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Abstract: Escape lighting is a type of emergency lighting designed to help people safely exit or facility
during an emergency. This type of lighting is crucial for guiding occupants to safety when the normal
lighting system fails. Since it is automatically lighting up when the main and the emergency power
supplies are loosed, it is important to have a correct preventive maintenance. In this regard, one of
the aspects regulated by the IEC 62034:2012 standard (Automatic test systems for battery powered
emergency escape lighting) relates to automatic test systems for battery-powered emergency escape
lighting. It sets out the performance and safety requirements for these systems, ensuring they
function reliably during emergencies when battery-powered lighting is crucial. According to this, the
present work focuses on a techno-economic analysis of the implementation of the 62034:2012
standard in a multipurpose vessel. The implementation of the IEC 62034:2012 on board reduce the
preventive maintenance and ensures a proper operation of the escape lighting. It was found that the
proposal is recommended on the basis of the economic values obtained. Although a 52.2 m
multipurpose vessel was analyzed in the present work, these results can be extrapolated to any vessel
with escape lighting.

Keywords: escape lighting; LED; DALI techno-economic analysis

1. Introduction

The lighting system on a ship is made up of three distinct and separate networks:

- Main lighting, supplied by the ship's main electrical power sources.

- Emergency lighting, supplied by the ship's emergency source of electrical power. If the main
power supply is interrupted, the required emergency lighting shall be automatically switched on.

- Escape (transitional) lighting, powered by a battery back-up (transitional) source of electrical
power. The escape lighting system shall be activated automatically in the event of failure of the main
and emergency power sources. This type of escape lighting is mandatory on ships where the
emergency power supply is not automatically connected to the main emergency busbar within 45
seconds or where the class notation is passenger ship and ferry (IMORULES, 2024).

Escape (transitional) lighting is a safety lighting used to illuminate safe escape routes, as well as
facilitate visibility and indicate the direction of the escape route. It is also used as an anti-panic
lighting. This escape lighting is activated when the vessel is in blackout condition, so its maintenance
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and periodic functional tests are vitally important, since it is a lighting that only comes into operation
in the event of a failure (Jelena, 2006; Aizlewood and Webber, 1995; Towle, 1994). A well-designed
lighting environment in improving safety and comfort aboard ships (Zhang et al., 2023)

Escape lighting is connected to the emergency power supply, producing, in addition to
emergency lighting, transitional lighting until the emergency generator starts and is connected to the
main emergency busbars (Li et al., 2024). This type of escape lighting is based on the fact that the
power does not depend on the ship's electrical networks (mains or emergency) but on an independent
source of batteries that guarantee the lighting of said luminaries for a period of time (International
Maritime Organization, 2020; American Bureau of Shipping, 2021; European Maritime Safety
Agency, 2019), usually one or three hours, according to the manufactures datasheet. These batteries
can be integrated into the luminaires themselves or through centralized battery systems
(Uninterruptable Power Supply, UPS). Preventive maintenance of this escape lighting has been
carried out through manual and obsolete manned tests that have often been eliminated in order to
reduce maintenance costs or have been omitted (Achim, 2017).

The IEC 62034:2012 standard - Automatic test systems for battery powered emergency escape
lighting - outlines the performance and safety requirements for automatic test systems used in
emergency lighting systems operating at voltages up to 1,000 V. It covers the monitoring of timing
circuits, functional requirements, handling of component and software failures, and specifies the
necessary functional and duration tests to ensure system reliability and safety. This standard is
essential for maintaining the effectiveness of emergency lighting systems during power outages or
emergencies. The IEC 62034:2012 standard is based on the development of an automatic test system
for battery-operated escape luminaires (centralized or individual), where the escape luminaires are
tested through scheduled tests of in a reliable and safe manner, providing information on individual
failures of each luminary and the escape lighting system itself, which will allow the generation of the
necessary information to guarantee the correct functioning of the escape luminaires installed when
required. To this purpose, the standard identifies the performance of the following two tests:

¢ Functional test: test to check the integrity of the circuit and the correct operation of a luminary,
the changeover device and the back battery. A functional test shall be performed at least once a
month.

* Duration test: test to check if the backup battery power supply source supplies the system
within the limits of rated duration of emergency operation. A functional test shall be performed at
least once a year.

In addition, information regarding of the status of each luminary is always available on the
remote control station. Having said that, the application of this standard always requires human
action for corrective maintenance.

