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Abstract: A container terminal is a facility used to collect containers from the hinterland and ports
for distribution to the end destination. Based on these essential functions, container terminals often
reflect the economic conditions in a country. Many studies have recently examined the use of business
impact analysis (BIA) when disruption happens at a container terminal. In sustainability and business
impact research, the economy is one of the prioritized aspects of impact analysis. The impact related
to the economic aspect is generally caused by disruptions resulting from natural disasters, pandemics,
and human activities (terrorists, labor issues, and lockouts). Until this article was conducted, there
was still little literature explaining the business impact analysis procedures with case studies of
disruptions in container terminals related to operational constraints. This paper aims to provide a
perspective in deepening and adapting the BIA procedure initially general into an analysis that can
be applied to the container terminal business. This paper takes a case study of BIA in a container
terminal caused by electrical disruption. Based on the research, six categories of disruption became
a concern when the port’s electricity supply stopped, i.e., decreased productivity, economic loss,
reduced employee productivity, decreased numbers of customers, a decline in company reputation,
and wasted energy.

Keywords: business impact analysis; business continuity management; container terminal; risk
assessment; maritime sector; electrical disruption

1. Introduction

In practice, the maritime sector’s risk and continuity assessment process, especially
container terminal services, requires in-depth analysis [1]. The analytic complexity is due
to the relationship between the container terminal business process and its operational side.
Henesey (2003) states that container terminals are viewed as complex systems with many
interrelated elements and uncertainties.

Resilience is an element that has a close relationship in analyzing business risks and
impacts on a container terminal [2]. The existence of resilience is due to the fact that
disruption to the container terminal can severely impact the profits and reputation of the
container terminal service provider and hamper the distribution process from the ship to
the end destination. Disruption events at the container terminal are events that cannot be
predicted with certainty. Several conditions can cause a container terminal to not operate
as usual, such as natural disasters, technical problems, human error, and the combination
of several states. Therefore, the disruption in the container terminal is a type of uncertainty
condition [3]. With these two elements in the container terminal business, to maintain and
plan for business continuity, the risk analysis process should also be complemented by a
business impact analysis so that business continuity planning can be specific, measurable,
achievable, and relevant.

Containers have become an essential part of shipping in the world of international sea
transportation [4]. The increasing number of container terminals will create a competition
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space for every business in this industry. Their growing use encourages efficiency, effec-
tiveness, and the application of the latest technology so that services can be more optimal,
reduce costs to the greatest degree possible, and ensure continuity of service. Disruption
management-based operation planning is essential to optimize container services at the
container terminal [5]. Transportation disruption could cause economic losses due to the
cessation of the supply chain system [6].

The electrical system is one of the essential aspects of container terminals because all
activities carried out in the container terminal need to be supported by electrical power [7].
In addition to ensuring that every part of electrical equipment has a good quality, it is
also necessary to ensure the continuity of the power distribution system to the container
terminal. According to Ghiasi (2019), minimizing electrical system failures can increase
reliability, and thus, optimize operations [8]. Mai’s research supports this position (2018);
in general, heavy industry relies on electricity to carry out its activities, and therefore, the
electrical system is one of its principal parts [9].

To measure how an electrical disruption impacts the Container Terminal business, a
methodology is needed to analyze the disruption as an impact on a certain scale. With a
measure on a certain scale, the impact can be justified in terms of whether it is on a low
scale or on a large scale that can disrupt the running of the business. The methodology
currently under development for the analysis of impacts is known as business impact
analysis, which is also part of the business continuity management system, and is included
in the ISO 22301:2019 and ISO 22317:2015 standards. Through the ISO standard, business
impact analysis is explained in general regarding how the analysis is carried out, starting
from defining the type and impact criteria to determine the organization’s dependencies
on these impacts. To run a business impact analysis in the maritime sector, especially in
container terminals, business impact analysis materials need to be deepened and adapted
to the business characteristics. These characteristics include work patterns, activity outputs,
targets to be achieved, operational procedures, and the unique relationship of the machinery
and equipment used in the industry with terminal performance.

This study explored how a disruption can be analyzed using a business impact analysis
(BIA) approach. The disruption used as an example in this study is a BIA approach adopted
due to electrical disruption in a container terminal. Electrical disruption is considered a
disruption that can stop container loading and unloading service activities at the port.

2. Literature Review

Business impact analysis (BIA) is a tool for impact analysis at the management level.
An organization assesses the impact of quantitative and qualitative losses if the organization
experiences a business continuity emergency, incident, or crisis [10]. The results of the
BIA are used to make a decision related to business continuity management strategies and
solutions [11,12]. The relationship between BIA, organizational goals, BCM strategy, and
risk assessment is shown in Figure 1.
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Figure 1. Relationship between BIA with the Organization’s goal, BCM, and Risk Analysis [13].

