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IMPACT ASSESSMENT OF LINER SCHEDULE DISRUPTION ON FLEET EFFICIENCY
BASED ON TIME CHARTER EQUIVALENT

The article discusses the problem of liner schedule disruption (LSD) and its impact on the economic efficiency of shipping
companies. It has been determined that failure to comply with container ship schedules leads to direct economic losses, which
are reflected in a decrease in the time charter equivalent (TCE) indicator, which is a universal indicator of the profitability of ship
operation regardless of the form of chartering. It is shown that schedule disruptions have a double negative effect: on the one
hand, a decrease in efficiency due to an increase in voyage time, and on the other hand, a deterioration in the carrier's image,
which in the long term reduces demand and market share.

The paper proposes a mathematical model for quantitative assessment of losses from delays in port and during the
voyage. Analytical dependencies allow determining the decrease in TCE due to an increase in downtime in ports and the time a
vessel spends in sea transit. The calculations showed that delays during ship movement are 2-3 times more costly than delays of
equivalent duration in port, due to high bunker fuel costs and the need to recover the schedule by increasing speed.

The assessment methodology developed by the author allows analyzing the economic consequences of schedule non-
compliance for both individual voyages and the entire line or fleet of the company as a whole. It takes into account the difference
in the size of vessels and their contribution to the total volume of transportation, which ensures the adequacy of the assessment
in strategic planning. The results obtained are of practical importance for optimizing management decisions in the field of liner
shipping, in particular for improving the reliability of schedules, minimizing operational risks, and reducing financial losses.

Thus, the proposed approach transforms the abstract problem of schedule disruption into a specific financial indicator
that can be used as a tool for monitoring performance and making decisions in real time, as well as for long-term strategic
planning of container transport development.

Key words: liner shipping, container, Time Charter Equivalent, schedule, delay, risk, disruption.

Hpoacscun O. JI., Onuwienko C. I1. Ouyinka énnugy nopyuieHHsa po3xaady pyxy JHIHUX cyOen Ha efheKmugnicms
¢romy na ocnosi maiim-uapmepnozo exgisanennty

Y cmammi posenanymo npobnemy nopyuienns posxiady pecyniaprux piHiuHux nepegesend (Liner Schedule Disruption,
LSD) ma ii énnus na exoHomiuHy eghexmusHicmy 6upoOHUUOT OILIbHOCME CYOHONLAGHUX KOMNAHKIlL. BusHnaueno, wo nedompu-
MauHa 2pacixie pyxy KoHmeuHepHux cyoeH npuzgooums 00 HPAMUX eKOHOMIUHUX 8Mpam, SKI MO CYmb Oymu supadiceni yepes
3HUdICEHHs. nokasuuka time charter equivalent (TCE), i posensidaemocs upasHuKom eKoHoMiuHol eghekmugHochi 6i0 ekcniya-
mayii cyoeH He3anexcHo 6i0 ghopmu Qpaxmysanna. B pobomi 3a3naueno, wo 3001 y po3kiadi Maomos nOOSIHUL He2amUSHUlL
ehexm: 3 00H020 DOKY — 3MEHUWIEHHS e(heKMUBHOCHI, 3 THUI020 — IMIOJICe8 BMPamu NEPeGisHUKA, W0 BIIUBAE SHUNCCHHAM
nonunty 3 00Ky 6aHMANCOBNACHUKIB, NPe0Cmagiena poboma npucesuena suguerHH0 minvku nepuioi epynu empam. byno sanpo-
NOHOBAHO MAMEMAMUYHY MOOeTb O KiTbKICHOT OYiHKYU 6mpam 6i0 3ampumox nio uac cmosHKkosoi i Xxo0060i onepayii. Anani-
MUYHI 3a1eXHCHOCMI 0036801510Mb 6cmanosumu pieni suudicerns TCE ynacniook 36iibuienHs uacy npocmoio nio uac nepedysamHsi
cyOeH 6 nopmax ma U Ha nepexodax misxc nopmamit. [Ipogedeni po3paxyHKu nOKa3an, Wo 3ampumKy nio uac x0006oi onepayii
€y 2-3 pazu Oinvuiumu, Hixc eKGIBALEHNMHI 30 MPUBATICIIO 3ampuMKu y nopmy. Memoouka oyinku, po3pooiena asmopamu,
003607151€ 30TUCHIOBAMU AHANI3 eKOHOMIYHUX HACHIOKIG HEOOMPUMAHHS PO3KIAOY K 05l OKPEMO2o pelicy, max i 0s ecici ainii
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yu hnomy Komnawii 8 yinomy. Bona apaxosye pisnuyio y posmipax cyoen ma ix 6Hecox y 3a2anvHull 00cse nepesesetn, o 3abes-
neuye adexeamHicmy OYiHKU npu cmpameiunomy nianysanui. Ompumani pe3ytomamu Maioms RPAKMUYHY 3HAUYWICIb 05
onmuMizayii ynpaeniHcoKux piuiens y chepi NinitiHo2o cyOHONIA6cmaa, 30Kpema Ons niosuwerHsa Haoilinocmi epaghiie, MiHimi-
3ayii onepayitinux pusuKie Ma IMeHeH s QIHAHCOBUX empam.

