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A conceptual model for analyzing the dynamics of
the value of the project, achieved as a result of engineer-
ing, under conditions of uncertainty has been developed.
In the methodological context, the proposed approach
is based on an array of isovalues, each of which corre-
sponds to its own level of optimism in forecasting the
cash flow for the project. With the increase in the effi-
ciency of the project due to engineering, the entire array
of iso-value lines’ changes its geometrical position, mov-
ing further from the origin (in the four-dimensional space
"time-benefit-cost-risk"). The proposed model includes
three stages. At the first stage, input information is col-
lected and the corresponding analysis is initiated. The
result of the second stage is a multivariate cash flow
Sforecast and calculation of the benefit-cost ratio (BCR)
and its changes for each scenario. The third stage pro-
vides the calculation of the expected BCR and its change,
an assessment of the risk of making an erroneous deci-
sion and changing this risk as a result of the engineer-
ing session. The model makes it possible to calculate the
achieved proportion of the static and dynamic vectors of
change in the value of the project. In the example con-
sidered, the share of the dynamic vector of growth in the
value of the project was found to be 35.47 %. The model
has an environmental property - the assessment of the
success of value engineering under conditions of uncer-
tainty is carried out on the basis of the annual total ben-
efits and the annual total costs throughout the project
cycle. Thus, the analysis takes into account the impact of
the project on the environment, which is reflected in the
risk assessment. The given case testifies to the feasibility
of applying the model in the practice of engineering the
value of construction projects
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1. Introduction

Value engineering aims to increase the utility of a project
per unit of resources required to implement it. In construc-
tion projects, this methodology can be applied multiple
times and at different stages. As a result of each engineering
session of value, thanks to the proposed technical solutions
that can relate to any aspect of design and in any combina-
tion, the project reaches its level of value. For each of these
states, the project can predict the cash flow and calculate
the dynamics of the efficiency of investments in construc-
tion, achieved through engineering. However, events in the
future, under the influence of many factors, can go according
to different scenarios, and it is impossible to guess exactly
which ones. Therefore, the creation of a conceptual model for
analyzing the dynamics of the value of a project in conditions
of uncertainty and acceleration of scientific and technologi-
cal progress is a relevant task.

In [1] it is indicated that the creation of a design as its
core has a definition of a strategy that requires rational cal-
culation to make the most appropriate decision, and it is said:
“the importance of calculation in design becomes increasing-
ly clear in new and sometimes surprising ways”.

The importance of this topic in construction projects is
especially high due to the following reasons. Firstly, the im-
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plementation of construction projects is usually associated
with significant investments, causing increased attention
to the issue of effective use of capital investments. Second-
ly, such projects often require the use of large amounts of
natural resources and can have a negative impact on the
environment. Thirdly, the life cycle of such projects is rather
long, and, therefore, anticipating the development of events
for years to come requires the use of approaches such as the
theory of probability. These key aspects are the general con-
text for this study.

The high relevance of the topic is associated with a mod-
ern requirement, in [2] it is indicated as follows: “the moment
must be seized to take advantage of this unique window of
opportunity to redesign a more sustainable economy”.

Engineering of value has proven its performance in wide
practice, but it requires development on the basis of funda-
mental and applied scientific research. In the modern world,
innovations appear very often and have already become a
key factor in capital reproduction. Due to the long duration
of construction projects, additional opportunities arise for
the introduction of new technologies in them. At the same
time, the current state of development is characterized by in-
creased unpredictability. Environmental challenges and the
aggravation of the problem of using natural resources should
be taken into account when justifying the feasibility of a




design for a project. The potential for extensive development
in the global sense is almost exhausted. This indicates the
feasibility of developing a sustainable development-oriented
model for analyzing the dynamics of the value of a project
under conditions of uncertainty.

2. Literature review and problem statement

In work [3] it is noted that “value creation theory pro-
poses that design is a factor early in the product development
process”. In [4] it is indicated that in the construction indus-
try, behind the traditional approach, design covers prede-
sign, schematic design, design development and construction
documents. At the same time, according to the integrated
project execution approach, the role of design in the early
stages increases and in such a strategy the stages are called:
conceptualization, criteria design, detailed design and im-
plementation documents. These works define the stages of
the project, on which attention is focused on creating an
effective design, however, the models for making technical
and economic decisions are not disclosed.

As indicated in [5], “value-creating innovations are pur-
sued to maximize the value that an innovation holds from
the customers’ point of view” is the indicator that adequately
reflects the value of the project both from the perspective of
the consumer and the investor and other interested parties
to the project [6] So, it is advisable to develop research in the
field of analysis of the dynamics of the value of a project in
conditions of uncertainty on the basis of this indicator.

Innovation refers to the introduction of new ideas or
technologies to create value in fundamentally different ways
than in the past [7]. Some of the value will be captured
again by the firm, and the rest — by project partners and
other stakeholders [8]. In construction projects, quality of
work and environmental protection are strongly linked to
cost and value [9]. Within the framework of a construction
project, new engineering solutions will not be recognized as
expedient without an appropriate investment justification.
In work [10] it is noted that the final task of design is to
assess the innovation in the product that must be produced
or implemented. Thus, research should include the use of a
mathematical apparatus that can be used to assess the ef-
fectiveness of innovations in design, taking into account the
impact of the project on the environment.