Research on business impact analysis, with seaports as a case study, has been carried
out by several researchers. Chang (2000) wrote about the impact analysis of Kobe Port
following the 1995 earthquake. This study was exploratory, explaining some of the impacts
experienced by Kobe Port, as well as the recovery processes initiated afterwards, such
as the economic impact and domestic cargo traffic activities, and the impact of overseas
containers (transshipment) [14].

In 2002, the same writer, Chang, in collaboration with Falit-Baiamonte, again wrote
about the impact of natural disasters, namely the earthquake in Nisqually. This study
focuses on several business sectors, buildings, and employees in the area [15]. In the same
year, 2002, Cohen conducted a study on the impacts of the West Coast Dock Shut Down. As
a result of this lockdown, cargo ships could not dock. Several sectors of the manufacturing,
retail, and agricultural industries experienced a slowdown in the production and delivery
of spare parts, which had implications in the form of economic impacts on the United
States and the countries connected to it [16].

In 2004, terror incidents at seaports and airports became an issue in California. There-
fore, analysis related to preventive measures that can be taken to reduce the risk of terror
was carried out; however, the impact of a terrorist attack was not discussed [17].

In 2011, Hirai conducted a study on the port’s functionality and business continuity
against the Japanese earthquake of the same year. Research on BIA concerns the economic
impact and production disruption caused by natural disasters [18]. Ono then conducted
research using the same case study by developing the BCM framework [19].

In 2012, Omer conducted a study to develop a framework for assessing the resilience
of the maritime transportation system. Resilience is the ability of an organization to rise
and recover after a disruption. The resilience of a port can be measured by cargo tonnage,
delivery time, and cost [20].

In 2013, Rose and Wei conducted simulations and estimates of the economic conse-
quences caused by the cessation of port activities of The Port Arthur/Beaumont Metropoli-
tan Statistical Area, which was simulated for 90 days. The economic impact data used in
this article were obtained from secondary data. This article did not explain what disruption
occurred and how the impact was calculated following the disruption [21].

In 2015, Novati researched the modeling of the effects of disruption on ports using the
costs of container distribution disruption due to seismic and conflict hazards [22]. In the
same year, Wijaya developed a financial management process framework that uses BIA as
one of its processes. BIA is carried out through meetings between branch and head offices
to increase communication via information technology [23].
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In 2016, Benavente conducted joint research with Ono to develop a methodology and
procedure for determining BIA to improve business continuity for ports. This research
was conducted by using Chile as a case study on the disruption caused by an earthquake.
BIA can be applied via a qualitative screening system with an output in the form of the
MTPD (Maximum Tolerable Period of Destruction) [24]. In addition, in 2016, Oztanriseven
and Nachtmann simulated the economic impact of the disruption on the McClellan-Kerr
Arkansas River navigation system connecting the United States with the rest of the world
via the Mississippi River and the Port of New Orleans. Disruption was carried out on a
time basis, i.e., short term (10 days), medium-term (60 days), and long term (180 days) [25].

In 2021, Notteboom conducted research and data collection on the economic impact
caused by the COVID-19 pandemic. The process of collecting data was undertaken using
a survey method. Between early April and mid-July 2020, between 40% and more than
50% of all respondents indicated that container ship calls fell by more than 5%. However,
in September 2020 (week 36), the situation improved significantly and reached a lower
28% [26].

Based on the literature search, it is known that, up to now, the business impact analysis
approach carried out for ports has prioritized economic aspects, with the causes of disrup-
tion being in the form of natural disasters, human activities (terrorists, labor disruptions,
and lockouts), as well as the existence of a pandemic. Until the research underpinning this
article was conducted, there was still a paucity of literature explaining business impact
analysis procedures through the use of case studies of disruptions in container terminals
related to operational constraints with quantitative calculations. Therefore, as a scientific
contribution, this article explores how business impact analysis can be adapted to the
maritime business, especially in container terminals. This study uses quantitative and
qualitative approaches, involving container terminal management as part of the analy-
sis and utilizing the terminal’s historical performance data when a disruption occurs in
comparison to data representing normal conditions.

3. Research Method

The research method in this article consists of three parts. The first part explains the
scope and procedures of business impact analysis, and specifically, demonstrates how
business impact analysis is deepened with a maritime business case study. The second part
includes a method for defining impact categories in a disruption case study. The third part
contains a quantitative method for assessing an impact based on its impact category.