Taxum uunom, 3anponoHosanuii nioxio nepemeopioc a6CMpaKmuy npobiemy NOpYuleHHs Po3KIA0y HA KOHKpemHuil
inarncosuii NOKA3HUK, WO MOdice OYMU GUKOPUCIANUIL SK THCIMPYMEHIN MOHIMOPUHZY eeKMUBHOCII ma NPUIHAMMS piuieHs y
DeanbHOMY Haci, a MaKodic 071 00820CHPOKOB020 CINPAME2IUH020 NIAHYBAHHS PO3GUMKY KOHMEUHEPHUX Nepese3eHb.

Kimo4oBi cnoBa: zinitine cyoHonaascmeo, KonmelHep, maiiM-4apmepHull exgigaienm, po3Kido, 3ampumkd, puslk,
NOPYUIeHHS.

Introduction. Risks are an integral part of the shipping business, covering both the technological aspects of
maritime transport and commercial aspects. A distinctive feature of the liner shipping (LS) sector is that the source
of significant costs (both for the LS- company and for the cargo owner) is non-performance, deviation, or disrup-
tion of the schedule. Like all types of commercial risks, the consequences of non-performance of the schedule are
economic losses, which consist of two components. First of all, the consequences of failure to comply with the
schedule, caused by delays in ports or on the route between ports, which usually leads to an increase in transit time,
i.e., the voyage time for ships operating on the line, are a decrease in economic efficiency, i.e., the time charter
equivalent. Second, failure to comply with the schedule negatively affects the image of the carrier company, which
gradually leads to a decrease in demand in favor of competing companies. This, in turn, reduces the company's
transport volumes and market share, which in monetary terms also results in certain economic losses. While these
losses can only be assessed by experts by comparing the company's competitiveness with its competitors in the more
or less long term, the first component of the economic consequences of schedule non-compliance can be assessed
on the basis of information on voyage delays.

The significance of the problem of schedule disruptions is the focus of attention for many scientists: since a
container ship operates from one port to another across the globe, a disruption by these unexpected events can cause
delay, deviation, stoppage, or loss of service platform [1], considering the problem on four levels: delay, deviation,
stoppage, and loss of platform service. The seriousness of the requirement to adhere to the schedule is explained
by the so-called “knock-on effect” [7], which is related to the fact that a delay that occurred at the previous port of
call can also cause delays at subsequent ports of call. Considering that LS is part of a broader system, intermodal
delivery, it can be argued that the delay goes beyond the “sea leg” and spreads throughout the supply chain.

In scientific literature, risks that can affect the cost level of a liner operator can be described in different ways.
Management articles refer to them as “business risk ““ or “business environment-based risk” a multidisciplinary set
of economic, political, social, natural, and other risks. Based on the environment of origin, the authors distinguish
between macro and micro levels.

