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DEVELOPMENT OF A CASH FLOW
MODEL FOR THE ECO-LOGISTICS
SYSTEM PROJECT

The object of this study is the flow of funds received during the life cycle of the project of an eco-logistics system
as a modern transformational model of the logistics system, which makes it possible to achieve the environmental
goals within the concept of sustainable development. Changing the worldview of mankind requires the application
of contemporary approaches for managing the projects of eco-logistics systems that meet the requirements for
reducing the eco-destructive impact on the environment.

The need to take into consideration and eliminate the negative consequences of the functioning of the eco-
logistics system has led to the need to prolong the life cycle of the project through the introduction of additional
environmentally-oriented phases: regenerative and revitalization. Changing the composition of a life cycle affects
the cash flows generated throughout the life cycle of the project that are dependent on the factors of the internal
environment and the external environment. One of the most complicated issues in assessing the effectiveness of
the project of the eco-logistics system is the modeling of cash flows at different stages of the project.

The project management methodology has been applied to determine the cash flow generated during the project
lifecycle. The reported results reflect the interrelation between the time and monetary parameters of the project
of the eco-logistics system. The existence of a given interdependence has made it possible to develop a mechanism
Jfor modeling the cash flows of the project, taking into consideration two variants for determining the duration of
its life cycle (strictly and broadly defined). Depending on the possibility to influence the duration of the project
life cycle, it is envisaged to apply situational or compensatory changes in the duration of time stages, which af-
Jects the value of the project’s cash flows. The application of the estimation formulae given in this work makes it
possible to model cash flows for stages, time intervals, and the entire life cycle of the project of the eco-logistics
system. The proposed mechanism of cash flow modeling could be applied in assessing the effectiveness of the
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project of the eco-logistics system.
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1. Introduction

Taking into consideration modern trends in human de-
velopment based on the concept of sustainable development,
aimed at preserving decent living conditions for the next
generations, requires that all human activities should be
environmentally-friendly. It is possible to achieve a reduction
in the eco-destructive impact of economic activity on the
environment by taking into consideration environmental
aspects in the process of functioning of economic systems,
in particular logistics. Prevention and elimination of the
consequences of negative environmental eco-destructive
impact require the transformation of logistics systems cor-
responding to the modern linear model of the economy
into more environmentally-friendly eco-logistics systems.

Increasing the success of the implementation of proj-
ects of eco-logistics systems is possible due to the use of
tools of modern management methodologies, in particular
project management. Consequently, it is a relevant scien-
tific task to model the cash flows for the project of the
eco-logistics system, generated during its life cycle, taking
into consideration the specific features of a given category
of projects.

Copyright © 2020, Koovtun T., Smrkovska V.
This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

2. The ohject of research
and its technological audit

The object of this study is the flow of funds received
during the life cycle of the project of the eco-logistics
system as a modern transformational model of the logistics
system, which makes it possible to achieve the environ-
mental goals of the concept of sustainable development.
Cash flows are generated throughout the entire project
life cycle and can take, depending on the project stage,
both positive and negative values. The values of cash flows
consist of inflows and outflows of funds, depending on
the factors of the internal environment and the external
environment. Thus, one of the most complicated issues in
assessing the effectiveness of the project of the eco-logistics
system is the modeling of cash flows. The issue has not
been studied in detail and thus needs additional research.

3. The aim and ohjectives of research

The purpose of this work is to determine patterns in
modeling cash flows over the life cycle of the project of
the eco-logistics system.
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To accomplish the aim, the following tasks have been set:

1. Determine the flow of funds during the life cycle
of the project of the eco-logistics system.

2. Develop a mechanism for influencing the time pa-
rameters of the life cycle of the project of the eco-logistics
system.