3.1. Scope and Procedure of BIA

Exploration was carried out at Container Terminal X in Surabaya, Indonesia, as a case
study. The research began by identifying the causes and impact of the electricity supply
disruption at the container terminal. The data used in this paper were from primary data
obtained from container terminal and secondary data obtained from journals and research
related to electricity supply disruption and its impact.

These impacts can occur when an organization is exposed to a disruptive incident.
BIA will produce a measurement of the incidents encountered to make decisions related to
strategies in dealing with disruption.

In general, BIA procedures can be adopted from the ISO 22317:2015 Guidelines for
business impact analysis. ISO 22317:2015 contains guidelines for the BIA process to be
carried out step by step, starting from identifying the scope and role and later clarifying
position of the BIA after obtaining approval from management. Because it is still general,
the BIA listed in ISO 22317:2015 requires further details in order to be applied to the mar-
itime industry, especially in container terminals. Adaptation to the BIA needs to consider
matters relating to the operational performance of the container terminal. The operational
performance includes the company’s vision and mission, loading and unloading work
patterns, activity outputs, performance targets, machinery that affects business activities,
resources used, business reputation, and emission characteristics that need to be minimized.
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To satisfy the demand for BIA application in container terminals and as a form of scien-
tific contribution, in this article, we explore and adapt BIA material to maritime business
aspects, especially in its application to container terminals due to operational disruption.
Figure 2. shows the BIA material, which is deepened and adapted to the business and
activities in the container terminal.
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Figure 2. BIA material deepening with application in container terminals.

3.2. Define the Impact Category

To identify the impact categories, we started with a survey of the interested parties at
Container Terminal X to map the categories of impacts on disruption and determine the
scale of the impacts. As recommended by ISO 22031, and as explained by Olander (2006),
the interested parties selected in the business impact analysis survey were individuals
who are closely related to the business continuity management system, who can lead,
or are affected by, the goal of the corporation or business [11,27]. The interested parties
selected in this study were from the middle to top management level in operational,
financial, commercial, public relations, and human resources affairs. Impact preferences
were determined by considering the company’s vision and mission, current business
position, and business state in the future.

After mapping the impact categories of a disruption that occurred, the study continued
with a quantitative analysis of each impact category using a history of port performance in
conditions before and after the disruption occurred. For the impact of decreased productiv-
ity, the analysis was carried out based on the decrease in port utility due to port equipment
stoppage. In the category of economic loss impact, the data analyzed were the reduction in
the number of containers that could be handled. In the category of the impact of a decrease
in employee productivity, the data analyzed were lost work time due to the inoperability
of administrative equipment. In the category of decreased numbers of customers, the data
analyzed were the decrease in ship arrivals per day after the disruption occurred. In the
category of the impact of a decline in company reputation, public assessments and media
coverage of port performance was the basis of the analysis. In the category of the impact
of wasted energy, the data analyzed were the wasted energy spent to reactivate electrical
equipment after the electrical system had been repaired. The results of the quantitative
analysis on the disruption impact category were then mapped back to the impact category
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level scale obtained during the survey. This mapping was able to conclusively reveal how
disruption can have a substantial and measurable impact on port business continuity.

3.3. Quantitative Impact Assessment Method

To quantitatively measure the impact of electrical distribution events on the container
terminal, we referred to several supporting articles. To find out what the equation of
productivity after a disruption is, we referred to the Kullstam equation, which states that
system availability is the time between two failure events minus the maintenance and
repair time [28], and then related the results to the productivity of a container terminal as
measured by the operating time at the terminal [29].

According to Novati (2015), and Oztanriseven and Nachtmann (2017), to measure the
economic impact of an event, a container terminal revenue description is generally used
as a parameter from the business and financial side [22,25]. For the container terminal
considered in this study, the company’s revenue could be represented by a decrease
in the flow of containers, which was the most considerable portion of revenue for the
container terminal. Equation (1) presents the existing equations derived from the research
publications of Oztanriseven and Nachtmann (2017).

1
Ai(t) = (&%)wa; VieT 1)

A;(t): Average number of commodity i shipments per day in year ¢;

f1(t): Flow of commodity i by mode of transportation g in year t;

B;: Capacity of a barge carrying commodity i;

Nj;: Number of barges per shipment of commodity i;

O(t): Number of working days without a disruption in year ¢.

The management states employee productivity was also a parameter that needed
to be measured as it is known to impact productivity and company finances. Accord-
ing to Collewet and Sauermann (2017), employee productivity can be measured using
working hours [30]. In electrical disruption, unproductive working hours are measured
when employees cannot use computers and communication equipment to complete their
administrative tasks.