The expected value to be created is determined at the
very beginning of the project and then this “reference point”
serves as an initial basis for comparison with subsequent re-
sults [11]. So, in the created conceptual model, the dynamics
of design improvement has to be analyzed in comparison
with its previous states, starting from the baseline.

Despite the presence of a significant number of criteria,
in fact, to determine the feasibility of projects, mainly only
three are used: the net present value (NPV), the internal
rate of return (IRR) and the payback period (PP) [12].
In [13], it is noted that NPV is usually recommended as
a key criterion. For example, in [14] NPVs are applied to
assess various technologies. The initial version of the NPV
method considered cash flows as deterministic, and later the
approach was refined for conditions of uncertainty [15]. The
expected net present value (ENPV) method relies on several
plausible scenarios for the development of events [16]. Simi-
larly, it happened in the development of other methods (cri-
teria) of project evaluation. For example, one of the cases of

using multivariate forecasting within the framework of the
benefit-cost ratio (BCR) method is given in [17]. In [18], the
BCR method (criterion) is the basis for the “risk-cost-bene-
fit” analysis. In work [19], the “fuzzy BCR” method was ap-
plied to determine the feasibility of production technologies.
The BCR criterion is convenient for application in the sys-
tem of interaction of various decision-making groups [20].
At the same time, in conditions of uncertainty, traditional
approaches to assessing investment projects do not provide
adequate support for making the most appropriate deci-
sions [21]. The issue of industry responsibility for the state of
the environment in modern conditions is one of the most im-
portant topics [22]. An extensive development path associat-
ed with an ever-increasing consumption of resources causes
exacerbation of environmental problems [23]. A cost-benefit
analysis should evaluate investment projects taking into
account their impact on the environment [24]. At the same
time, it is not so much about construction waste [25], but
about the impact of the project on the ecosystem and the
dynamics of natural resources [26] during the entire project
cycle. So, this area, especially in the context of green engi-
neering, needs to be improved.

Earned Value Management (EVM) is one of the ana-
lytical tools that helps the project manager to monitor the
status of a project in the face of uncertainty [27] and can be
enhanced by risk management techniques [28]. This method
is widely used in the construction industry [29]. Work [30]
is devoted to probabilistic modeling in the context of con-
trolling the timing and costs of an investment construction
project, based on the joint application of the Program Eval-
uation and Review Technique (PERT) and EVM. However,
this approach does not provide control over the dynamics
of the project value arising from engineering. Traditional
EVM does not cover post-construction project data. At the
same time, the benefits of the project manifest themselves
mainly after the commissioning of the construction object,
which means that it is necessary to analyze how engineer-
ing solutions affect the efficiency during the entire project
cycle [6]. The recent idea of creating Earned Green Value
Management (EGVM) aims to cover the entire project cycle
and take into account the impact on the environment [31].
However, this model does not take into account the cost of
money in time and is not an assessment of the economic effi-
ciency of the project [6].

The main goal of value engineering (value manage-
ment — VM) is to achieve the most effective project result.
[32] emphasizes this very goal, although it focuses more on
the question of the role of VM in cost control. So, the focus of
research should be directed primarily to maximizing value, not
limiting costs.

Investigating the issue of the dynamics of value,
work [33] notes that one of the areas of concern for the
environment is the development of business strategies to
extend the life cycles of production products. But, on the
other hand, the acceleration of scientific and technological
progress usually leads to the fact that objects are more likely
to become technologically obsolete. In addition, it should be
emphasized that “construction is the most difficult activity
in terms of its dynamic and complex nature” [34]. Thus, the
issue requires a comprehensive solution using the theory of
the dynamics of the project value [6] and the value engineer-
ing methodology [35].

The higher the forecast uncertainty, the greater the proj-
ect risk [36]. Uncertainty is changing, inter alia, due to the



introduction of new technologies that affect the deviation
of the value of the project from the predetermined value.
Despite this, an effective control process must track the dy-
namics of value in the face of uncertainty [37]. At the same
time, practice tends to assume that risk management itself
adds value to the project [38].

All this allows to assert that it is expedient to conduct a
study on the development of a model for analyzing the change
in the value of a construction project achieved as a result of
engineering, under conditions of uncertainty. Moreover, such
a model for assessing design improvement should be consis-
tent with the task of protecting the environment.

3. The aim and objectives of research

The aim of research is to develop a model for analyzing
the dynamics of the value of a construction project in con-
ditions of uncertainty, with an assessment of the change in
investment risk, which took place as a result of the introduc-
tion of new engineering solutions in the design. This will
make it possible in each individual project to achieve a better
understanding between engineers and investors in choosing
the most appropriate alternative for improving the design,
taking into account the possibility of the course of events
according to various options.

To achieve the aim, the following objectives were set:

— to characterize the properties of isovalues in conditions
of uncertainty;

— to develop a conceptual procedure for analyzing the
dynamics of the value of the project, based on the forecast of
cash flows for several possible scenarios;

— to propose an appropriate analytical model, illustrating
it with an example.

4. Materials and methods of research

In the course of the study, information was used re-
garding the expected cash flows for the construction of a
construction plant.