Literature review. The authors consider delays in LS and schedule disruptions to be sources of the following
risks: financial risks [1]; risks of losing customers [3]; article [4] discusses congestion risk associated with disrup-
tions to liner schedules in the context of the pandemic; in [5], “emission risks” are considered as a consequence of
disruptions to container ship schedules; the article is devoted to LS [6] classifies “Transportation Delays” as “Risk
Associated with Physical Flows,” highlighting the following causes: “industrial action, port congestion, terminal pro-
ductivity, weather conditions, empty container management, container shortages, planning and scheduling problems,
customs inefficiency, oil (and bunkers) prices, pandemics.” In [7], schedule unreliability in LS is considered a cause
of “risk of a stock-out.” T. Nottebom sees delays as a cause of negative impact on logistics costs and reputation [8].

The faults that can lead to delays in LS can be of various levels. Undoubtedly, incorrect assessment of supply
and demand for transportation in the trade region [16, 18], assessment of the level of competition, the size of ships
in the fleet [10, 15, 17], connection of the line to the service network [11, 12], and the level of service provided by
the line [13, 14] are among the most common [16, 18], assessment of the level of competition, the size of ships on
the line, fleet composition [10, 15, 17], connection of the line to the service network [11, 12. 13, 17, 18] are planning
issues and lie at the strategic level [9]. Some scholars refer to shipping route design as a strategic decision-making
level [19, 14].

The development of the schedule itself is considered a tactical task, while the problem of restoring the sched-
ule is solved by regulation and lies at the operational level of decision-making [21].

Figure 1, compiled on the basis of a literature review, illustrates how complex and multifaceted the problem of
schedule disruption is in terms of its impact on business. The purpose of this article is to develop an LSD assessment
tool that is acceptable for fleets operating under various forms of chartering.

The purpose of the article. To assess the economic impact of delays, we propose using Time Charter Equiva-
lent (TCE) as a generalized indicator used in the maritime economy to measure the profitability of vessel operation,
regardless of the form of chartering. In LS, various forms of vessel chartering are used: voyage charter, time charter,
spot agreements, etc. TCE allows these different forms to be reduced to a single measure that reflects the “equiva-
lent rental rate for a given period” and facilitates comparison of the impact of schedule disruptions for all forms of
chartered vessels involved in the liner network.
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Fig. 1. LSD-problem: Risk Source-Event-Consequence (by the literature analysis basis)

It is evident that the issue of schedule disruption (LSD) can lead to significant reputational risks, threatening
a loss of demand and even the closure of the regional service network. This article focuses solely on assessing the
costs incurred by linear operators.

Mathematical LSD-problem representation. Therefore, the economic losses of the shipping company can
be described mathematically as follows. Let us introduce the following symbols:

i= I,_n — lines of the company under consideration, n — total number of lines;

s = 1,_i— ships of the company operating on the i-line S, — total number of ships of the company on this line;
k=1,K! —voyage of vessel s on line i,

K! — the number of voyages of vessel s on line i within the period under consideration (e.g., a year);

Tfk — actual transit time for vessel s on line i;

T'* — scheduled transit time for vessel s on line i.
Transit time consists of two components: the time the vessel spends in the ports of the line and the vessel's
underway time 7”-"* (transit between the ports of the line) 7" :

T;ik — T;PJ]" +Tvm71k . (1)

T"-* is formed from the time the vessel spends in the ports of the line. If we take /=1,L,,i = 1,n — the index
of ports on line i, L, — the total number of ports of call on the line, then:

Ll
T;pfik — Z]';pjk/ , (2)
=1

T"-™ is the ship's layover time in port 1. We will also introduce indicators that reflect the planned total layo-
ver time of the ship in ports, the ship's layover time in each port of the line, and the ship's sailing time on the line,
respectively, T 7, T. 7", """,

The basic indicator for assessing the efficiency of ships is the time charter equivalent, which allows not only
to draw conclusions about efficiency, but also to compare different options for operating ships.