On the basis of the research conducted by Jain and Winner (2013), it is known that rep-
utation can be measured by the news in the mass media since the media is a communication
tool that can form a public perspective of the condition of a company [31,32]. To measure
the decline in the company’s reputation, we tracked media coverage of disruptions in local,
national, and international media.

To measure the decrease in the number of customers, we used the number of ship
arrivals as a parameter of the impact of an electrical disruption incident. In previous
research conducted by Dowd (1990) and Cohen (2002), ship arrivals were closely related to
the productivity level of a container terminal [16,29].

Container Terminal X is a container terminal developed with the green energy concept
by limiting fossil fuels and maintaining energy efficiency. Therefore, in terms of its man-
agement, wasted energy is one of the company’s concerns. According to He, Huang, and
Yan (2015) and Wilmsmeier and Spengler (2016), the wasted energy rate can be measured
using energy consumption and productivity [33,34]. In conditions of electrical disruption
in a container terminal, unproductive energy appears when the container crane is restarted,
which causes an increase in starting power that is 3-5 times higher than the normal op-
erating power. Table 1 shows a list of the impacts of the disruption, the equations and
parameters used, and the reference sources.
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Table 1. Quantitative calculation based on impact category.

No. Impact Category Equation/Parameter References
. .. Kullstam, 1981 [26]
oP o
1 Decrease in Productivity (TH - T0) % 100% Dowd, 1990 [27]
. CTy — (Bxnx W) o Novati, 2015 [21]
2 Economic lost Ch x 100% Oztanriseven and Nachtmann, 2017 [24]
3 Decrease in Efrr}ployee UxH) =W __ 1000 Col}ewet and Sauermann, 2017 [28]
productivity Tdeal Working Hour Kjellstrom and Kovats, 2009 [33]
Decrease in the number of . Dowd, 1990 [27]
4 customers Number of ship-calls Cohen, 2002 [15]
5 A decline in company Disruption event in mass media Jain and Winner, 2013 [29]
reputation P Andina-Diaz and Garcia-Martinez, 2020 [30]
6 Wasted energy ExnxO He etal,, 2015 [31]

Wilmsmeier and Spengler, 2016 [32]

4. Empirical Study

This study consisted of two parts, including survey activities to determine impact
categories and their scale and quantitative calculations to determine the magnitude of
the impact arising from the electrical disruption in the Container Terminal X. The survey
activity was carried out in two sub-parts; the first sub-parts focused on determining the
impact category through questionnaires and interviews, while the second survey was
conducted to engage the management of Container Terminal X in a discussion in order to
obtain an agreement on all mutually agreed impacts according to management preferences.
Quantitative analysis activities to determine the impact of a description on each impact
category were undertaken using performance data from Container Terminal X obtained
before and after a disruption occurred.

4.1. Initial Interview and Impact Scale

The exploratory process of analyzing the impact caused by electrical disruptions at
the container terminal started with interviews with the management, which consisted of
operational, financial, and commercial sections. The information explored at this stage
was the impact category. The respondents involved in this survey were 30 individuals
whose roles influenced both daily business activities and business planning in the long
term, such as commissioners, directors, and managers from various departments. In this
survey, the interested parties were asked questions in two stages. The first stage involved
the interested parties being asked several questions about which impacts would affect the
running of the business in Container Terminal X. The prioritized impact categories and the
parameters measured in the business impact analysis were impact categories with higher
rates of affirmative answers than negative answers. As a form of validation, the results
were then reconciled with management to agree on which parameters would be used in
the business impact analysis. Table 2 shows a sample of some of the questions asked to
respondents in relation to the exploration of the impacts of different categories.

From the several potential categories, the impact categories were narrowed down to
six major categories, i.e., decrease in productivity, economic loss, decrease in employee
productivity, decrease in the number of customers, decline in company reputation, and
wasted energy. The list of impact categories for electrical disruption in the container
terminal, established on the basis of the interview results, is shown in Figure 3.

After the impact category was obtained, the interview explored the impact scale
for each impact category as the second stage. Interviews were conducted with the same
respondents. The exploration aimed to determine the scale of the impact caused by category
on the expectations of container terminal management. The second phase of the survey
was conducted through focus group discussions involving the management of Container
Terminal X. The agreement was made considering the company’s vision and mission, risk
and impact preferences, current business position, and long-term business plans. Table 3
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shows a list of impact scales compiled from the interviews with the container terminal
management personnel.

Table 2. Sample of questions asked to respondents.