Techno-economic analyses of escape lighting on ships is crucial for enhancing safety during
emergencies while also considering the economic implications of lighting technologies. One of the
primary considerations in the techno-economic analysis is the transition from traditional lighting
systems to more advanced technologies, particularly LED lighting. Currently, lighting with LED has
replaced the outdated, inefficient and polluting fluorescent lighting in shipbuilding for multiple
reasons such as: reduction in the costs of generating electrical energy, increase in the useful life of the
lamp with the consequent reduction of maintenance costs, ease of regulation and information on the
status of the driver and the lamp as well as the control and monitoring of the luminaires (Shibabrata
et al, 2019; Andrzej, 2016). Recent studies have highlighted the benefits of replacing traditional
lighting systems with LED technology. For instance, Sedziwy et al. (2018) emphasize the financial
benefits associated with energy-efficient installations, noting that retrofitting existing systems can
lead to substantial cost savings over time due to reduced energy consumption and maintenance costs.
This aligns with findings from Salata et al. (2015), who discuss energy optimization in lighting
systems, suggesting that the initial investment in advanced lighting technologies can be offset by
long-term savings and improved operational efficiency.
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Wati et al. (2023) indicate that the integration of LED technology into ship lighting systems
significantly enhances operational efficiency and sustainability. LEDs consume less power and have
a longer lifespan compared to conventional lighting, which translates to lower maintenance and
replacement costs over time. Furthermore, Suardi et al. (2023) demonstrate that the application of
LED lamps can reduce generator power requirements on ships, thereby decreasing fuel consumption
and associated operational costs. This reduction in energy demand not only lowers expenses but also
contributes to a ship's overall environmental sustainability. Even the classification societies have
adapted their rules to the LED technology, including in their standards a section for lighting based
on controllers (DNV, 2012). Other authors proposed energy-efficient lighting systems for ships based
on solar-powered systems (Muzaki et al., 2024) and integrate smart technologies into escape lighting
systems such as intelligent lighting controls that optimize energy use and enhance safety by
adjusting lighting levels based on real-time conditions (Yao et al., 2023; Talluri et al., 2016). This
adaptability not only improves safety outcomes but also contributes to further cost savings through
efficient energy management. Lin et al. (2022) highlight that the financial performance of shipping
companies can be improved through investments in energy-efficient technologies, which can lead to
lower operational costs and enhanced safety measures. This aligns with findings from Wang and Lee
(2010), who emphasize the importance of evaluating financial performance through various indices,
suggesting that companies that invest in efficient technologies may rank higher in financial
assessments. Moreover, the initial investment in advanced lighting systems must be weighed against
long-term savings. Christodoulou et al. (2021) discuss the economic impacts of regulatory
frameworks, such as the EU Emissions Trading System, which can influence operational costs for
shipping companies. The implementation of escape lighting systems that comply with safety
regulations can be viewed as a necessary investment that not only enhances safety but may also
mitigate potential costs associated with non-compliance during inspections or emergencies.

The economic benefits of escape lighting extend beyond direct savings. Effective lighting can
enhance the overall safety of the vessel, potentially reducing liability and insurance costs. Jin and
Schinas (2019) note that shipping companies that prioritize safety and compliance with regulations
are often viewed more favorably by investors, which can lead to better financing opportunities. This
perspective aligns with the findings of Lin et al. (2024), who indicate that financial indicators play a
crucial role in attracting investment, particularly in the context of emergency preparedness and safety
measures.

The present work analyzes the implementation of the 62034:2012 standard in a multipurpose
(MPV) vessel from a techno-economic point of view. Traditionally, emergency and escape lighting,
which is mandatory on most merchant ships, has only been analysed from the point of view of its
power supply from the ship's emergency source, so that the only thing that mattered for shipowners,
crew and classification societies was that when the ship was in an emergency situation, the
emergency and escape lighting would be switched on automatically, thus generating the minimum
required lux. This article shows the advantages of implementing the IEC62034 standard, which is
never applied to ships, to reduce maintenance costs and above all, to avoid any failure due to human
negligence in an emergency situation, where there can be no failures as the life of the crew or the
integrity of the ship may be affected and not to depend on obsolete maintenance techniques, which
are often obsolete due to lack of time or resources. The ease of implementation, cost reduction and
improved safety mean that the application of the IEC 62034:2012 standard (Automatic test systems
for battery powered emergency escape lighting, which is currently not applied on any ship, can be
another tool to improve safety on board.