The general expression of the time charter equivalent for a specific vessel on a specific line is as follows:

port can bunk
Rsik +Rsik +Rsik ) i

ik
TCE" =— ( = i=Lns=1S,k=1K, (3)

F* —freight (income) for vessel s on line i, R%”" port expenses, R%",R™" costs of passing through channels/

straits and bunker expenses.
It should be noted that, on the one hand, can be considered as conditionally constant and independent of time.
Even with an increase in the time spent in port, these costs remain almost unchanged. In some cases, may increase
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due to certain port charges R/} that depend on the time the ship spends in port. For example, in Ukrainian ports, the
sanitary fee is divided into two categories: “up to 10 days of stay” and “more than 10 days of stay,” with a difference
of about 60 %. Therefore, when summarizing the impact of schedule non-compliance on efficiency, the possible

dependence R’ on the time of stay should be taken into account in some cases:

L: - - _
Ry =Ry (T7),i=1n,s =18, k=1K @)
I=1

s

php T port fees and charges.
Bunker costs are determined by the underway time and layover time, taking into account the relevant fuel

consumption standards:

Ry (T )+va"" + RO (T T ))’Z_ TSk "
Tsl’,k + T;’"lk

TCE! (1.1 )=

the 2" """ respectively, are the fuel consumption standards for the vessel's time underway and vessel’s
time in port.

Thus, summarizing the above regarding the dependence of individual components of the time charter equiv-
alent on the time of the components of the voyage and the voyage as a whole, we obtain the following expression:

ort ik can bunk ik my,
TCES""(TS”,TS’""):FS (R (T ) R+ R (T, )),izl,n,s:l,s.,kzﬁ (6)

TSI’M 4 ]’;'",A !

Therefore, changes in the TCE under the influence of changes in transit time and compared to the base are
estimated as follows:

Fl (R (17 )+ Ry + R (17,10 ))

s s s
*Dik iy
™ +T™

ATCE} (T, )= TCE* ~TCE(T" ,T" ) =

R (R (1)« Ry R (T T"“)),,-:l,n,s=1,s,-,k=

s
Pik Mg
T +T,

i
N

™)

In expression (7) Tt CE:ik — is the planned efficiency of the vessel's operation on the line, taking into account
the accepted work schedule. If the vessel did not adhere to the schedule on a given voyage, i.e., there were delays in
ports or during transit between ports, then: ATCE" (T P T ) >0.

If the schedule is met, then ATCE * T o I ’k) =0. It should be noted that a situation is theoretically pos-
sible where ATCE™ ST v ’k) <0, which means that the ship also did not meet the schedule, but the flight time
was less than planne However, as a rule, this situation is purely theoretical, practically ATCE G (T A ) >0.

One more comment on (7) and (8): determining the economic consequences of not adherlng to the schedule on
a particular voyage involves taking into account only changes in the voyage's time parameters 7", 7"~ ; the other
components of (7) are considered constant. Therefore, (7) reflects a decrease in efficiency only due to exceeding the
flight time. In fact, there is a possibility that the freight amount will be different due to the cancellation of a certain
number of containers or, conversely, the presence of additional “last minute” shipments. In any case, only changes
in time are taken into account. This allows us to analyze the impact of the “time” factor.

Empirical estimates for the liner vessel. Figure 2 shows, for example, a vessel operating on a route with a
transit time of 30 days, the dynamics of the time charter equivalent depending on the increase in voyage time sepa-
rately from the increase in underway time time (+7,, ) and vessel time in port +7, .

Exploratory calculations were performed for a container shipping line on the route Suez — Jeddah — Colombo-
Singapore — Shanghai (planned TT 30 days and TT 40 days).

It should be noted that these dependencies do not take into account changes in ship speed and corresponding
changes in fuel consumption, but they allow us to see in general terms that an increase in voyage time significantly
affects efficiency, with the impact of the underway component being significantly higher due to the cost of bun-
kering.

It should be noted that for this example and a transit time of 30 days, an increase in layover time by 0.5 days
leads to a decrease in the time charter equivalent by an average of 3%, but an increase in sailing time by 0.5 days
leads to a decrease in efficiency by 7 %-10 %.