Answer (Yes) Answer (No)

Question List Respondents
Respondents (%) Respondents (%)
Did the decrease in productivity affect the business? 30 27 90% 3 10%
Did the economic loss affect the business? 30 21 70% 9 30%
Did the decrease in emplf)yee productivity affect the 30 o 80% 6 20%
business?
Did the decrease in the number of customers affect the 30 18 60% 1 40%
business?
Did the decline in company reputation affect the 30 2 70% 9 30%
business?
HYes M No
100% 00°%
90% 0%
8% 70% 70%
g; 70% 60% 60%
Y 60%
:"-\;O 5N9,
£ 0% 0.0% 0.0%
g 40% 0.0% 0.0%
el 209
30% 0.0%
20% 0.0%
10%
0%
Decrease in ~ Economic Lost  Decreasein Decrease inthe  Declinein =~ Wasted Energy
productivity employee number of company Reported
productivity customers reputation
Impact Category
Figure 3. Six categories of potential disruptive impacts.
Table 3. Impact categories and level of impact as indicated by the container terminal management personnel.
Impact Categories
Level of Productivity of Decrease in Decrease in the A Decline in
Impact Loading and Economic Lost Employee Number of Company Wasted Energy
Unloading Productivity Customers Reputation
Potential
decrease in Potential Decrease in
loading/ decrease in . 0 to 20%
: . employee Decrease in .
s unloading income to . - . No negative No wasted
Insignificant . o . productivity ship arrivals by .
productivity to  98-99% relative o . coverage in one  energy reported
o . <7% from the 1 to 2 ships .
98-99% relative to normal . . local media
. ideal condition
to the normal conditions
condition
Potential
d i Potential .
serease i otentia Decrease in 0 to 20%
loading/ decrease in employee Decrease in Negative
. unloading income to poyes . . gatve <250 kWh
Minor . o . productivity ship arrivals by coverage in
productivity to  96-98% relative o . /year
o . 7-10% from the 2 to 4 ships some local
96-98% relative to normal . o .
- ideal conditions media
to the normal conditions

condition
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Table 3. Cont.

Impact Categories

Level of Productivity of Decrease in Decrease in the A Decline in
Impact Loading and Economic Lost Employee Number of Company Wasted Energy
Unloading Productivity Customers Reputation
Potential
decrease in Potential Decrease in
load- decrease in employee D . 0 to 20%
. . . L ecrease in X
Moderate ing/unloading income to productivity ship arrivals by Negative 250-
productivity to  94-96% relative 11-14% from 4 t0 6 ships coverage in 500 kWh/year
94-96% relative to normal the ideal P regional media
to the normal conditions conditions
condition
Potential
decrease in Potential Decrease in
load- decrease in employee D . 0 to 20%
. . . - ecrease in X
Major ing/ unlf)a.dmg income to. productivity ship arrivals by N egatwei 500-
productivity to  92-94% relative 15-18% from 6 to 8 ships coverage in 1000 kWh/year
92-94% relative to normal the ideal P national media
to the normal conditions conditions
condition
Potential
decrease in Potential
load- decrease in Decrease in 0to 20%
ing/unloading income to employee Decrease in Negative
Catastrophic productivity to below 92% productivity ship arrivals coverage in >1000 kWh/year
below 92% relative to >18% from the =~ above 10 ships international
relative to the normal ideal conditions media
normal conditions
condition
4.2. Decrease in Productivity
In calculating the decrease in productivity at the Container Terminal X, the required
variables were operating time, length of time that the equipment could be used in one
month, maintenance time, and the duration of the disruption. The equipment used to load
and unload the containers were ships that stored cranes. This study continued with data
collection using questionnaires and interviews with engineering and electrical operations
experts at the container terminal. We used this parameter to compare the utility that
occurred before and after the disruption in the same month. Table 4 shows the parameters
used to measure the changes in productivity of Container Terminal X.
Table 4. Parameters used to measure the decrease in productivity.
Description Symbol Score Reference
Operating time OP 355.9 h per month Actual average monthly uptime
Total time per month TH 730 h per month 365 x 24 h/12 month
Corrective maintenance time M 0.83 h per month Actual average time of corrective maintenance
Preventive maintenance time PM 9.09 h per month Actual average time of preventive maintenance
Disruption duration W 18 h/event Actual time from disruption until the normal condition
Disruption frequency O 4 times per year Highest disruption in one year

In this case, if there was no disruption, the information could be written as UR;.
Then, a second calculation was performed involving the duration of the disruption, writ-
ten as UR;. These two calculations were used to measure the impact of the disruption.
Equations (2) and (3) show the utility before and after disruption, respectively.
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The process used to obtain the results of the first utility calculation as the ideal utility
can be seen below:
a. Utility before disruption