3. Model the flow of funds in the project of the eco-
logistics system.

4. Research of existing solution
of the prohlem

Life cycle (LC) is one of the main concepts of project
management methodology. Depending on the examined object,
there are many types of the life cycle: for the organization,
product, goods, information, client, team, project, document,
innovation, logistics system, etc. In project management,
the life cycle of a project is the period from the beginning
to the completion of the project (Table 1).

Tahle 1

Interpretation of the concept of «project life cycle»

A Guide to the Project Management Body of Knowledge (PMBoK) [1].
The period from the beginning to the completion of the project is termed
the life cycle of the project

The national standard of the Hussian Federation (RF). The guide to the
project management (2].

The life cycle of the project covers the period from the beginning of the
project to its scheduled completion or early termination

P2M «Program & Project Management for Enterprise Innovation» [3].
Each project can be characterized by duration — the period from the forma-
tion of the project’s plot to the completion of the project

LCs of a project are divided into phases, the composi-
tion and content of which is determined by the needs of
management and control. The phases of the project are
separate parts within the project that require additional
control to effectively manage the achievement of the main
result of the project [2].

The phases of the project may differ not only quan-
titatively but also qualitatively — with the same name,
phases in different applied spheres may have a different
meaning. Even in one applied area, projects can differ in
the number and duration of lifecycle phases [4].

According to P2M, each phase of the project can be
characterized by a certain property within the framework
of the mission being carried out and the problems solved.
Thus, the process of formation of the project LC is uni-
versal. The typical LC of the project includes the initial,
intermediate, and final phases. The intermediate phase can
be divided into two or more phases [1].

The project is considered to be finished when its goals
are achieved. However, in today’s conditions, the project
objectives do not always include the environmental aspect,
and the project is considered complete when the production
of products or services and the receipt of funds from their
implementation are stopped. In the Standards that regulate
management activities, the life cycle has its specific features
taking into consideration the environmental aspect (Table 2).

The growing importance of environmental protection and
possible impacts associated with manufactured and consumed
products requires an extension of the life cycle by adding
ecologically oriented phases (stages). According to [5], the
stages of the life cycle should include the purchase of raw

materials, design work, production, transportation/supply,
application, processing after the loss of suitability, and final
disposal. In [6], lifecycle assessment includes consideration
of the product lifecycle, from raw material extraction and its
purchase to the application of the product and subsequent
termination of its use and final disposal. To take into con-
sideration the specific features of the life cycle of various
systems, including projects, a lifecycle model is usually built.
The model represents the structure of processes and actions
related to the life cycle, organized in stages that also serve
as a common link for establishing connections and mutual
understanding of the parties. Each stage is described by
stating the goals and outputs.

Tahle 2

Interpretation of the concept of «life cycle», taking into
consideration the ecological aspect

International IS0 Standard 14001:2004. Environmental management sys-
tems. Hequirements and guidance on the use [5].

Life cycle is the consecutive stages within a system of goods production
(or rendering services) from the purchase of raw materials or production
from natural resources to the final disposal

The national standard of the Russian Federation. Environmental management.
Assessment of the life cycle [6].

Life cycle is the consecutive and interrelated stages of the product lifecycle
system from acquisition or production from natural resources or raw
materials to final placement in the environment

The national standard of the Russian Federation. Sustainable development
in communities. The system of management (7).

Lifecycle is the consecutive and interconnected stages of production (or
rendering services), from the purchase of raw materials or production from
natural resources to disposal

Changing views on the duration and composition of
lifecycle phases affects the process of forming project pa-
rameters — specific characteristics on which the success of
the managed project depends. The importance of managing
the time and cost of the project is confirmed by bring-
ing these issues to certain areas of knowledge within the
project management methodology [1].