The number of luminaires to be installed for each network of the ship was calculated, focusing
on the luminaires affected by the IEC 62034:2012 standard (escape luminaires), as well as the installed
battery power. There are some manufactures of marine luminaries which has implemented is own
system of monitoring the luminaries. In this report, DALI protocol is used in order to do not depend
to any kind of marine naval manufacture so installed naval luminaries only needs to have a DALI
driver. The manufacturer selected for the luminaries is the well-known manufacturer
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LIGHTPARTNER, but others can be used and also combine with others, mixing the manufactures.
The economic analysis of the necessary investment was carried to analyze the following indicators:
NPV (Net Present Value), IRR (Internal Rate of Return) and discounted pay-back period (DPBP), in
order to analyze its feasibility.

2. Materials and Methods

2.1. Case of Study

A MPV includes a wide variety of tonnage and length vessels which it is capable of supporting
the following activities:

* Oceanographic Research

* Fisheries Research

* Acoustic Fisheries Surveys

* Underwater TV Surveys

¢ Ichtyplankton Surveys

* Hydrographic Surveys

¢ ROV Surveys

e AUV/ASV Surveys

* Coring/Grab Sampling

® Drop Camera

* Buoy/Mooring Operations

Given the previous operation of the vessel, the accommodation on the surveyed vessel is
designed for a mixture of crew and scientists (and other passengers). These scientists are not sailors,
so escape lighting is normally installed for the safety of this type of passenger.

The LED lighting on this vessel consists of the following systems:

- Main lighting system supplied by three 690V main generators via main transformers.

- Emergency lighting system powered by the emergency generator via emergency transformers.
Under normal conditions, the emergency lighting is supplied from the main switchboard via an
interconnecting circuit breaker.

- Escape (transitional) lighting with 3 hour integral battery system connected as an extension to
the emergency lighting.

Figure 1 shows the main networks of the vessel.
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Figure 1. Main networks of the MPV vessel analyzed in the present work.
The dimensions of the MPV analyzed are shown in Table 1.

Table 1. Main dimensions of the MPV analyzed in the present work.

Length over all 52.8 m
Length between
el 480 m
erpendiculars
perp 140 m
Beam
52m
Depth to tween deck
. 79m
Depth to main deck
10.7 m
Depth to 1st deck
13.3 m
Depth to 2 deck
13 kn
Speed

26 (12 + 14 scienti
Accommodation 6 (12 crew scientists)

The ship must be adequately illuminated with the lighting levels required by National
Authorities and legislation (ISO, 2006), and at least the lighting levels measured at 700 mm above the
deck indicated in Table 2.

Table 2. Lighting levels.

Area Light level intensity (Iux)

Engine control room 300 (minimum 200)
Lockers 100
Gallery, pantry 300

Corridor, stairs 100 (minimum 50)
Engine rooms 200

Cabins 200 (minimum 100)
Dayrooms 300
Wheelhouse 200
Bathrooms and toilets 150

According to the manufacturer's instructions (LIGHTPARTNER LICHTSYSTEME GMBH & CO.
KG), the standard useful life of this type of LED luminaires is estimated at 80,000 hours, which is
equivalent to approximately 10 years.

2.2. Economic Indicators

The economic viability of the proposal was assessed using economic parameters. To evaluate
the economic feasibility, the Cash Flow was calculated over its useful life, along with the net present
value (NPV), internal rate of return (IRR) and discounted pay-back period (DPBP).

The NPV represents the present value of the cash flows at the required rate of return of economic
savings generated by the implementation of the IEC 62034:2012 standard compared to the initial
investment, Equation (1).

o CF,
NPVZZ(H;)f o
t=1

)
where CF: is the cash flow in year t, r the discount rate r, n the number of time periods, and Go the
initial investment.

If the NPV is higher than 0, the investment will generate earnings above the required return (r).
This will imply that the acceptance of the proposal is recommended. On the contrary, if the NPV is
less than 0, the investment produces returns below the required minimum return (r) and it is not
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recommended to accept the proposal. In case NPV equals 0, the proposal does not add monetary
value above the required profitability (r) and the decision must be based on other criteria.

The IRR represents the interest generated by the proposal over its useful life. It is calculated as
the discount rate that returns the NPV to zero, Equation (2), meaning it is the interest rate that makes
the future cash flows financially equivalent to the initial investment.

n

Z G,
«(1+ IRR) 2

The proposal's economic feasibility hinges on the IRR. If the IRR is less than the required rate of
return (r), the proposal's profitability falls short of the minimum threshold, making the investment
inadvisable. Conversely, if the IRR exceeds r, the proposal's profitability surpasses the minimum
requirement, making it a favorable investment. In case the IRR equals r, the profitability matches the
required rate, similar to a scenario where the Net Present Value (NPV) is zero, and the decision then
depends on other criteria.