(UR1) = (reipoy x 100%
J— P o
= (TH=(CMFPA) % 100%
= 0-(0.835909)) < 100% 2
= 0.4943 x 100%
= 49.43%

b. Utility after disruption

(UR2) = 77710y % 100%

— OP—W 0

55.9—18 o
3= (08 o097 X 100% )

= 0.4692 x 100%
= 46.92%

Then, a calculation was carried out to establish the decrease in utility in order to assess
the type of consequences caused by the impact of disruption to the electricity supply at the
container terminal (Equation (4)).

c. Utility Difference
UR,
%UR) = —= = 94.94% 4

(%UR) = 777 @
Disruption in the electricity distribution caused the crane to not be operable, and the
loading and unloading of containers therefore stopped. The calculation results show that
the occurrence of electrical disruption for 18 h within one month caused a decrease in
loading and unloading productivity to 94.94% at the container terminal as compared to

normal conditions.

4.3. Economic Lost

The decrease in revenue was one of the parameters that was considered essential
in terms of measuring the impact of a disruption event. Several previous studies used
a decline in income as the basis for measuring the conditions before and after the event
occurred [21,24]. To measure the decrease in revenue caused by electricity distribution
events at the container terminal, we used the container throughput data to represent the
company’s revenue loss. In the calculation process, we used several parameters: container
throughput in April 2020, the length of the disruption time, the average container handling
speed per hour, and the number of cranes used during the loading and unloading process.
Table 5 below shows the data used to calculate the economic loss of the Container Terminal
X due to electrical disruption.

The calculations determined the percentage decrease in container throughput in the
event of an electrical disruption (Equation (5)). This study used the container throughput
before disruption as the ideal value, namely the percentage of 100% as a benchmark for B
decline. Below is the method for calculating B:

Percentage of container throughput after disruption.

CTy—(BxnxW o
(Bly) = =) 100%
_ 49160-(17x10x18) 100,

49,
49,160 (3060) o
— W X 100 /O (5)

__ 46,100 o
= 19.160 x 100%

= 93.78%
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Table 5. Parameters in income reduction calculation.

Description Symbol Score Reference
Container Throughput in April 2020 CT 49,160 box Port performance history
Disruption Time " 18h Actual time from dlSI‘u'p'thl’l until the normal
condition

Average Number of Container
Handling per-hour
Unit of STS n 10 units Number of cranes available at the Terminal

B 17 box/hr Average actual handling speed

As a result of the stoppage of loading and unloading activities for 18 h, the container
terminal experienced a decrease in container flow revenue equivalent to the value of 3060
box containers; in other words, the percentage of container throughput dropped to 93.78%
of the throughput expected under normal conditions.

4.4. Decrease in Employee Productivity

To calculate employee productivity, the variables used were the ideal employee work-
ing time and the time of disruption [30,35]. This impact calculation was used to measure
the decline in employee productivity after the disruption of the electricity supply. We used
this equation to compare the employee’s time before and after the disruption. Thus, we
could find deviations in the percentage of employee productivity. Table 6 shows the pa-
rameters of the decline in employee productivity of Container Terminal X due to electrical
disruption.

Table 6. Parameters relating to the decrease in employee productivity.

Description Symbol Score Reference
Working hours in a day J 8h The normal working hours in a day
Working days in a month H 20 Days Normal working days in a month

Actual time from disruption until the normal

isruption time 8 condition resumed

Using the above parameters, we obtained the ideal number of employee working
hours without disruption, and the number of hours when employees were disrupted. The
results of the productivity calculation are shown in Equation (6).

a. Working Hours

(Wh)=] xH
=8x20 (6)
=160

The results showed that the expected working time without the presence of disruptions
(ideal productivity) was 160 h in one month. This result was then used as the highest
percentage, which was 100%, to be used as a reference. Later, this value was compared
with the productivity percentage in the event of disruption using Equation (7).

b. Productivity after disruption

(JxH)—W  (8x20)—18

(IPy) = = e = 8875% @)

Then, a calculation was carried out using Equation (8) to establish the decrease in
productivity caused by the impact of electricity disruption.
c. Decrease in productivity

(AIP) = IP, — IP;
= 88.75% — 100% 8)
= —11.25%
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The decrease in employee productivity was also found to be the result of an impact that
was considered to have been caused by electrical disruption, especially for the container
terminals that utilized information technology in order to carry out administrative and
financial activities. The interruption of the electric power caused a stoppage in operational
activities. Based on the above calculation, it can be seen that there was a decrease of 11.25%
in relation to the ideal condition (100%).