The object, time, monetary parameters of a project are
addressed in many papers by modern scientists. Study [8]
proposed using a genetic approach to the formation of the
object and monetary characteristics of project products.
Work [9] suggest the optimization of time parameters of
the project based on the parameters of project products.
The object and time parameters of the project are sub-
stantiated in [10]. The authors of [11, 12] emphasize the
need to manage the time characteristics of project phases.
In works [13, 14], the issues of project time management
are considered at the level of the formation of the project
schedule. In [15], it is proposed to use artificial intelligence
tools, namely genetic algorithms, to make up a schedule
of project operations. The method of static and dynamic
planning of project characteristics with limited resources is
suggested in [16]. Researchers focus on taking into account
the limited resources when determining the parameters of
the project in [17, 18]. It is proposed in work [19] to make
compromise decisions between the time and monetary cha-
racteristics of the project in case of limited resources.

The life cycle of a project (the composition and duration
of phases, stages, time, and monetary parameters correspond-
ing to them) largely depends on the characteristics of the
project itself (the scope, scale, complexity, etc.). A special
category of projects includes projects of eco-logistics systems,

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 6/2(56), 2020

27—)



INFORMATION AND CONTROL SYSTEMS:
SYSTEMS AND CONTROL PROCESSES

—

I55N 2664-9969

the life cycle of which has undergone transformational
changes in connection with the environmentally-oriented
systems. The corresponding changes occurred to the time
and monetary characteristics of the project lifecycle. The
modeling of cash flows of projects related to eco-logistics
systems has not been paid proper attention in the works
by modern scientists, so it requires research.

5. Methods of research

In the process of this scientific research, general scien-
tific and special methods of research were applied.

Methods of analysis, synthesis, analogies have been used
in the analysis of the modern definition of the life cycle
of the project, its phases, products;

5) in the revitalization phase: a set of actions on the
revival, rehabilitation of the ecosystem (Fig. 1).

The lifecycle model is represented as a sequence of
stages that can overlap and/or repeat cyclically according
to the application area, size, complexity, need for changes
and capabilities [4].

In the projects of eco-logistics systems, the phases of
the life cycle can proceed both sequentially one by one and
overlap. The investment phase comes after the completion
of the pre-investment phase. The regenerative phase begins
before the end of the operational phase when the product
from the end-user enters the backflow of material resources.
The revitalization phase begins with the investment phase
and proceeds almost until the end of the project.

t}tlL isstl}llcs of fak'ing] into ConSi(gc.r' Eco-logistics system project life cycle

ation the ecological component in

the projects of eco-logistics systems . Investment Operational Regenerati Revitalizat
have been identified. The tools of m\;::;em phase > phase > ve phase > ion phase
project management methodology,

namely, models and methods of pro-

ject time management have been i #
used in determining the duration v V' . A 4

of stages, time intervals of the pro- Docurpented Eco-logistics Se} (?f A Set of ' Reborn eco-
ject lifecycle. The methods of project of eforf)ljoegcitstics - seri?cgelss t;z: the 10315?(‘)3: tsl::V - i
cost management have been applied system promotion promotion

in modeling the flows of funds ge- of direct of reverse

nerated during the life cycle of the material flow material flow

project. In addition, when model-

ing cash flows, the method of in- Eco-logistics system project phases' products

tegrated mathematical analysis has
been employed.

6. Research resulis

The life cycle of the project of the eco-logistics system has
differences from the project of the life cycle of the project of
the logistics system, justified by the specific features of this type
of project. It is proposed to divide the life cycle of the project
of the eco-logistics system into the following phases: pre-in-
vestment, investment, operational, regenerative, revitalization.

The first three phases (pre-investment, investment, opera-
tional) are standard phases for modern investment projects,
including logistics systems. The existence of the fourth, the
regenerative phase reflects the specifics of the environmen-
tally-oriented logistics system and ensures closing the supply
chain. It is during this phase that circular processes occur
to return the product (parts or materials) to the production
and consumption processes. The last, fifth revitalization phase
is related to the elimination of eco-destructive consequences
suffered by the ecosystem from the creation and functioning
of the eco-logistics system. It can be long-lasting because the
negative impact on the environment may not manifest itself
immediately and have a prolonged effect while the ecosys-
tem also needs time to recover. Each phase of the project
ends with a certain result — the product:

1) in the pre-investment phase: a documented project
of the eco-logistics system;

2) in the investment phase: the eco-logistics system
in material representation;

3) in the operational phase: a set of logistics services
for the promotion of direct material and related flows;

4) in the regenerative phase: a set of logistics services
for the promotion of reverse recycling and related flows;

Fig. 1.

