tions, and predictive macroeconomic conditions to the energy efficiency assessment throughout the entire life cycle
of a construction project. The resulting information model of the project life cycle, available at the design stage, al-
lows optimizing geometric parameters of architectural and planning solutions in terms of the energy consumption/
cost ratio. At the reconstruction stage, information models optimize technical and technological solutions aimed at
energy saving. At the stage of operation, planned energy-saving actions can be optimized using the results of dy-
namically monitored thermal properties of building envelopes and macroeconomic conditions. In addition, the infor-
mation model of energy efficiency allows for the quantitative analysis of the economic effect of investments in the re-
placement of building envelope elements to optimize current management solutions in terms of the cost/effect ratio.
Keywords: building information model, project lifecycle, energy saving, optimization, economic efficiency, capital
construction facility

Acknowledgement. The study was supported by Project No. 3.1.7.1 of the Fundamental Research Plan of
the Russian Academy of Architecture and Civil Engineering for 2021-2023 and the Ministry of Construction and
Public Utilities of the Russian Federation. The studies, whose results are presented in this paper, were conduct-
ed using the Prof.Yu.M. Borisov Equipment Sharing Centre at VSTU, as well as support from the Ministry of Sci-
ence and Higher Education of the Russian Federation, Project No. 075-15-2021-662.

Gorbaneva

Elena Petrovna,

Candidate of Technical Sciences,
Associate Professor of the Depart-
ment of Technology, Construc-
tion Organization, Expertise

and Real Estate Management;
Voronezh State Technical
University (VSTU); 84 20-let
Oktyabrya St., Voronezh, 394006,
Russian Federation; ID RISC:
717804, Scopus: 57196442554,
ResearcherID: GS0-3594-2022,
ORCID: 0000-0002-4105-350X;
egorbaneva@vgasu.vrn.ru

Kosovtseva

liona Andreevna,

Assistant Professor of the Depart-
ment of Technology, Construction
Organization, Expertise and Real
Estate Management; Voronezh
State Technical University (VSTU);
84 20-let Oktyabrya St., Voronezh,
394006, Russian Federation;

ID RISC: 841698, ResearcherlD:
GRY-6442-2022, ORCID:
0000-0002-3642-3414; ilona.
kosovceva@vgasu.vm.ru

INTRODUCTION

ccording to various estimates, an increase
Ain the energy efficiency of the Russian hous-

ing sector, that consumes one quarter to
one third of primary energy, is an absolute must for
the development of design, construction, architec-
ture and building operation sectors, characterized
by an increase in the negative environmental im-
pact, depletion of non-renewable (primarily, hydro-
carbon) natural resources, and the ever-growing
price of energy from renewable sources, the inte-
gral economic and environmental efficiency of
which is currently negative [1]. As a result, binding
documents contain a wide range of energy saving
actions for the housing and utilities sector. Hence,
according to the state report, issued by the Ministry
of Economic Development, the goal of the housing
and utilities sector is to have energy savings worth

sources in the housing and utilities sector is to
reach its maximum value through the comprehen-
sive overhaul of multi-apartment residential build-
ings coupled with the introduction of energy effi-
cient technologies. However, these energy saving
actions, planned for the housing and utilities sector,
demonstrate extremely low efficiency. For example,
in 2019, the total consumption of fuel and energy re-
sources was down 5.16 million tons of reference fu-
el. However, the climatic factor had a positive affect
on reduction of the energy intensity of the sector
worth more than 7.28 million tons of reference fuel.
Consequently, the contribution of technical, techno-
logical, organizational and other actions turned out
to be negative.

MATERIALS AND METHODS

Kstenin
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19.8 million tons of reference fuel by 2030. This goal
is attainable by tightening the requirements for en-
ergy resources consumption in public areas and
energy efficiency criteria for apartment buildings
and other structures. To achieve this goal, the Fund
for Assistance to the Reform of Housing and Utilities
(hereinafter “the Fund”) resumed the provision of fi-
nancial support of the overhaul of apartment build-
ings (OAB) suspended in 2018. The amount of re-

methods of boosting the energy efficiency of build-
ings is very costly, and as a result their payback
period is quite long in most cases. The impossibility
of projecting macroeconomic conditions even in
the medium term gives rise to uncertainties in as-
sessing the energy saving potential [2], which slows
down decision-making on investments in energy
modernization [3, 4]. To overcome this problem, nu-
merous attempts were made to optimize methods of
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predicting the economic results of energy saving actions [5-7]. As
a result of the research, two classes of reasons for major errors in
the description of the economic potential of energy saving were
identified [8, 9]. Firstly, these are the reasons associated with socio-
economic factors and called the rebound effect [10] and
the prebound effect [11, 12] that explains the productivity gap.