4.5. Decrease in the Number of Customers

Dowd and Leschine (1990) and Cohen (2002) explained that the number of customers
is one of the parameters used to measure a port’s productivity. The decrease in the number
of customers can be reflected by ship arrival data before and after the disruption. In
this study, the data sought were the number of ships that arrived within 10 days of the
occurrence of electrical disruption, two days before the occurrence of electrical disruption,
on the day of the disruption, and seven days after. Figure 4 shows data on the decline in
ship arrivals within a 10-day period. The graph shows a decrease from the period before
the disruption to 7 days after the disruption. However, the impact was insignificant, with
the decrease being for the number of vessels on the 4th day after the disruption. Figure 4
shows the decrease in the number of customers (ship-calls per day).

Decrease in the number of customers
(Ship-call per day)

Shipscall (x/day)

Day-2 Day-1 Day0 Dayl Day2 Day3 Day4 Day5 Day6 Day7

Figure 4. Decrease in the number of customers (ship-calls per day).

4.6. A Decline in Company Reputation

In calculating the decline in company reputation in the post-disruption period, we
used a questionnaire and recruited experts who have a background in marketing to provide
an assessment. The perspective that we measured was the company’s perceived reputation,
scored as a percentage from 100 to 0%. The questionnaire functioned as an impact assess-
ment of reputation as measured during the periods ten days prior to electrical disruption,
two days before the electrical disruption occurred, the day the disruption occurred, and
seven days after.

On days one and two before the disruption, the company’s reputation was at a
percentage of 86.75%, which already indicates reputational damage. However, there was
a drastic decrease of 28.25% on the day of the disruption. On the second day after the
disruption, the company reputation index dropped to 50% and reached a moderate level.
However, on the day after the disruption, reputation re-increased on the seventh day.

It can be concluded that the impact of the disruption was highest on the second day
following the disruption. Figure 5 shows a decline in company reputation in percentage
terms (%).
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A decline in company reputation (%

60%

40%

Percentage of Reputation (%)

Day-2 Day-1 Day0 Dayl Day2 Day3 Day4 Day5 Day6 Day?7

Figure 5. Decline in company reputation (%).

4.7. Wasted Energy

An electrical disruption in a container terminal can cause shutdowns of loading and
unloading equipment. When the electricity distribution returns to normal, the equipment
will be reactivated with higher power consumption than normally operated. The power
needed to reactivate the equipment can become potentially unproductive power since this
power should not need to be released if the electricity distribution system is not disrupted.

Table 7 shows the data for wasted energy calculation due to the electrical disruption
of Container Terminal X.

Table 7. Parameters for wasted energy calculation.

Description Symbol Score Reference
Actual power needed to reactivate the equipment E 12 kWh Historical data
Number of STS in terminal n 10 STS Number of cranes available at the
Terminal
Frequency of disruptions O 4 times/year Highest disruption in one year

We used Equation (9) to find the amount of energy wasted in one year.
Wasted energy
(WE)=ExnxO
=12x10x4 )
= 480 kWh/year

The calculation results show that the energy used to reactivate the 10 STS at the
terminal for one year in the event of disruption was 4 (four) times higher than the normal
amount, or 480 kWh. Based on this calculation, electrical disruption in the container
terminal was proven to have an impact in terms of wasted energy. This impact occurred
when the port equipment needed to be turned on from the off state. This was the case

because electrical equipment, especially electric motors, generally require greater power
when starting.

4.8. Level of the Impact of Disruption on the Management Scale

After obtaining the results from the list of potential impacts arising from an electrical
disruption at the container terminal, the next step involved comparing the impact results
with the level of impact perceived by the container terminal management personnel. Table 8
shows the impact of disruption on the management scale. The electricity disruptions had
a significant impact in terms of the economic loss category, reaching a catastrophic level.
The impact on the potential for decreased loading and unloading productivity, decreased
employee productivity and decreased reputation, and wasted energy was at a moderate
level. In contrast to the list of other categories, the potential decline in customers due
to disruption was still insignificant. The ship owners tended to wait for the terminal to
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re-operate rather than look for a replacement due to issues relating to the availability of
other terminals and also because of costs.

Table 8. Level of the impact of disruption on the management scale.

List of Impacts
Impact Productivity of Decrease in Decrease inthe A Decline in
Statement Loading and Economic Lost Employee Number of Company Wasted Energy
Unloading Productivity Customers Reputation
Potential Potential Potential
decrease in decrease in decrease in Potential A potential Potential
income to employee decrease in the decline in enerev wasted:
Impact result productivity to 93.78% relative productivity number of company 480ng,Wh or '
94.94% relative o 11.25% relative customers by reputation of P
to the normal . o year
to the normal conditions to the normal one ship up to 50%
conditions conditions
Statement Moderate Catastrophic Moderate Insignificant Moderate Moderate

5. Conclusions and Discussion

Developing a business impact analysis on the port sector, especially a container
terminal, often requires a quantitative technical approach as well as consideration of
economic impacts.