During the study, the following methods were applied:

— analysis, synthesis, induction, deduction, theory of
the dynamics of the value of the project (to determine the
properties and graphical display of isovalues in conditions
of uncertainty);

— the method of functional analysis of systems/Functional
Analysis System Technic — FAST (for the formation of a
procedure for analyzing the dynamics of the value of the proj-
ect as a result of engineering);

— modeling, formalization, cost-benefit analysis
methodology, probability theory (to create a conceptual
model for analyzing the dynamics of value under uncertainty).

“Invented in the late 1960s, FAST perfected Value Anal-
ysis. The purpose of this method is to create a new design,
however, it can be applied to improve an existing system.
By its principle, FAST allows to sequence the functions per-
formed by the system, analyzed.” [39].

In [40], it is noted that “the economist Georgescu-Roe-
gen’s work on entropy and thermodynamics in economic pro-
cesses demonstrates how natural resources are degraded by
economic activity”. The theory of the dynamics of the value
of the project is based on three laws that closely correspond
with the laws of thermodynamics [6]. Consequently, this

aspect of the methodology is consistent with the statement
given in [41] that in ecological economics the laws of thermo-
dynamics profile the laws of economics.

The calculations, within the framework of the study, are
based on the “benefit-cost” coefficient, which has certain
features and is represented by formula (1). BCR project, in
the context of investor monitoring of value dynamics, is the
ratio of the sum of the discounted benefits to the sum of the
discounted costs:

(P
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ano (Cn 'kn)

where P, — funds inflows (benefits) in period #;

C, — payment of funds (expenses) in period 7;

k, — discount factor that takes into account the deprep
ciation of funds from the start of the project in the peri-
od (year) n [6].

It should be noted here that the traditional approach
to calculating the BCR indicator, or as it is also called the
profitability index (PI), is somewhat different. For example,
according to [42], this criterion is calculated as the quotient
of dividing NPV by the initial investment.

, M

5. Research results of the impact of engineering on the
project value, taking into account the risk

5. 1. Properties of isovalues in conditions of uncertainty

The properties of the graphs of isovalues without taking
into account the influence of the uncertainty factor are formu-
lated in [6]. Let’s give an example of how the points of states of
the project are formed on the same line of isovalue. As shown
in [43], speeding up by using a tighter work schedule gives a
gain in time, however, it is associated with the mirror risks of
higher costs and late completion of the execution.

Provided that the model assumes only one, “accurate”
cash flow forecast, each step of engineering is considered to
bring the project to its own single level of dynamic value.
However, in the presence of several scenarios of cash flow,
each of them has its own isovalue line in the four-dimension-
al coordinate system “time-benefit-cost-risk”.

The need for multiple forecast scenarios is consistent
with the figurative statement: “According to traditional
assumptions, the future is singular, like the end of the road.
However, according to complimentary assumptions, the fu-
ture is plural, like the branches of a river delta” [44].

At the same time, the line of isovalues, which corre-
sponds to the pessimistic forecast of the cash flow for the
project, is closer to the origin of coordinates, and the opti-
mistic one is farther from it (Fig. 1). The line of isovalue,
which corresponds to the most probable forecast, is located
in the middle of the above lines.

Based on the above, the definition of isovalue lines
in comparison with that indicated in [6] should be slightly
changed. The scenario based on the balance of optimism and
pessimism is the most probable, and its isovalue line is the key
one in the analysis. The more pessimistic the expectations are,
the closer to the origin the corresponding isovalue line be-
comes. On the other hand, the more optimistic the forecast is,
the farther from the origin is the corresponding isovalue line.
In addition, the farther the isovalue is from the key line, the less
likely this scenario is.
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Fig. 1. Conditional image of lines of dynamic project value equivalence (according to the optimistic, pessimistic and most
probable forecast)

With an increase in the efficiency of a project due to
engineering, the entire array of isovalue lines (for the entire
set of forecast scenarios) changes its geometrical position,
moving further from the origin of coordinates of space. So,
the following illustrative situation may arise. As a result of
the current session of engineering, the isovalue line according
to the pessimistic forecast will move to the place where earlier
(at the previous session) was the isovalue line according to the
most probable forecast. In turn, the isovalue line according to
the most probable forecast will move to the place where the
isovalue line according to the optimistic forecast used to be.
According to the optimistic forecast, the new location of the
isovalue line will be even further from the origin of coordi-
nates of the corresponding four-dimensional space.

5. 2. The procedure for analyzing the dynamics of the
project value as a result of engineering

For mutual understanding and convenient convergence of
the positions of investors and the value engineering team (de-
sign team), it is advisable for the project to develop a model for
analyzing the dynamics of efficiency using Functional Anal-
ysis System Technic (FAST). This technique is a powerful
and popular tool for building as logical procedures as possible.

The key task of such an analysis is to assess the dy-
namic component of the impact of engineering carried out
during the current session on the effectiveness of the proj-
ect (Fig. 2). It is this influence, assessed by the change in
BCR that characterizes the success of the value engineering
team from the point of view of investors and other project
participants, provided that they respect nature [6]. How-
ever, as follows from the previous section, in conditions of
uncertainty, it is appropriate to make several forecasts (sce-
narios) of cash flows, in accordance with different degrees of
optimism/pessimism. Each scenario will have its own BCR.