The DPBP measures the amount of time it takes to number of years it takes to break even from
undertaking the initial expenditure, Eq. (3).

Z“(1+rt

t=1

3)

The ideal DPBP is as short as possible. If the DPBP is less than the proposal's lifespan (t), the
initial investment is recovered more quickly than the proposal's duration, making it advisable to
accept the proposal. If the DPBP equals the proposal's lifespan, the recovery time matches the
proposal's duration, making the decision neutral. However, if the DPBP exceeds the proposal's
lifespan, the initial investment takes longer to recover than the proposal's duration, suggesting that
the proposal should be rejected.

2.3. Modification of Lighting to Implement the IEC 62034:2012 Standard

To comply with the IEC 62034:2012 standard, the following implementations/modifications
must be made to the installation:

1. Modify the luminaire internally, because the current driver must be replaced by a driver that
allows control of the luminaire, which must be a driver with Dali technology or similar (currently,
the technology used is Dali-2), in addition to modifying the number of internal connectors to install
the wires corresponding to the Dali bus. If luminaries with DALI driver are installed, this step is not
necessary.

2. The Dali bus must be included to connect each luminaire and the controller, so a 3G1.5mm?
(Ph/N/PE) cable will be changed to 5G1.5mm? (Ph/N/Dali+ /Dali-/PE) or 3Gl.5 (power
lighting)+2x1.5mm? (DALI bus). There are other solutions, but this is the one that least affects the
electrical installation and the one that is commonly accepted, since it allows the same number of
cables to be installed, slightly increasing the core numbers of cable or installing only the additional
bus DALL, if the power cables are already installed.

3. Include in the emergency lighting a distribution board for monitoring the escape luminaires:
Giving that DALI-2 system is implemented, not specific manufactures devices are need and only
open devices (BECKHOFF, WAGQ,....) will be implemented. In this case, the following equipment
was considered:

a. 1 x Basic CP module of PLC

b. 1 x 16-channel digital input card

c. 1 x 16-channel digital output board

d. 1 x master card-Dali (64 drivers)

e.1xend card

f. 5x24Vdc relays

g. HMI touch screen (if automation system is not installed)
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h. Various (protections, terminals and other small material)
4. System programming hours: 30 hours.

3. Results and Discussion

3.1. Subsection

As indicated above, the selected luminaire manufacturer was LIGHTPARTNER
LICHTSYSTEME GMBH & CO. KG, which is one of the most common and world-known
manufacturers in the naval and offshore sector. All proposed luminaries are marine LED luminaries
with DALI driver.

In other to calculate the number and type of lighting devices, lighting calculations have been
carried out for each room of the ship's to meet the required lighting level, Figure 3, by using the
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Figure 3. Lighting calculations in the engine room.
Table 3 summarizes the number of luminaires for each room of the ship's networks.

Table 3. Number of luminaires for each of the ship’s networks.

Qty Part number Description Net
TL Vario M, LED, 2200Im, 230/0/50/60,

148 5145000500-013 IP65/67, M8 bolt, 2x M20 DA Main & Emerg.
TL Vario M, LED, 22001m, 230/0/50/60,
6 5145000500-049 IP66/67, M8 bolt, 2x M20 PA, battery backup Escape
3h

TL53S Technical luminaire, LED, .

32 5105011700-002 o I 1OW/ 1.200 Lan 1230/50/60 Main & Emerg.
ST76S Floodlight, LED, 1x25W, .

101005320- Emerg.

6 5101005320-000 115/230V0/50/60Hz, 22° Main & Emerg

15 5101005720-002 ST76L Floodlight, LED, 3x25W, Main & Emerg,

115/230V0/50/60Hz, 52°
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TLO09 Watertight Luminaire, LED,