The life cycle and products of eco-logistics system project

The phases in the life cycle of the project of the eco-
logistics system constitute a set of phases of the pro-
jects C/, (f=1;F). Stages (phases) of the project are
aset SU, f(f=1LF) is the phase of the project; j (j=1])
is the stage of the phase.

The stages of project phases correspond to the fol-
lowing time intervals:

[t; tiws] (i=11-1),

where ¢; is the beginning, ¢+ is the end of the time in-
terval of the duration of the project phase stage, which
are the milestone events. It is proposed to highlight the
following milestone events during the life cycle of the
project of the eco-logistics system:

to — the beginning of the project, pre-investment phase;

t1 — the beginning of the investment and revitalization
phases, the end of the pre-investment phase;

ty — the beginning of the operational phase, the end
of the investment phase;

t3 — the beginning of the regenerative phase;

t; — the end of the operational phase;

t5 — the end of the regenerative phase;

te — the end of the project, the revitalization phase.

Thus, the life cycle includes a set TT?, of (i= 1;]—1) time
intervals of [t;;¢;+1] periods, the beginning and comple-
tion of which are the milestone events that correspond
to the beginning or completion of the phase (stage) of
the project, characterized by obtaining a certain result.
The life cycle of the project of the eco-logistics system
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includes phases that differ in the number of stages in
their composition (Fig. 2):

— first, pre-investment phase — B}! ;;

— second, investment phase — Iﬁ},z];
— third, operational phase — O, .\, O, u]’

[t2:15]

— fourth, regenerative phase — R}

tyits ]’ [f1 its )

The life cycle of the project of the eco-logistics system
is characterized by time and cost parameters. The main
cost indicators are the flows of funds of the project CF[r ]
(f=LF), (j=1)), (1—11 1), which are generated from
IF[H ; inflows and OFL! 4 outflows of funds, the values
of which differ at dlfferent time intervals and stages of
the project. Consequently, the following sets are formed

— fifth, revitalization phase — V[r Q],V[t} z;]vV[m ,4],‘/[[4,],1/[;“%] for the characteristics of the life cycle of the project of
the eco-logistics system:
Project life cycle ;f the 1set of phases of the project
ifecycle:
Z, f z, t Z, Ls Z v
| ] ] al
- { } | 1 ! > C/ ={P;L,O;RV};
Pre-investment phase, P ‘ | | \ | o
‘h__hl | ! i ! — the set of time intervals of the
T investment pha‘se,l | i | | project lifecycle:
[r0:n] | 4 | |
! Operational phase, O | |
B ‘ > | S | 000 e
} | . | = 5
| oo, on Reepwer it Bets et
| | i | |
| Revitalizeition phase, V | R::u] ; R[f_,ﬁ] | i — the set of stages of the project
[ : : : : lifecycle phases:
51 52 V53 V54 55
2] V[m] [1514] L] L] TR € TR TR GO R
Fig. 2. The life cycle of eco-logistics system project o] ™l feaits]™~ [taita]
i —)pat .pa2 .ystoLys2 WL
[titint] [lx;&]y [M;ls]y [11;12]7 [5213], ’
The stages in the eco-logistics system (ELS) project’s 53 s 15

lifecycle are completed by obtaining an intermediate result —
the product of the phase (stage) of the project, which
belongs to a set of products of the project (Table 3):