Figure 3 for the same example of initial data shows the theoretical dependence of the time charter equivalent
on both the underway time and the vessel's time in port, which allows us to trace the decrease in the time charter
equivalent under the influence of the components of transit time simultaneously.
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Fig. 3. Dependence of the TCE (USD/day) on underway time (days) and vessel’s time in port (days)
for a base TT 30 days

Similar calculations were performed for a transit time of 40 days, taking into account the corresponding
changes in the sum of freight, port, and other costs.

Figures 4 and 5 indicate the dependence of the TCE on the increase in transit time and its two components. It
should be noted that for longer TT, an increase in its components by 0.5 days leads to smaller changes in efficiency —
4-6 % for underway time and 1.5-1.8 % for time in port.
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Fig. 4. Dependence of the TCE (USD/day) on the increase in TT (days) for a planned base TT of 40 days
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Therefore, an increase in transit time of up to 10% can lead to a 20% or even greater reduction in the time
charter equivalent.

Assessment of the LSD impact on fleet efficiency over the planned period. All of the above was based on
a single voyage and a cernain vessel, but if we consider the results of a vessel's operation on a route over a certain
period of time (a year, for example), the average efficiency of the vessel can be expressed as follows:

ZkK;l(F;'ik _ (;iﬂ +-kR;‘;{" + Rfiznk )) Ji= 1,_”,5 =1S. ()
s

T* =T + T""* —is the time of the k-voyage of the s-vessel on line i.

TCE' =

Fig. 5. Dependence of the TCE (USD/day) on underway time (days) and vessel time in port (days)
for a planned TT 40 days

Therefore, by analogy with (7), the reduction in efficiency for a ship on a route over a certain period of time
is estimated as:

K. : ik port can bunk
) zk:l(];; _(ink +R.vik +Rsik )) .

ATCE! (7;”—”‘,7}’”—”‘| ):TCE;“" —TCE;'(TXP—”‘,T;"—”‘| — = i=1ns=1S.(9)
s ik m_ik
(T 1)

k=1K! k=1K!

Average efficiency of all vessels operating on the line:

S; K! i ort can un)
PRI L —S(R»f?; R Ri)) i=Ln. (10)
DI I

It should be noted that if the vessels on the line differ significantly in size (container capacity), then for “aver-
aging” it is necessary to take into account the share of the container capacity of the vessels in the total container
capacity of the fleet operating on the line, therefore (10) is transformed as follows:

N ) | "
ZkK;lj—;ik
S,

C. — container capacity of the vessel, ZC,. — total container capacity of vessels operating on the line:

s=1

TCE' =

S; S;
TCE' =Y\, -TCE. =Y\,
s=1 s=1

A =—— 5=18. (12)

N S;
E C.
s=1 !

This approach allows for the unequal impact of each vessel on the average efficiency of vessels on the line.
Therefore, the average decrease in efficiency due to increased voyage time and failure to meet the schedule is
determined as follows:
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Sl —
ATCE' =Y. -ATCE,,i=1,n. (13)
s=1
This indicator characterizes the average decrease in the efficiency of ships on the line over a certain period of
time, where ATCE! — changes in the average efficiency of each ship on the line located at the base (9).
Taking into account the “daily” nature of the time charter equivalent, in absolute terms, the economic losses
in efficiency amount to:
— for a specific voyage of a specific vessel on a route:

AE) = ATCE} (T, 1) T = ATCE! (T, 1 ) (T4 + 1 )i =Ln,s =15, k=LK, (14)

— for a specific vessel on a route during a specific period of time:
K -
AE = ATCE (TS”" T |k:@) : ;(7;” o) i=Lms =15, (15)
— for all vessels operating on the line:
AE'=ATCE' -T'=i=1n (16)

T' — the period of time under consideration.

For example, in the case considered above, if the base flight time is 30 days, and if the durations of the five
flights were 30, 30.5, 31, 31.5, and 32 days, respectively, then the average decrease in efficiency is AT CE; =2502
USD/day, and the total decrease in efficiency for this period is AEﬁk =387844 USD/day.