The scope of the VDA study consists of three stages.
At the first stage, according to the chronology of events,
steps (blocks) are taken to collect initial information and
initiate the corresponding procedure. In FAST terminol-

ogy, these steps refer to “lower scope” functions. Verifi-
cation (validation) of the relevant data from the previous
engineering session is carried out when it took place. When
analyzing the first session of value engineering, BCR for all
forecast options is compared with one.

At the second, intermediate stage, according to the
chronology of events, steps are taken for multivariate fore-
casting of cash flows and calculating BCR and ABCR for
each corresponding scenario of the expected conditions of
the project.

At the third stage, according to the chronology of events,
steps are taken to calculate the EBCR and ,EBCR, as well
as to assess the risk of making an erroneous decision and cal-
culate the change in such risk due to the introduction of the
proposed engineering solutions. In addition, the proportion
of dynamic and static vectors in the total change in the value
of the project can be calculated here. In FAST terminology,
these steps refer to “upper scope” functions.

So, the third stage of the procedure is decisive. In this
regard, the following should be noted here. The calcula-
tion of the expected benefit-cost ratio (EBCR) is similar
to the known calculation of the expected net present val-
ue (ENPV), however, within the proposed conceptual mod-
el, it has some characteristic differences. The key criteria
for assessing the dynamics of the value of a project under
conditions of uncertainty, EBCR and EBCR, are calculated
not on the basis of net cash flows, but on the basis of sepa-
rately taken annual total benefits and annual total costs of
the project. Thus, the conceptual model contributes to the
fact that the work of the value engineering team becomes
focused on the task of maximizing value while saving labor,
material and financial resources during the project cycle [6].
At the same time, the input data field in the calculations is
expanding accordingly. This, in turn, affects the result of
calculating the risk that the construction project (the con-
sidered variant of its design) in reality may turn out to be
unprofitable for investors. This issue is discussed in more
detail in the “Discussion” section.



Based on

In order to...
—
—
1 And also...
1
1v
Assess ‘Fhe D.eter.rnine the Make a cash 1 Get the results of
dynamic likelihood of flow fi " the current value
component of individual ow forecas engineering
the impact of scenarios (for several i
. . . session
engineering on I scenarios)
efficiency |
Calculate EBCR I
Decide to
I Calculate BCR ana]yze the
Calculate of each scenario impact of the
AEBCR* current value

Calculate the
risk of a wrong
decision

I engineering

Calculate the
change in the
risk of a wrong
decision *

Calculate the
proportions of
static and
dynamic
changes in the
value of the
project*®

m e e e e —mmm e e e mm— e — === |- -

|

Scope of VDA study

Calculate ABCR session
of each scenario*
I
Verify the

relevant data
from the previous
value engineering
session (as a
basis for
comparison)

A 4

Note: * Relative to the previous value engineering session

Fig. 2. The procedure for analyzing the dynamics of the value of the project due to engineering under conditions of
uncertainty (based on FAST)

5. 3. Description of the proposed model on the exam-
ple of its application

The steps of the procedure (Fig. 2), in order to reveal the
properties and mathematical content of the model will be
illustrated on a visual case. In the above example, first of all,
an analysis of the financial and economic result of engineering
the value of a project is given for the vector of both static and
dynamic development. The interpretation of the obtained
data from the standpoint of comparing such an engineering
change to the project with two other vectors of value en-
hancement (purely static and purely dynamic) is given in the
“Discussion” section. The principal feature of the case is that
it reflects the assessment of the dynamics of the value of the
project, thanks to engineering, in conditions of uncertainty
about the state of the market after the construction object is
put into operation.

The cash flow forecast for the average, most expected
scenario, as of the considered engineering session is given
in Table 1. The forecasting period (life cycle of the project),

for the convenience of presenting data in the article, is lim-
ited to 11 years.

Total project revenues in the last year of the forecast
period take into account residual value. Provided that the
criterion interest rate is 12 %, the BCR of the project, cal-
culated on the basis of individual annual total benefits and
costs, according to (1), is equal to 1.0574728. For compari-
son, the BCR of the project, calculated traditionally on the
basis of net cash flows, is 1.145036.

In addition to the most probable scenario, the forecast
in conditions of uncertainty, within this case, covers 4 more
scenarios, in line with market expectations (level of opti-
mism/pessimism). According to these scenarios, during the
operational activities of the project benefits and costs are
expected in volumes listed in Table 2.

BCR calculated on the basis of formula (1) is presented
in Table 3. As evidenced by the above data, if events follow
a pessimistic scenario, then the project will not be profitable
for investors (the corresponding BCR is less than one). In



addition, each of the five scenarios, including the most antic-
ipated one, has its own likelihood.