R[f[f[ S(F=8F), i(i=57), (i=11-1).
i H»i
Tahle 3
Results of stages in the life cycle of the project of the eco-logistics system
Time Stage of the LC Intermediate result — product
interval | phase of ELS project of the phase (stage) of the project
pre-investment .
[to;t1] phase, P[:l ; ELS documented project, P [":;’1]
investment 1
phase, I?! ELS, ELS[‘ "
[nit]
[tte]
revitalization ELS creation consequence
phase stage, V[f:] revitalization, HV[51 ol
operational phase . . »
stage, 0[3;11] ELS (direct material flow), M o]
[tts]
o regenerative phase ELS consequence revitalization
stage, Vlfz_’] (direct material flow), HV[:EZ-:]
operational phase . . 5
stage, U[z;z'] ELS (direct material flow), DMF[ ]
regenerative phase . ”
[tzt) stage, HE;;»“] ELS (reverse material flaw), HMF[IW]
revitalization phase ELS consequence revitalization (direct
stage, V[fz " and reverse material flows), HV[?SI]
regenerative phase ) @
stage, A* ELS (reverse material flow), HMF[ ]
[taits]
[ta;t5] — I
revitalization phase ELS consequence revitalization
stage, V[f"n] (reverse material flow), HV[{E"n]
revitalization phase ELS project consequence
(ts:tg] stage, V[fs,] revitalization, HV[f‘SI]

[La;u]7 [La;ls], [t53t6]
— the set of results of stages — intermediate products

of the project:

DMF 31

[zTJ

RMF 42

[t 15]

[PD!' ELS!
(]

DMF 3 RMF 4

[taita]’
Vsl SRV RV

lait2]” " e2ts])” T [5sa]”

54 . 55
-R ‘/[t4 its) ? R 1/[735 it6)

Ji —
R[r, :z,ﬂ]

— the set of cash flows generated by intermediate project

products:
C yak C 2 C 31 2]
[tost1 ] [trit2 ] [t25t5 ]
CF32 CF41 .CF42 .
N [t f4] [t3 f4] [tast5] ’
Chn =
tistiv 52 . 53 .
CF, [M] Ch [e230]” ChH [tats]”
54 (55
[tats]” ™ [tsits]

The cash flows C F[,f ... Vary throughout the life cycle
and take positive and negative values depending on the
project stage (Fig. 3).

A distinctive feature of eco-logistics systems projects
is the presence of additional ecologically-oriented phases
of the life cycle: regenerative and revitalization. Adding
these phases to the life cycle introduces some changes
in the formation of cash flows of the project. The num-
ber of phases in which cash inflows are generated due
to the regenerative phase is increasing. In addition, the
number of phases, during which cash outflows are gene-
rated due to the regenerative and revitalization phase,
increases (Table 4).
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Project life cycle cash flow

Operation‘al phase, O
|

Regeneriative phase, R

|
Revitalization phase, V |

‘ >

Fig. 3. Cash flows during the life cycle of the project of the eco-logistics system