28 5105009800-004 1x4W/230V/50/60Hz, galvanized steel Escape
housing, 3h Battery backup
10 5521000200-009 HL71 BU Sign Light, 1W/230/50/60, IP20, 3h Escape
battery backup
DL120 Downlight, LED, max. .
134 5404000610-001 1 1 gv7/230/50/60, RAL.9016 clear glass lens Main & Emerg,
DL120 Downlight, LED, max.
28 5404000610-002 1x18W/230/50/60, RAL9016 clear glass lens, Main & Emerg.
DIM
DL120 Downlight, LED, max. .
8 540400061000 1 g1 /230/50/60, RAL9016 red glass lens Main & Emerg.
DL04 Downlight ,LED, max.1x5W/500mA, .
2 710-002 M E .
32 5303009710-00 chrome incl. Driver unit, 500mA, Wago ain & Emerg
SP66 M Mirror luminaire LED max.
23 5115006200-008 1x9W/1.1001m/830/230V, trafo/shaver Main
socket/switch
TI14 Charttable Light, LED, max. )
45 5135007400-000 1x3W/230/12V/50/60Hz Main
TI14 Charttable Light, LED, max.
8 5135000500-005 1x3W/230/12V/50/60Hz dimmable incl. LED Main & Emerg.
driver, LCBI 15W 350mA, dim
WL30Q Wall-/ reading light, LED, max. .
18 5127012100-002 IxXIW/110-240V/50/60Hz Main
WL282 Wall-/Bedlight, LED, max. .
2 1 7500- M
§ 5130007500008 1x6W/230V/0/50/60Hz, switch left am
WL100Q Wall-/ reading light, LED, max. .
22 5127012400-002 IxIW/120-240V /50/60Hz. Main
KL/KR61ZS Kitchen and coldroom
2 5107 20-02 Mai E .
32 5107000820-020 1 inaire, LED, max. 20W/230V/50/60Hz ain & Emerg
EX40S Explosionproof luminaire, LED 22W,
4 5108005000-001 21001m/120-230V/50/60Hz, IP67, stainless Main & Emerg,

steel housing, 2 M20 plastic cable glands,
LP160 brackets

Based on the previous table, the installed lighting power of each network is shown in Table 4.

Table 4. Main, emergency and escape lighting power.

Unitar Main Emergency,, . Po
Part .. yllghtm e yllghting
Qty Description power lighti
number (W) POWer o er (W) Pover
w P (W)
5145000500- TL Vario M, LED, 22001m, 230/0/50/60, IP66/67,
148 013 MS8 bolt, 2x M20 PA 20 1980 980 0
6 5145000500- TL Vario M, LED, 22001m, 230/0/50/60, IP66/67, 20 0 0 120
049 MBS bolt, 2x M20 PA, battery backup 3h
5105011700- TL53S Technical luminaire, LED, max.1x10W/
32 002 1.200 Lm /230/50/60 ? 189 % 0
5101005320- ST76S Floodlight, LED, 1x25W,
2 4
6 000 115/230V0/50/60Hz, 22° 0 80 0 0
5 5101005720- ST76L Floodlight, LED, 3x25W, 75 750 375 0

002

115/230V0/50/60Hz, 52°
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TL09 Watertight Luminaire, LED,
1 _
28 > 05882800 1x4W/230V/50/60Hz, galvanized steel housing, 4 0 0 112
3h Battery backup
5521000200- HL71 BU Sign Light, 1W/230/50/60, IP20, 3h
0 0 0 20
009 battery backup
5404000610- DL120 Downlight, LED, max.
134 001 1x18W/230/50/60, RAL9016 clear glass lens 18 1602 810 0
DL120 Downlight, LED, max.
404 10-
28 5404000610 1x18W/230/50/60, RAL9016 clear glass lens, 18 342 162 0
002
DIM
8 5404000610- DL120 Downlight, LED, max. 18 90 54 0
XXX 1x18W/230/50/60, RAL9016 red glass lens
3 5303009710- DL04 Dov.vnhght .,LED, @ax.1x5W/500mA, 5 105 55 0
002 chrome incl. Driver unit, 500mA, Wago
SP66 M Mirror luminaire LED max.
5115006200-
23 008 1x9W/1.1001m/830/230V, trafo/shaver 10 230 0 0
socket/switch
45 5135007400- TI14 Charttable Light, LED, max. 3 135 0 0
000 1x3W/230/12V/50/60Hz
TI14 Charttable Light, LED, max.
1 _
8 > 3588;)500 1x3W/230/12V/50/60Hz dimmable incl. LED 3 15 9 0
driver, LCBI 15W 350mA, dim
18 5127012100-  WL30Q Wall-/ reading light, LED, max. 1 18 0 0
002 1x1W/110-240V/50/60Hz
)8 5130007500- WL282 Wall-/Bedlight, LEP, max. 1 308 0 0
008 1x6W/230V/0/50/60Hz, switch left
” 5127012400- WL100Q Wall-/ reading light, LED, max. 1 ” 0 0
002 1x1W/120-240V/50/60Hz
5107000820- KL/KR61ZS Kitchen and coldroom luminaire,
2 2 42 22
3 020 LED, max. 20W/230V/50/60Hz 0 0 0 0
EX40S Explosionproof luminaire, LED 22W,
4 5108005000~ 21001m/120-230V/50/60Hz, IP67, stainless steel ” 66 ” 0
001 housing, 2 M20 plastic cable glands, LP160
brackets