Therefore, in this study, we deepened the understanding of BIA material, which is still
general, into a BIA process that can be applied to the maritime sector, especially in relation
to container terminals. The sections detailed in this article identified impact categories,
identified impact scales, and quantitatively analyzed impact calculations. In each process,
we involved the management of Container Terminal X as interested parties as part of this
analysis. In identifying the scale of the impact, the management of Container Terminal X
carried out a focus group discussion to establish the impact scale agreement, which was
then mutually agreed upon by management as the basis for implementation.

As a result, we obtained six categories of impacts related to electrical disruption of the
container terminal, i.e., decreases in productivity, economic loss, decreases in employee
productivity, decreases in the number of customers, a decline in company reputation, and
wasted energy. These six impact criteria were then analyzed further using quantitative
methods to measure the impact generated from each category. In the impact calculation
analysis, we used disruption data related to the Container Terminal X for a case study of
electricity disruption and used terminal performance data as a calculation database.

Container terminal productivity is a recommended benchmark to reflect the operating
conditions of container terminals due to disruption. In this study, loading and unloading
productivity at the container terminal was measured as the effectiveness of activities. When
the disruption hit, the operating time of the loading and unloading process decreased as
long as the equipment could not be operated. To measure the decrease in the efficiency
of loading and unloading activities, we used the reduction in operation duration due to
disruption as a parameter and then compared it with normal conditions. Based on our
calculations, we found that the cessation of electricity supply caused a moderate decrease
in productivity.

Economic loss is a parameter that is generally used as a benchmark for most companies
to assess the impact and position of the company in terms of the continuation of business
operations after the disruption has occurred. In the case of the container terminal, the
benchmark of the company’s revenue could be assessed using the number of containers
that it could handle. Based on the decrease in the number of containers and by referring to
the Impact level scale from management, it was found that the distribution of electricity at
the container terminal for 18 h caused economic losses at a catastrophic level.

In the category of decreased employee productivity, we found that the disruption
in the container terminal reduced productivity to a moderate level. The limited use of
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computer equipment and other communication tools caused administrative and financial
delays, especially at ports that had digitized their activities.

The category of declining company reputation and the scale of energy wasted during
electricity disruption in the container terminal showed a moderate impact level. Based
on the analysis, we found that the company’s reputation decreased by 50%, with the
relevant information being sourced from customer ratings and coverage in regional media.
Meanwhile, in the category of wasted energy, electrical disruption caused loading and
unloading equipment at the container terminal to consume high electrical power during
the restarting process. For container terminal management personnel, reputation and
energy efficiency were considered essential because the container terminal had the vision
to compete with international ports, which prioritize energy efficiency in every activity.
Therefore, the decline in reputation and wasted energy became a significant concern.

In the customer decline category, we use the ship arrival parameter to assess conditions
after a disruption. In contrast to other categories that show a heavy to catastrophic scale,
the decrease in customers of the container terminal in the short term occurred at an
insignificant scale because it only experienced a decrease of one ship in ten days. Based on
interviews with ship owners, it was found that ship owners tended to wait for the terminal
to resume operation rather than looking for another container terminal, considering the
lack of availability of replacement containers with the same specifications and the costs
incurred by ship owners when changing a terminal.

Based on the study results, it was found that the category that had the most significant
results was the impact on economic loss. The impacts that were found to be at moderate
levels were wasted energy, declines in the productivity of loading and unloading, decreased
employee productivity, and a decline in company reputation. In comparison, one category
that was still included in the insignificant category was the decreasing number of customers.

Ultimately, as a component of a company’s resilience and sustainability in terms of
planning to operate in times of disruption, BIA is a necessary analytical component for
organizations. Because the published standard procedures for BIA are still general, BIA can
be developed and deepened further by adapting its analysis components to the businesses
and activities in which BIA is implemented. Because each business and activity is unique,
the work process, targets, and preferences are different, and thus, the implementation of
BIA will also be different. The uniqueness of each of these business activities can be an
opportunity for academics and practitioners to develop new approaches to the deepening
of knowledge on BIA processes. In terms of standardization and publication, so that every
BIA can, on the basis of business characteristics, be appropriately recorded and used as a
general reference, it is better for BIA recommendations to include derivatives and deepen
the scope of BIA based on specific business groups.
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