Tahle 4 creating products of the phases of the project at certain
Cash flows of stages in the life cycle of the project of the eco-logistics time intervals. Cash flows are calculated according to the
system following formula:
- ELS project Project Value F J tisg
Time Cash
interval LC phasa | phase (stage) inflow cash cash CF[tx i ] = zzc [t ]_ .[ lf dt+.[ Of (1)
stage product inflow outflaw J=1 =
[1EI/'[1] P[Ilul;t,] PH[llul 4] Eﬁflulh] [/n 0]~ =0 []}‘[’1“1[1] <g fiat
” - - . - where J if (t)dt are the 1nﬂows of funds generated during
- T ELS(L, | CFow | B =0 | O, <0 b | [tst] f (1) S
1t the time interval |t;t.[; of (¢)dt are the outflows of
V[tf?zz] A [h?'z] Eﬁn ito] Pif‘llz] =0 Ufff:},z] <0 . : G, .
= oM e o0 | g <0 funds generated during the'time interval [;¢,,].
] (5] [i:5) (o] | Ho) > [eis] < For each time interval of a lifecycle, one can calculate
V2, RV, CR?, | F2, =0 | OF%, <0 the values of cash flows (2) to (7) (Table 5).
o] OMEE, | LR, | 2, >0 | OFF, <0 Tahle 5
Formulae for calculating cash flows in the eco-logistics system project
) | AL BMEY, | CES, | IFS, >0 | OF, <0
Ti . Fi 1
V[ff;,a] HV[Z?,A] E'I:E,fh] Ififjh] =0 UPEZZ!»] <0 inhlarrr'l:al Formula for calculating cash flows niﬁi:
B2, BMFE, | CR%, | % >0 | OF%, <0 : : :
[ta;t5) " " ; " " it | CRy.=CRY, = [of (t)de = [if (£)dt + [of (t)at (2)
V[h;ls] HV[M 5] EF[“ it IF[’4 5] =0 UF[" i) <0 0 0 0
ot |V, s | CEe, | R, =0 | OFE, <0 2
[ts:16] [z,z] [t5:t6] [ts:t6] [ts:15] E[M]—C[f‘if]+EF[“1[]—jE/21(f)df+.!.Ef51(1)df:
(ty; ta] 2 2 (3)

Thus in addition to the set of cash flows of the pro-
ject CF/ (/s.,p the following sets of monetary indicators
are formed:

— the set of cash outflows:

OF! OF21 OF31 :OF%
Ak [tait5]” [ts4])
i 41 42 51 .52 ..
OF .1 =\OF}L OF[ ]OFM Oy
OF%S OF54 .OF55
lats]” " tasts])” [tst6]

— the set of cash inflows:

[Fll IF21 [F?l -[F‘Q .
o]’ [aea]’ " [es]” (]’
fi 41 42 51 L JF52 .
o=\ 1,
F3 -QF% :OF%

[t35t4] [M:ls], [tst6]

When calculating the cash flows received during the
time interval [t;ti+1], (i=0;1—1), it is necessary to take
into consideration the flows of funds generated when

2 2
= [ ()t + [ o> (t)de + [ 5 (t)de + [ of (1)t
1 1 1 1

3
LR, =CF, +CF%, = j of ¥ (t)dt + [ cf* (1) dt =
lits) |, , s : (4)

= [ (t)de + [ (t)de + [ % (¢)de + [ of (t)dt

CF, , =CF#®

in) = L + O

4
o+ OF, = [ o (f)dt +
4 4 4 ‘ 4
[ts; 4] +_[cf“ (t)dt + fcf“ (1)t = fiF? () + juf32 (Hdr+ | ()

jaf“ dt+juf“ dt+j1153 di+ja153
3 3

5 5
LR, =CF2, +CE%, = [cf*(t)dt + [ ef* (t)d
tits] |, . ) ) ()

= [ ()t + [ af* (t)dt +j1154 (t)dt + jaf‘54 (t)at

6 B 3]
lts;t6] | CF, = CE, = [cf® (t)dt = [ i ()de + [of (t)dt | (7)
5 5

5
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The total flows of funds during the life cycle of the
project of the eco-logistics system are calculated accord-
ing to the following formula:

I-1

cn;Ziic[M ]_jzf dt+jof (8)

i=0 /=1 j=1

~.

where _[ if (t)de are the inflows of funds generated during

the life"cycle of the project; jof(t)dl is the outflows

i

of funds generated during the life cycle of the project.

Cash outflows accept values that do not equal zero,
during all time intervals of the project. Unlike them, inflows
of funds are generated only during the operational and
regenerative phases of the project. In this case, the total
value of the cash flow, which is scheduled to be received
during the project, is determined as the amount of inflows
and outflows of funds at certain time intervals of the pro-
ject: it is calculated according to the following formula:

CFplan II:L%{an+OFplan’ (9)
where IF and OFZ™ are the planned values of inflows
and outflows of funds respectively, IF2 >0 and OF/ <0.