Furthermore, if we consider the company's fleet as a whole, which operates on all routes, the total efficiency
losses for the period 7" are:

AE=AE'=Y"(ATCE'-T')=T"y ATCE' (17)
i=1 i=1

i=1

It should be noted that the consequences of increased voyage time have different significance for vessels of
different sizes, taking into account the length of the route. Therefore, it is important to determine the share of a
particular vessel and a particular route in the total economic losses (16-17). The following indicators can be used
for this purpose:

i

AE — —
I’A“E:Eﬁ’,i: 5 =15, (18)
. AE' —

];E:E,izl,n, (19)

where 0 <1}, <1 —is the share of vessel s in the total losses on line i, 0 </, <1 is the share of line i in the
total losses of the carrier company. These indicators supplement the information for analysis that can be obtained on
the basis of (14)-(17) for a more complete description of the situation.

Figure 6 shows a diagram that summarizes the view of the formation of economic losses of ships on the line
due to failure to comply with the schedule. Thus, the diagram shows the chain of formation of absolute indicators
of economic losses AE for each ship and line.

Results and discussions. The developed TCE framework methodology is capable not only of quantitatively
determining the economic losses of a liner operator from LSD, but also, critically, provides the necessary detail,
distinguishing between the economic impact of delays and deviations from announced schedules while docked in
port and underway. The conclusion that delays during vessel movement ( 7, ) are two to three times more expensive
than equivalent delays in port (T, ) is key to operational strategy and should be taken into account in the context of
specific issues.

The established sensitivity ratio between delays at sea and in port confirms the need for a detailed approach to
managing schedule-related risks. This differentiated impact arises primarily from the fuel consumption component,
which is exacerbated by the International Maritime Organization (IMO) decarbonization program. The pressure to
improve energy efficiency means that any unplanned time recovery requires high-speed steaming, which directly
contradicts emissions targets and incurs significant, often unplanned, bunkering costs. This conclusion is strongly
supported by the analysis of Meng et al. (2023) [5], who highlight the complex trade-offs between schedule relia-
bility, bunker consumption, and necessary speed adjustments under the Carbon Intensity Indicator (CII). Our results
provide a concrete financial multiplier that justifies why minimizing unexpected speed adjustments is economically
preferable to enduring minor port congestion.
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Fig. 6. Formation of economic losses of ships in a linear chain due to failure to comply with the schedule

The quantified severity of economic losses is consistent with recent studies that highlight the high systemic
cost of unreliability. The most analysed articles on LSD-problem emphasize the broad systemic nature of the risk
of schedule disruption, and our concept transforms this abstract risk into a concrete, measurable financial indicator.
By providing daily losses, the model transforms the LSD problem from operational inefficiency to direct financial
liability. This diagnostic tool promotes the idea of ensuring supply chain resilience by enabling real-time decisions
based on whether the cost of restoring the schedule exceeds the projected losses in TCE.

Furthermore, the aggregated loss metric is instrumental in advancing strategic fleet planning. Traditional
models for network design often rely on generalized or historical cost averages. The high-resolution operational
cost data generated by the TCE framework can refine strategic planning exercises, providing more realistic inputs
for optimal fleet deployment and network configuration. The consistent application of this TCE-based methodology,
therefore, enables LS companies to move beyond simply acknowledging schedule unreliability to actively attribut-
ing and monetizing the financial compromises across their entire operational portfolio, ensuring strategic decisions
are grounded in real-world economic impacts.

Conclusion. The difference between the planned time charter equivalent and the actual time charter equiva-
lent forms changes in the time charter equivalent, which justifies changes in efficiency over a certain period of time,
which, in general, for all lines and vessels, forms an integral indicator of economic losses.

Thus, failure to comply with the line schedule in the context of delays, which is associated with a variety of
factors, leads to a decrease in the efficiency of the vessel, as measured by the time charter equivalent. In this situ-
ation, the resource of vessels — their carrying capacity over a certain period of time — decreases, which leads to a
decrease in daily and overall efficiency. Monitoring changes in efficiency is the basis for taking appropriate organi-
zational measures to ensure the necessary (planned) level of efficiency.
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