Errors in the economic forecast are also associated with errors
in physical models of energy losses [13, 14] and errors in the data
used to implement these models [15].

This work focuses on formation of an algorithm that describes
the economic potential of energy saving free from these shortcomings.

The integral quantitative characteristic of efficiency can be rep-
resented as

EFF=tZPBr/PQDr. 1)

In formula (1), the following notations are used:
* t, is the total number of periods (months, quarters, years, de-
pending on the terms of assessment) in the total life cycle;
* t, numbers the periods in the life cycle;
® PB, is the price of technical and technological actions aimed
at improving the energy efficiency in the t-th period;
* PQ,,; as the total savings accumulated through the implemen-
tation of energy saving actions.
The value of selling price PB; is determined in accordance with
the construction or reconstruction project, whose matrix is present-
ed in Table as part of the information model of the whole life cycle.

The maximum number of modifiable elements is determined as
the sum of Jm = J, + JW attainable in the case of complete si-
multaneous replacement of elements. In the case of successive
performance of activities in each interval, condition J < Jd + JW
is fulfilled. The implementation cost of actions, aimed at improving
the energy efficiency in the t-th period, can be calculated by sum-
ming up the purchase cost of elements, their dismantling and instal-
lation, insulation of walls, roofs and floors:

w
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In formula (2), the first three sums take into account the shares
of windows, doors and air conditioning units in the implementation
cost of technical and technological actions, respectively. The num-
ber of addends in these sums (J;", J{ and J)) is determined by
the number of elements modified in the t-th period. The cost of ele-
ments and work items is determined during the same period, which
requires an ongoing update of the library of standard sizes. In
the course of construction periods, when condition t < td is
fulfilled, if t,;, is the term of construction, dismantling and reclama-
tion costs ¢ are equal to zero. Same as in the case of individual
elements, characteristics (areas and modification costs) of walls,
roofs and basements are determined for each period, which re-
quires an update of basic structures of an information model.

Unlike energy-saving costs that are limited in time, the savings
that they ensure are accumulated in the course of the life cycle.

Matrix of the information model of the whole life cycle, that determines the implementation price of technical and technological actions aimed

at improving the energy efficiency of windows and doors
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Assuming that the macroeconomic situation is stable and energy
saving amounts are invested in full, the time dependence of spe-
cific accumulated savings per unit area of an enclosing structure
was studied in [16], and the energy efficiency criteria in [17-20].

Let’s consider the benefits of energy saving actions for a set of
individual elements in a dynamically changing macroeconomic en-
vironment (windows, doors, air conditioning units, walls, etc.), which
can be represented as:

Jmax _J

Pa(t)=ra (o) [(1+,) 8

j=0 m=1

In formula (3), the following notations are used:

* [, is the time period for energy saving work (construction of
a structure, replacement of individual elements, overhaul, etc.);

* PQ(t,) is the benefit of energy saving actions accumulated
during the following period At = t;;,— to where t;;, = min[t,.;, toeml
is the smaller of the following time periods: t,,; as the complete
project life cycle and t,,, as the life cycle of a modified ele-
ment;

* PQ;(0) is the basic benefit of energy saving actions obtained
during the initial period;

® jnax IS the number of scheduled periods within At, the term of
benefits accumulated by energy saving actions;

* k., is the inflation rate for scheduled periods of benefit accu-
mulation.

In formula (3), multiplier

max __J

G= H(1+km)

Jj=0 m=1

is determined both by the macroeconomic environment and the pe-
riod of energy saving benefit accumulation. In contrast, multiplier
PQ,(0) is only determined by the nature of engineering solutions used
to improve energy efficiency. If the macroeconomic situation is sta-
ble, approximation of the constant inflation rate is valid k,,, = k = const.
In this case, formula (3) can be substantially simplified. We take into
account that in this case equation (4) is true

H(1+km)=(1+km])><

-t ‘ 4)
><(1+kmz )~--(1+km, ):(1+k)’.

J

Hence, in equation (4), the result of summation, which is re-
duced to calculating the sum of geometric progression, will be as
follows in case of non-zero inflation:

1+ k)™ -1
PQf(tU):PQi(O)%'

(5)
In zero inflation intervals, the passage to the limit k—0 in formu-
la (5) generates the following result PQ,(t,)=PQ (0) j. By expand-
ing the left side of formula (5) into McLaurin series with respect to k
parameter within the accuracy of first-order members, we obtain

PO () 2PQ,(0) o [1+ K- ~1)/2]. ®

Hence, in conditions of moderate inflation and/or short-term
plans, when inequality k- j,,, <<1 is fulfilled, the benefit, accumu-
lated by energy saving actions, can be considered linear in terms
of the inflation index and quadratic in terms of time. This fact is il-
lustrated in Figure.