Table 3

Intermediate calculations to determine the EBCR of the
project, before the considered value engineering session

Table 1
Cash flow forecast reflecting the state of the project s i Tfh‘ilpmdl;ﬁt
before the considered value engineering session (the most . Benefit-cost cenario of the coetli-
. d io), thousand USD k Scenario ratio (BCRy) probability | cient by the
anticipated scenario), (P probability
Year Capital Operating | Operating | Net cash (BCRyxPy)
investment income expenses flow 1 Optimistic 1.25344 0.05 0.0626719
0 -9,600 - - 9,600 i
g | Relatively )y 60 02 0.2333715
1 ~14,400 - - ~14,400 optimistic
9 9,600 B ~ 79,600 3 Aifcragcl 1.05747 0.5 0.5287364
Relatively
3 - 18240 | 10800 | 7.440 4] pescimiste | 100316 0.2 0.2006314
4 - 18,240 -10,800 7,440 5 | Pessimistic 0.93022 0.05 0.0465109
5 - 18,240 —-10,800 7,440 . . . .
The expected benefit-cost ratio for the project (EBCR) is
6 - 18,240 -10,800 7,440 calculated as the sum of the products of the coefficients and
7 _ 18,240 ~10,800 7.440 the probabilities (Table 3). Thus, the EBCR of the project, as of
the considered engineering session value, is equal to 1.0719221.
8 - 18,240 10,800 7,440 Based on the above, the variation (6”) is 0.0055041, and
9 - 18,240 -10,800 7,440 the standard deviation (o) is 0.0741894. These two indica-
10 - 18,240 10,800 7,440 tors characterize the Var%ance around the.EBCR, reflecting
both sides of the uncertainty — both the risk that the actual
1 - 28,240 ~10,800 17,440 situation will be worse than expected, and the possibility
Total -33,600 | 174,160 | -97,200 43,360 that it will be better.
To assess the risk of a situation when the project will
Table 2 have a BCR less than one, the Z coefficient is calculated:

Additional forecast scenarios that reflect the status of
the project before the analyzed value engineering session,
thousand USD

_ 1-EBCR
—

z )

Rising optimism of expectation

. : Sccnari.OS/ options ?f forecast According to the case of the value considered in the
Indicator Opti- | Relatively | Relatively | , . .. | considered engineering session, the Z-score of the dynamic
_ mistic | optimistic |pessimistic efficiency of the project was —0.9694. Accordingly, the prob-
Ingom;(r};%nf%s) 25,536 | 22,800 16,781 14,592 ability that in reality the BCR of the project will be less than
yYeRSs one is 16.6 % (as shown in Fig. 3).
Incot?l‘: flfgneg;) 139536 | 35,300 25,981 22,592 At the same time, we note that based on the above data,
Y the ENPV project, as of the considered engineering session,
Costs by years 3—11 |-14,040| —13,176 -10,260 -9,180 was worth 5998.74 thousand USD.
16,6 %
1,000 1,072

Risk :

|

1

Rising pessimism of expectation

Fig. 3. Area under the normal distribution curve (according to the BCR case under uncertainty, before the considered value
engineering session)



After the considered value engineering session (design
improvement), the cash flow for the project on the average,
most likely scenario changes (Table 4). Changes occurred
both in capital expenditures and in income and expenses
during the operation of the construction site. However,
the gain in income exceeds the total loss in costs and in-
vestments (relative to the state of the project, which was

tion, as evidenced by the data in the case, if events follow the
most pessimistic scenario, the project will remain unprofit-
able for investors.

Table 6

Interim calculations to determine the EBCR of the project,
the state after the considered engineering session value

discussed above).
Benefit-cost Scenario The product of the
Table 4 k| Scenario . probabil- | coefficient by the prob-
ratio (BCR) | oo pyy | ability (BCRyx Py)
Cash flow forecast reflecting the state of the project after YAk Y Tk
the considered value engineering session (the most expected 1 | Optimistic |  1.29438 0.05 0.0647189
scenario), thousand USD :
2 Rei‘a“.v‘gy 1.20412 0.2 0.2408245
Year Capital Operating Operating Net cash optimistic
investment income expenses flow 3| Average 1.08876 0.5 0.5443799
—14,4 - - —14,4 i
0 400 400 4 | Relatively |y 3094 0.2 0.2064426
1 ~21,600 - - ~21,600 pessimistic
2 —14,400 - - —14,400 5 | Pessimistic 0.95589 0.05 0.0477946
3 - 27,360 -15,429 11,931
4 ~ 27,360 15429 11,931 The sum of the pr'oduc:ts of BCRy by the ].)rol.)abili.ties of
= 7360 15,429 11931 the respective scenarios gives the EBCR, which in this case
_ ’ 2 ’ is equal to 1.1041605. So, thanks to the results of the engi-
6 - 27,360 ~15,429 11,931 neering session, the change in the expected “benefit-cost”
7 - 27,360 -15,429 11,931 ratio AEBCR=0.0322384, which indicates a positive trend
8 _ 27,360 ~15,429 11,931 in the value of the project.
9 N 27.360 15,429 11.931 | Nol\lkv, actc}?rding. to the proce?dur.e, it ist poss.ible 1;0 an;
alyze how the engineering session impact on investmen
10 — 27,360 ~15429 11,931 risk. Based on the data given in Table 6, for this state
11 - 42,360 ~15429 26,931 of the project (this design option), the variation (¢”) is
Total | -50,400 174,160 -97,200 71,980 0.0060607, the standard deviation (o) is 0.0778503, and

This is the most likely scenario of the “middle line” for
constructing four other options for forecasting the develop-
ment of events: optimistic, relatively optimistic, relatively
pessimistic and pessimistic (Table 5). These scenarios reflect
the benefits and costs during the operational activities of the
construction site, with updated technological design solu-
tions, in accordance with certain market conditions.