3.2. Economic Analysis

3.2.1. Results Without the IEC 62034:2012 Standard

According to Table 4 and the manufacturer price list, the value of the ship's lighting devices
amounts to 122,332 €, of which the escape lighting part amounts to 10,014 €.

The following preventive maintenance costs to correctly maintain the exhaust luminaires are
estimated to be equivalent to the following annual hours:

* 44 luminaires x 1.25 hours/luminaire and year: 55 hours/year.

Which is equivalent to 55 hours/year x 45 €/hour = 2,475 €/year.

Estimating an expected useful life of 10 years for LED vessel, a maintenance cost for the exhaust
lighting is calculated of 2,475x10 = 24,750 €.

3.2.2. Investment Costs

The estimated costs of the aforementioned investment are indicated in Table 5.

Table 5. Investment costs.
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Description Unit investment (€) Total investment (€)
Changing of driver and conector 27 1,204
Incrementing Dali-bus w1r?ng (new 30 1,696
cable 2x1.5mm? for dali bus)

Modificating of the distribution

switch (PLC and dali cards) 3146 3146

Programming hours 1,350 1,350

Total 4,562 7,396

3.2.3. Expected Maintenance Costs According to IEC 62034:2012 Standard

By applying this standard, there is real-time information on the operating status of each
luminaire and driver, so any failure (communication, lamp failure, power failure or driver failure) is
constantly automatically analyzed (in addition of the tests carried out) without human intervention.

A unit maintenance cost of 5 hours/year x 45 euros/hour = 225 euros is estimated.

Therefore, a preventive maintenance cost is estimated throughout the useful life of the LED of
225x10=2,250 €.

3.2.4. NPV

Considering a useful life of 10 years and a discount rate of 12%, taking into account an initial
investment of 7,396 € and an expected annual savings of 2,250 €, a NPV of 5,317 € is obtained. Giving
that this value is positive, the application of the IEC62034:2012 is economically feasible.

3.25.IRR

Taking into account the previous values, the rate that makes the NPV zero is 27%. The
profitability is higher than the expected profitability. As it was indicated previously, it is confirmed
that the application of the IEC62034:2012 is economically feasible.

3.2.6. DPBP

The discounted payback period is less than 5 years. The initial investment takes less time to
recover than the life time of the project, which reaffirms the investment recommendation.

4. Conclusions

The present work analyzes the implementation of the IEC 62034:2012 standard (automatic test
system for battery-powered emergency evacuation lighting) in a MPV vessel. Given that part of the
crew of these vessels are scientists, an escape (transitional) lighting is recommended for safety and
security reasons. The implementation of the IEC 62034:2012 standard for automatic test systems
governing battery-powered emergency escape lighting has revealed considerable enhancements in
safety and operational efficiency for multipurpose vessels. By enabling real-time monitoring and
management of escape lighting systems, this standard ensures their reliability during critical events,
significantly enhancing safety for both crew and passengers. Moreover, the shift from manual to
automated testing not only leads to reduced maintenance costs but also guarantees that the escape
lighting remains in optimal working condition, which is crucial during emergencies. The techno-
economic analysis conducted demonstrates a favorable return on investment, further advocating for
the integration of these standards in both new and existing maritime vessels.

Looking ahead, the methodologies and insights gleaned from this study have broader
applicability beyond the specific vessel analyzed, making them relevant for various types of maritime
operations requiring effective escape lighting systems. Future research should focus on evaluating
the long-term impacts of the IEC 62034:2012 standard’s implementation across diverse marine
environments, alongside investigating the integration of innovative technologies, such as intelligent
lighting controls and renewable energy sources. This proactive approach will enhance both safety
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and sustainability in maritime operations. Ultimately, the effective adoption of the IEC 62034:2012
standard represents a critical advancement in maritime safety, underscoring the need for continuous
investment in safety technologies within the shipping industry.
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