Figure clearly demonstrates that at low inflation this depend-
ence is close to linear regardless of duration. For values of k > 0.02
there is a sharp increase in G for j > 10, and at k > 0.1 a sharp in-
crease is implemented forj > 5.

Graph of dependence between the multiplier (the applicate axis)
and the rate of inflation (the abscissa axis), between the benefit ac-
cumulation period and energy saving actions (the ordinate axis)

Let’s consider methods used to describe the contribution of
technical and engineering solutions to an increase in energy effi-
ciency, determined by multiplier PQ,(0) in formula (6). The cost of
consumed thermal resources is determined by heat losses Py, heat-
ing season duration At, heat losses and regional or local price of
heat energy C,,, rubles/J:

PQ (0)=Co [ A (T, —(T))-At+AQ,,, | 7)

If the heat agent temperature difference at the inlet and outlet is
proportional to the indoor and outdoor temperature difference
AT “=0.-AT", the heat loss equation can be formulated as follows:

Neon N
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By substituting formula (8) into expression (7) we obtain

PQ,(0)=C, (T, —(T))- At x
‘a} 9)

Hence, in accordance with expression (9), the basic benefit of
energy saving actions PQ;(0) is completely determined by the re-
gional coefficient

water Pwater

N:cr\
x[PT + s Zi nP +c
P

C=Co (T, —(T))-At, (10)
depending on climate factors and the price of thermal energy, tech-
nical and engineering characteristics of the structure, that are
quantitatively described by the multiplier

C,=P +c
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CONCLUSIONS AND RESEARCH PERSPECTIVES

The following conclusions can be drawn as a result of the re-
search. Lengthy payback periods, typical for technical and engineer-
ing methods used to improve the energy efficiency of buildings, and