Table 5

Additional forecast scenarios reflecting the state of the
project after the considered engineering session value,
thousand USD

Scenarios/options of forecast
Indicator Opti- | Relatively llielatlv.e— Pessi-
e Co y pessi- -
mistic optimistic .. mistic
mistic
fncome (benefits) | g5304 | 34200 | 25171 | 21,888
y years 3—10
Income (benefits) in | 50 30 | 59950 | 38071 | 33888
the 11 year
Costs by years 3—11 | —=20,058 | -18,823 —14,657 | —13,115

The conducted value engineering session led to the
growth of BCR (Table 6). According to some scenarios, the
change in the “benefit-cost” ratio in comparison with the
previous state of the project is: \BCR1=0.04094 or 3.27 %;
ABCR,=0.03726 or 3.19 %; ABCR3=0.03129 or 2.96 %;
ABCR4=0.02906 or 2.90 %; A\BCR5=0.02567 or 2.76 %. So
there is a tendency: the more pessimistic the scenario, the
less impact the engineering session has on its BCR. In addi-

the Z coefficient is —1.337959708. Therefore, the risk that
the BCR of the project will be less than one is 12.1 %.
Thus, although the standard deviation has increased, the
investment risk calculated using the benefit-cost ratio has
decreased by 4.5 %.

So, the considered value engineering session led to a
dynamic increase in project efficiency and a decrease in
the risk that the funds invested in the project will bring
insufficient benefits per unit of cost throughout the entire
project cycle. And as emphasized in [45], project manage-
ment in general aims to increase the likelihood of project
success.

At the same time, let’s note that based on the above
data, the ENPV project, the state after the considered cost
engineering session, became equal to 12409.33 thousand
dollars. USA.

Presented in Tables 4—6 the considered value engineere
ing session (design improvement) led to a change in the
efficiency of the project in such a way that both its scale and
the ratio of benefits to costs changed.

To determine the share of the value increase that is
achieved due to purely dynamic factors, hover over a de-
sign option, which brings the project to the appropriate
isovalue line, but without the static factor. Table 7 shows
the data when the value engineering session led only to
a decrease in costs during the operational activity of the
construction object (compared to the situation presented
in Table 1).

According to other scenarios, according to this variant
of the result of the value engineering session, during the
operational activity of the project, the benefits and costs are
expected in volumes indicated in Table 8.



Table 7

Cash flow forecast reflecting the state of the project after
the considered session of value engineering: purely dynamic
change (the most expected scenario), thousand USD

efit analysis and the theory of the dynamics of the value of

the project [46].

Table 9

Calculation of the proportion of static and dynamic changes

Additional forecast scenarios reflecting the state of the
project after the considered session of value engineering:
purely dynamic change, thousand USD

Year | . Ca[;ital . Operating | Operating Ne& cash in the value of the project, according to the case
investmen income expenses ow
0 ~9,600 - - ~9,600 Engineering development AENPV, thousand AENPV. %
actor for the project
1 14,400 - - 14,400 factor for the proj USD :
9 ~9,600 _ _ ~9,600 Total growth 6410.59 100 %
3 - 18,240 —10,286 7,954 Dynamic component 227414 35.47 %
é - 18,240 —10,286 7’924 Static component 4136.44 64.53 %
- 18,240 —10,286 7,954
6 _ 18,240 ~10,286 7,954 Notes (explanation to the calculation): ENPV of the project as before
7 — 18.240 10,286 7.954 and after the engineering session was 5998.74 and 12409.33 thou-
) B 18,240 10,286 7.954 \;c;n;é ;;SZ’ respe;tg);lDy. ;sty-tthi 'total .thr;ase inlvc;lue is 'eqsal tlo
. ousan . The situation with the purely dynamic devel-
- 18,24 -10,2 4
190 12’243 13'222 ;’224 opment discussed above brings the project to the same isovalue (EBCR
— : - : of the project in both cases is equal to 1.1041605). Thus, the dynamic
11 — 28,240 ~10,286 17,954 component of value growth, as shown above, is 2274.14 thousand USD,
Total —33,600 174,160 —92,573 47,987 or 35.47 % of the total. The rest of the increase in the value of the projf
Table 8 ect is caused by the static factor of design development

The following should also be emphasized here. A change
in design can cause revenues and expenses to change, but
a net meal flow will not. An example of such a situation is
presented in Table 10 (compared with Table 1).

Table 10

Cash flow forecast for an alternative design solution (most
expected scenario), thousand USD

Scenarios/options of forecast

Indicator Opti- | Relatively | Relatively | Pessi-
mistic | optimistic | pessimistic | mistic

Income (benefits) by | 5 556 | 99 800 16,781 | 14,592

years 3—10
Income (benefits)in | 5q 5061 35300 | 25081 | 22,592
the 11" year

Costs by years 3—11 | -13,372| —12,549 -9,772 -8,743

For specified in Tables 7, 8 case, the data of intermediate
calculations for determining the EBCR project will be the
same as indicated in Table 6. So, the EBCR of the project is
1.1041605, and the corresponding investment risk is 12.1 %.
Thus, the effectiveness of the project is on the same line
of isovalues as in the situation after the engineering, pre-
sented in Tables 4—6. At the same time, the ENPV project
was equal to 8272.89 thousand USD. The entire increase
in this indicator (AENPV=2274.1489 thousand USD) in
comparison with the state before the considered session of
value engineering took place due to the dynamic factor of
the development of the project.