The planned values of monetary indicators of the life
cycle of the project of the eco-logistics system are calcu-
lated according to the formulae (10), (11):

— the inflows of funds:

Fﬂl""—jzf dtj dt+jzf dz+jzf 6 (10)
~ the outflows of funds:

OEPC’“"=Tof(t)dt jof dt+jof ¢)di +
+Tof(t)dt+lj.of(t)dt+fof(t)dt+fof(t)dt (11)

The duration of stages and phases of the project life cycle
may vary under the influence of internal and external factors.
There are two possible approaches to modeling the duration
of the life cycle of the project of the eco-logistics system:

1. The duration of the project lifecycle may vary; the
expiration date of the project is not strictly defined. Then
changes in the duration of individual phases would affect
the actual total lifecycle duration of the project T/

2. The duration of the life cycle T/ is determined;
the project must be completed within a strictly defined
period. In this case, in case of changes in the duration
of the previous phase, the duration of the next phase or
subsequent phases should change to preserve the total
life cycle of the project (Table 6).

Tahle 6

Variants of the life cycle of the project of the eco-logistics system

Characteristic’s status

Project time characteristics

Variant 1 Variant 2

Project completion planned term, T2 T # const T/ = const

Project completion actual term, T/ Tft # The" Tfet = Tp

Depending on the choice of the variant of managing
the duration of the project, the monetary parameters of
the project are determined (Fig. 4).

tz ti+l ti+l
R CO I :
|—>| |
1 ! CF 1
1 1 [f,u Ll 1
i)

a
t,‘ t;+] t;+1 Z‘zj+1
: CF{E;M] : I :
———— 1
: : CF'[’M it +1] |
: LGl

1 ti +1 ;’14 1

! L il
1 [1 IHJ 1 1

b

Fig. 4. Cash flows under different variants of the life cycle duration of the
project of the eco-logistics system: a — broadly defined; b — strictly defined

Variant 1. The duration of the life cycle of the project
of the eco-logistics system is broadly defined.

In case of situational changes in the duration of the
scheduled time interval [¢;¢;+1] of the project to the actual
[£;;th.1], the changes would occur in the value of cash flows
generated during the project stages CF ., and time inter-
vals CF, . (Fig. 4). In the time 1nterval [t;;t!.] the cash
1nﬂows IF gland outflows OF, are generated, which

[tiritha]

create the ad itional unplanned cash flow CE,. .., that
is calculated according to the following formula:
F J ti tiy
Cl:[hﬂ?f[ﬂ] =22C [tiastin] — J‘ lf dt+_[ Of ’ (12)

~
Iy
1

J

ti

where J. if (t)dt are the 1nﬂ0ws of cash generated during

the timé interval [t:¢04]; J of (t)d¢ is the outflows of

cash generated during the time interval [¢;t]].

If the deadline for the previous interval [¢;;+1] changes
to [ti;t,-’H] due to situational changes, the start time of
the next interval changes to [¢/;¢7]-

The total amount of funds throughout the life cycle
of the project of the eco-logistics system is calculated
according to the following formula:

iic[t,ﬂ]_jzf dt+jof t,

i=0 f=1 j=1

-1
Jfact __
FLC

(13)

tig
where J' if (t)d¢ are the inflows of funds generated during
iy

the life“cycle of the project; jof(t)dt is the outflows

"
of funds generated during the life cycle of the project.

Variant 2. The duration of the life cycle of the project
of the eco-logistics system is strictly defined.

It is required to solve the task of stabilizing the duration
of the project lifecycle by taking measures to compensate
for changes in the duration of the life cycle stages, which
in turn affects the change in the duration of time inter-
vals that correspond to these stages. Certain funds are
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required to implement measures to return the duration
of the scheduled time interval [t;t;+1] from the actual
[t;;t}.4] to the adjusted [¢;¢7;]. The amount of money is
determined by the amount of money spent on adjusting
the duration of each stage of the project, the duration
of which changes over the time interval [¢;¢/,4], which
is given by the following formula:

tihy

J
ZC [ti Tm] J‘Of(t)dt

j=1 tin

(OT
[f foastfin]

(14)

Mm

~
Iy

tfy

where Iof t)dt is the cash outflows required to adjust

the tlme interval [t;th] to [tustiy].