#4 /2022

MexayHapoaHbI Hay4YHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

TPAJOPETY/IUPOBAHME W YNPABJIEHUE XUJTULLHO-KOMMYHAJIbHBIM KOMMJIEKCOM

48

the unfeasibility of a reasonable forecast of macroeconomic conditions
for the payback period lead to diverse assessments of economic effi-
ciency of energy savings. The analysis and dynamic adjustment of
the forecast is only feasible within the framework of energy efficiency
information models developed for the whole life cycle of the project.
The algorithm of quantitative description of the contribution of energy-
saving solutions and predictive macroeconomic conditions to the en-
ergy efficiency improvement of buildings and the information modeling
of the whole life cycle of the project, formulated in the paper, solves
a number of practical problems. First of all, at the design stage, this
algorithm allows for the energy optimization of geometric parameters
of architectural planning solutions. Further, at the reconstruction stage
strategic energy-saving solutions can be formulated. The dynamic ad-
justment Energy-saving actions can be adjusted on the basis of moni-
tored thermos-physical properties of building envelopes and macro-
economic conditions. In terms of short-term planning, the energy
efficiency information model, developed by the authors, makes it pos-
sible to perform the quantitative analysis of investments in the replace-
ment of building envelope elements to optimize management deci-
sions in terms of the cost/return ratio. The research needs to be
continued to consolidate the algorithms, developed for capital con-
struction projects, whose architectural planning solutions contain mod-
ules having spherical, conical and pyramidal shapes. Also of consider-
able practical interest is the software implementation of developed
algorithms in relational database shells and the formation of dynamic
libraries of thermo-physical and geometric parameters of building en-
velope elements for standard construction facilities.
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YTO MoApbIBaET CTPaTernm 1N NOMIUTUKY SHEPreTUHECKON MOAEPHU-
3auumn. U npnimHbl 3TOro paspbiBa onpefenstoTcs Kak coumanbHbl-
MW, TaK N TEXHUKO-TEXHOMOrnyecknummn cpaktopamm. Ha To4HoCTb
OLEHKM SKOHOMMYECKOW 3(PIEKTUBHOCTU 3HEprocoeperaroLLmx
MEpPOMNPUATUIA OKa3bIBAET BANSHUE TakXe U HeOoMnpefeneHHoCTb
MaKpO3KOHOMMYECKON CUTyaLmMn. Takoe NONOXEHNe 3Ha4YUTENBHO
3aTpyaHSeT SHEepreTM4ecKyo MOAEPHU3aLMIO SKOHOMUKK. B cde-
pe apxXuTEKTYpbl, MHXWHUPUHIA, CTPOUTENLCTBA U 3KCMyaTaumm
YAy4LWWTb CUTYaLMIO MO3BONSET MHTErpaums TEXHONOIMA MHAOP-
MaUMOHHOIO MOAENMPOBaHNSA NOTHOMO XW3HEHHOrO LKna, SHep-
rocbepexeHns N OUCKOHTMPOBaHWS 3aTpaT v Npubbinu. Metogam
YBENNYEHNS TOYHOCTM MPOrHO3MPOBaHWS 3KOHOMUYECKMX nocnea-
CTBMI Mep 3HeprocbepexeHnss M MNOCBsLLeHa AaHHas paobora.
30ecb NonyYeHbl anropuTMbl KONMMHECTBEHHOMO ONNCaHNA BKNaga
apXUTEKTYPHO-MNAHNPOBOYHbIX PELLEHNI 1 3HEeprocbeperaroLLmx
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TEXHUKO-TEXHONOIMM4YeCKnxX peLueHvu7| M NPOrHO3HbIX MaKpPO3KO-
HOMWYECKMX YCIIOBUN B OLIEHKY 3HEProatheKTMBHOCTA MOSHOMO
XW3HEHHOro LumKna npoekTa. MonyyeHHas nHdopmaLmoHHas Mo-
[enb MOHOro XXM3HEHHOro LKA NpoeKTa Ha atane npoeKTMpo-
BaHWA MO3BOMSET ONTMMU3NPOBaTb rEOMETPUYECKME NapameTpbl
APXUTEKTYPHO-MNAHNPOBOYHBIX PELLEHWI MO COOTHOLLIEHNIO SHEpP-
ronoTpe6neHune/3arTparbl. Ha atane pekoHCTPYKUMK UHdopMaLy-
OHHas Mofesib NO3BONSET ONTUMU3NPOBATL TEXHUKO-TEXHOMOr NYe-
CKVe peLleHuns, HanpaseHHble Ha 3Heprocoepexerve. Ha stane
3KCMyaTauuy no pesynsratam AMHaMUY4ECKOro MOHUTOPUHIA Te-
nnou3nyecknx CBONCTB OrpakKAaroLLiMX KOHCTPYKUMIA U Makpo-
3KOHOMMYECKMX YCIIOBUIA MOXET ObITb BbINOMHEHA ONTUMMU3ALMA
nnaHvupyembix Mep aHeprocbepexxeHns. Kpome Toro, nHdopmaum-
OHHasi MOAesb 3HepProaEKTUBHOCTN MO3BOSIAET BbINOMHNTL KO-
NMYECTBEHHBIA aHanM3 3KOHOMWUYECKMX MOCNeACTBUIA BIIOXEHUS
CPeACcTB B 3aMEHY 3MEMEHTOB OrpaXKAaoLLUMX KOHCTPYKLUMIA, HTO
[aeT BO3MOXHOCTb OMTMMM3MPOBaTb TEKyLUMe ynpaBrieH4eckue
PEeLLEHMS MO COOTHOLLIEHWIO 3aTpaTbl/oTaada.

KrnroyeBble crnoBa: MHEHOPMAaUNOHHAs MOJESb CTPOUTESILCTBA,
XKU3HEHHbIVI UMKJT MPOEKTa, 3HeprocbepexeHve, ontummusauus,
OKOHOMMYECKas 3PPEKTUBHOCTb, OOLEKT KarnmTasibHOro CTpou-
Te/IbCTBa

BnarogapHocTn. Pabota nogaepxxaHa npoektom Ne 3.1.7.1 lNna-
Ha byHOaMeHTanbHbIX ccnegoBaHuii Poccuiickorn apxmTekTypHoO-
cTpouTenibHou akagemum Ha 2021-2023 rr. 1 MuHncTepcTaa CTpo-
uTeNbCTBa M KOMMYyHanbHOro xossvctea Poccuiickon ®epepa-
umn. ViccnepoBaHnvisi, pe3ynbstar KOTOpbIX U3NOXEH B AaHHON pa-
60Te, MPOBOAVNNCL C UCMONb3oBaHnem obopynosaHus LIKI M.
npod. 0.M. Bopucosa BI'TY, npu nogaep>xxke MuHuctepctea Hay-
KU 1 BbicLlero obpasosaHus P®, npoekT Ne 075-15-2021-662.
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