Now we can return to the analysis of the situation when
the engineering session led to both static and dynamic
changes in the value of the project (Tables 4—6). The cale
culation of the proportion of the two vectors of change in
value (static and dynamic) in the total volume of improving
the efficiency of the project is presented in Table 9. In this
part of the assessment of the financial and economic result
of the conducted engineering session, the analysis will be
asked mainly for AENPYV, and not for AEBCR, since it is
this indicator that reflects both directions of the project’s
development — both dynamic and static. However, the
EBCR fulfills an important supporting function by deter-
mining the corresponding project cost states on the same
isovalue line using this criterion. So, within the framework
of the “Crystal” value management, at this stage of the as-
sessment, there is a synergistic application of the cost-ben-

Year 4 Capital OAperating Operating | Net cash
investment | income expenses flow
0 -9,600 - - -9,600
1 —14,400 — - —14,400
2 -9,600 - - -9,600
3 - 20,240 -12,800 7,440
4 - 20,240 -12,800 7,440
5 - 20,240 -12,800 7,440
6 - 20,240 -12,800 7,440
7 - 20,240 -12,800 7,440
8 - 20,240 -12,800 7,440
9 - 20,240 -12,800 7,440
10 - 18,240 —-10,800 7,440
11 - 28,240 -10,800 17,440
Total -33,600 188,160 -111,200 43,360

The peculiarities of calculating BCR using the concep-
tual model, in contrast to traditional approaches, will reveal
the impact of such a change on the project efficiency. For the
alternative presented in Table 10 this indicator will be equal
to 1.0524501, which differs from the alternative presented in
Table 1, where it was 1.0574728.

6. Discussion of the results of the development of a model
for analyzing the dynamics of the value of the project in
conditions of uncertainty

So, according to the design improvement option pre-
sented in Tables 4—6, the result of the work of the value
engineering team was both a static and a dynamic change



in the resulting effect. However, there are two conceptually
different outcomes possible.

First, the value of a project can be changed purely stati-
cally. If, as a result of the engineering session, the scale of the
project simply increased, then this will not lead to a change
in BCR}, according to the corresponding scenarios. Conse-
quently, neither the EBCR nor the risk that the project will
be ineffective will change. For example, with an increase in
the scale of the project, the cash flow data for which is given
in tables 1, 2, 1.5 times, EBCR will remain at 1.0719221,
and the corresponding risk - at 16.6 %. On the other hand,
NPV, for each of the scenarios and the ENPV calculated on
their basis will increase by 1.5 times. At the same time, the
probability of a negative NPV value will remain unchanged
at 17.62 %. Thus, in this case, all 100 % increase in ENPV
will take place due to the static vector of the project’s de-
velopment.

Secondly, the project can be changed by engineering so
that its value increases purely dynamically. If, for example,
as aresult of a cost engineering session, the amount of capital
costs was reduced without changing all other parameters
of the project, then there was a purely dynamic increase
in value. In the case presented in Tables 7, 8, when, thanks
to innovations, it was possible to reduce costs during the
operation of the construction object without changing other
parameters of the project, all 100 % increase in ENPV oce
curred due to the dynamic vector of development.

For the case when design improvement has led to both
dynamic and static changes in the value of the project, the
model allows to calculate the proportion of two vectors of
influence of design improvement on efficiency. In the option
presented in Tables 4—6 and 9, the share of the dynamic
vector is 35.47 %, and the static one, respectively — 64.53 %.

It should be noted here that, as indicated in [6], the dy-
namic factors of value growth based on the results of the de-
sign improvement session include measures for introducing
innovations and proposals for organizational and technolog-
ical rationalization. The rest of the changes (for example, the
increase in the scale of the project, the use of more expensive
materials) are of a static nature.

The proposed conceptual model gains important prop-
erties due to the fact that the BCR calculation is based not
on net cash flows, but on annual total benefits and annual
total costs (1). To illustrate the resulting effect, the situ-
ation can be considered, the data for which are presented
in Tables 1 and 10. Options that are presented in Tables 1
and 10, have the same net cash flows. However, the second
option (Table 10) is characterized by a greater burden on
the nature of the project — both revenues and expenses in
the years from the 3 to the 10" are mirroredly increased
by 2 million USD.

So, if BCR (or PI profitability index), when the interest
rate is 12 %, is calculated based on net cash flows, then
according to the options presented in Tables 1, 10, we get
the same result — 1.145036. However, if BCR is calculated
on the basis of annual total benefits and annual total costs,
then the second option will result in 1.0524501, which is
0.005023 less (worse) than the first option (Table 1 com-
ment). This is a value reflection of the fact that the second
option (the second alternative) bears an increased burden on
the nature of the project.