The effect of situational changes in the time inter-
val [titi11] to [tu;thi] [titi+1] and compensatory changes
[ti3t0] to [tustl] on cash flows is calculated according
to the following formula:

tiy

(Fﬁh—fd dquf &+Id

tisg

—jq dquf &+j¢ ¢)de+

tf tfy

+ [ of (t)de— [ of (¢)de (15)

where ¢; is the beginning of the scheduled time inter-
val [t;tie1]; ti+1 is the end of the scheduled time inter-
val [t;ti+1]; ¢} is the end of time intervals [¢;¢7;] and
[t:;¢}] after situational changes; ¢, is the end of time
intervals [t,-;t,-'@] and [t,-“;t,-’jl] after compensatory changes.

In case of changes at the end of the previous inter-
val [¢iti+1] after compensatory changes to [t,;t{;], the start
time of the next interval changes to [¢/;¢7].

The total amount of funds throughout the life cycle
of the project of the eco-logistics system is calculated
according to the following formula:

I-

F ]
ZZCUM—IJ a+jq ¢,

i=0 f=1 j=1

(16)

~.

t

o
where J if (t)dt are the mﬂows of funds generated during

the hfe ‘cycle of the project; J.of( )d¢ is the outflows

of funds generated during the life cycle of the project.

7. SWOT analysis of research results

Strengths. The strengths of this study relate to the
possibility to take into consideration the eco-destructive
impact of logistics activities on the environment due to the
change in the structure and duration of the life cycle of
the project of the eco-logistics system. The phases charac-
teristic of the classical idea of the life cycle of a project,
specifically the pre-investment, investment, and operational
ones, are supplemented with the environmentally-oriented
regenerative and revitalization phases.

Weaknesses. The weak side of this study is a failure
to account for, when modeling cash flows of the project

of the eco-logistics system, the depreciation of cash over
time. Obtaining a revitalization phase product can be long
in time, so the cash needed to get it may be underesti-
mated to date. Disregarding this fact can lead to a false
assessment of the effectiveness of the project.
Opportunities. In further research, the promising di-
rection is to identify analytical dependences between the
duration of the life cycle stages and the cash flows received.
Threats. 1t should be noted that the application of
the proposed mechanism of cash flow modeling does not
relieve the project from the risks caused by changes in the
planned values of the duration of individual stages, time
intervals of the life cycle. Significant changes in project
time parameters can lead to excessive costs or non-receipt
of funds. Thus, despite the possibility of using the com-
pensatory mechanism, it is necessary to constantly monitor
the time and diverse monetary parameters of the project.

1. The patterns in the life cycle of the project of the
eco-logistics system, which differs from the classical idea
of the life cycle of a project by the presence of eco-
logically-oriented phases, have been defined. It consists
of pre-investment, investment, operational, regenerative
and revitalization phases, interconnected by the created
consecutive and overlapping links.

2. The mechanism of influence on the time param-
eters of the life cycle of the project of the eco-logistics
system, which includes separate stages, phases, time inter-
vals, was developed. Time parameters may vary under the
situational influence of the internal environment and the
external environment of the project. Two possible variants
for determining the duration of the project life cycle have
been investigated, depending on which the mechanism of
formation of time parameters is developed. The mechanism
involves the situational and compensatory changes in the
time parameters of the project.

3. The modeling of cash flows during the life cycle of
the project of the eco-logistics system, the value of which
is influenced by the change in time characteristics, has
been performed. For each of the variants, the cash flows
for stages, time intervals, and the entire life cycle of the
project have been determined.
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