At the same time, this positive “ecological” property of
the proposed approach to calculating BCR (EBCR) has a
downside. In the case when the calculations of both ENPV

and EBCR are based on the net cash flows for the project,
the resulting risk assessment of making an erroneous in-
vestment decision for both indicators will be the same. So,
for example, according to the option indicated in Tables 7
and 8, according to the traditional approach to calculations,
both the probability of negative NPV and the probability of
BCR, less than one, is 10.92 %. However, when calculating
the BCR (EBCR) based on the annual total benefits and the
annual total costs, the probability of BCR, less than one,
would be different. In the situation under consideration, the
probability of making an erroneous investment decision ac-
cording to this criterion is 12.10 %. This result is explained
by the increased field of input data for calculations and,
again, reflects the presence of risks of the project’s impact on
the environment.

Let’s also emphasize that the proposed approach is aimed
primarily at stimulating a dynamic growth in the value of
the project, which is measured by the ABCR indicator. Such
growth is possible even if the new design reduces the scale
of the project. So, the proposed model corresponds to the
current trend of bias in the perception of the design value
“from bigger is better to smaller is cooler”, indicated in [47].

The results obtained in comparison with [6] differ due
to the fact that the analysis is carried out not on the basis of
a deterministic cash flow, but on the basis of a multivariate
forecast. This is graphically displayed by a set of isovalue
lines (Fig. 1). Thus, the conceptual model is more consistent
with the conditions that exist in the real world with turbu-
lent development characteristics. In addition, the proposed
procedure is based on the FAST principles (Fig. 2). And this
creative tool is one of the key values in engineering [35].

In contrast to the EGVM approach [31], the proposed
model takes into account the cost of money over time and is
an assessment of the economic efficiency of the project. Due to
this, the analysis complies with the basic investment principles
and allows a comparative account of the benefits and costs that
will occur in different years of the project’s life cycle.

This study has the following limitations:

— the study concerns only projects that have a long life cycle
(that is, for which it is advisable to use discounted cash flows);

— the model can be applied only in projects for which it
is possible to determine in monetary form not only costs, but
also benefits;

— the study was carried out on the example of a construc-
tion project and does not cover other types of projects.

Further development of the study is possible in the fol-
lowing directions:

— development of a model for projects that relate not to
construction, but to other areas of activity;

—study of the cumulative interaction of the conceptual
model with all other facets of the “Project value management
crystal” [46].

Summing up, the key features of the proposed conceptual
model should be highlighted:

— the model allows to analyze the dynamics of the value
of the project in conditions of uncertainty and risks;

— the study mathematically proves that the more pessi-
mistic the scenario, the less impact the design improvement
has on it;

— the approach allows to calculate the proportions of dy-
namic and static changes in the value of the design;

— increasing the value of the design while reducing the
scale of the project in the context of the logic of sustainable
development can be considered the best solution.



The practical value of the proposed model is as follows.
Since the analysis is based on metrics that are logically
consistent with the corresponding foundations of the SAVE
International methodology, the model will facilitate the ef-
fective work of value engineering teams. These teams include
inverters that evaluate projects based on BCR and NPV. So,
investors and engineers will have a common basis for making
decisions. In addition, since the analysis is based on a num-
ber of possible scenarios, the model reflects the probabilistic
nature of events. This will facilitate the adoption of the most
appropriate decisions, taking into account the risks in mod-
ern conditions of turbulent development. Another element of
the practical value of the work is the focus of the model on
environmental protection and resource conservation. In the
face of aggravated environmental problems, this aspect of
the model is very useful.

7. Conclusions

1. Under conditions of uncertainty, the isovalue line is
the locus of points at which different combinations of the
four dimensions of the time-benefit-cost-risk space give the
same BCR, with a certain degree of optimism about the
project’s cash flow. The scenario based on the balance of
optimism and pessimism is the most probable and key one.
The more pessimistic the expectations are, the closer to the
origin the corresponding isovalue line becomes. In addition,
the further the isovalue is located from the key line, the less
likely such a scenario of events is. With an increase in the
efficiency of a project due to engineering, the entire array of

isovalue lines (for the entire set of forecast scenarios) chang-
es its geometrical position, moving further from the origin of
coordinates of the corresponding space.

2. The analysis of value in the face of uncertainty consists
of three stages. The implementation of the first stage ensures
the receipt of incoming information, allows you to reasonably
initiate an assessment of the dynamics of value. The imple-
mentation of the second stage provides a multivariate forecast
of cash flows, allows you to calculate BCR and ABCR for each
scenario of the expected conditions for the implementation of
the project. The implementation of the third stage provides
the calculation of EBCR and AEBCR, an assessment of the
risk of making an erroneous investment decision and a change
in such risk as a result of the engineering session, the calcula-
tion of the achieved proportion of statics and dynamics in the
change in the value of the project.

3. The conceptual analytical model is characterized by
the fact that the assessment of the success of the value engi-
neering team is carried out on the basis of the annual total
benefits and the annual total costs during the project cycle.
Thus, the analysis takes into account the environmental
impact of the project. The specified property of the model
under conditions of uncertainty manifests itself in the anal-
ysis of both changes in EBCR and changes in the risk of
making an erroneous decision. The synergistic application
of cost-benefit analysis and the theory of value dynamics
make it possible to calculate the proportion of two vectors
of value change (static and dynamic) in the total volume of
project efficiency improvement. The given case testifies to
the possibility of using the proposed model in the practice of
engineering the value of construction projects.
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