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Abstract: This study aims to evaluate the techno-economic feasibility of implementing
the IEC 62034:2012 standard, which governs automatic test systems for battery-powered
emergency escape lighting, on a 52.8-m multipurpose vessel. The work is based on a
detailed case study of the vessel’s lighting systems, incorporating lighting simulations,
system modifications using DALI-compatible components, and an economic analysis based
on net present value, internal rate of return, and discounted payback period. The results
demonstrate that the implementation reduces preventive maintenance costs significantly—
from 24,750 EUR to 2250 EUR over ten years—while achieving a positive net present value
of 5317 EUR, an internal rate of return of 27.81%, and a discounted payback period of
under five years. The findings contribute to maritime safety literature by extending the
application of IEC 62034:2012 to shipboard environments, where it is not yet standard
practice. Practically, it provides a cost-effective and safety-enhancing solution for ship oper-
ators, suggesting that automated testing systems can replace outdated manual maintenance
procedures and improve compliance with safety regulations.

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 is supplied by the ship’s main electrical power sources.
- Emergency lighting is supplied by the ship’s emergency electrical power source. If

the main power supply is interrupted, the required emergency lighting automatically
switches on.

- Emergency escape lighting, also known as escape lighting or transitional lighting,
is a part of emergency lighting designed to help people safely exit a facility during
an emergency situation. It is powered by a battery backup (transitional) source of
electrical power. The escape lighting system activates 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 does not automatically
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connect to the main emergency busbar within 45 s or on vessels classified as passenger
ships and ferries [1].

Escape lighting is safety lighting that is used to illuminate safe escape routes and
facilitate visibility, as well as indicate the direction of the escape route. It is also used as anti-
panic lighting. This lighting is activated when the vessel experiences a blackout, so regular
maintenance and testing are essential, as it only operates in the event of a failure [2–4]. A
well-designed lighting environment improves safety and comfort aboard ships [5].

Escape lighting is connected to the emergency power supply and provides transi-
tional lighting until the emergency generator starts and carries on connected to the main
emergency busbars when the emergency switchboard is powered and supplied by the emer-
gency source [6]. This type of escape lighting is based on the fact that it does not depend on
the ship’s electrical networks (mains or emergency) but on an independent battery source
that guarantees it for a period of time [7–9]. According to the manufacturer’s datasheet,
this period is usually one or three hours. These batteries can be integrated into the lumi-
naires themselves or via centralized battery systems (uninterruptable power supply, UPS).
Preventive maintenance of this escape lighting has traditionally relied on manual tests,
which are now considered obsolete and are often omitted to reduce maintenance costs [10].

The standards upon which ship construction is based and define the operation and
installation of a vessel’s lighting system are the standards set by Classification Societies,
SOLAS, and the regulations of the Flag Authorities. Upon the completion of the vessel’s
construction, the responsibility for maintaining the system in accordance with the opera-
tional conditions outlined in these regulations falls to the shipowner, thereby rendering the
implementation of appropriate preventive maintenance indispensable, as indicated in IEC
62034:2012. It is crucial to emphasize that, in contrast to onshore structures, a ship operates
in an environment that is both highly aggressive and corrosive, subject to the forces of
waves and tides. This exposure accelerates the deterioration of these installations unless
proper maintenance is consistently carried out.

The IEC 62034:2012 standard [11]—automatic test systems for battery-powered emer-
gency escape lighting—outlines the performance and safety requirements for automatic
test systems used in emergency lighting systems operating at voltages of up to 1000 V. It
covers the monitoring of timing circuits, functional requirements, handling of components,
and software failures. It also specifies the necessary functional and duration tests to en-
sure the reliability and safety of the system. 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), in which the escape
luminaires are tested in a reliable and safe manner through scheduled tests, providing
information on individual failures of each luminaire and the escape lighting system itself.
This allows the generation of the necessary information to guarantee the correct functioning
of the installed escape luminaires when required. To this end, the standard identifies the
performance of the following two tests.

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

• Duration test: A test to check whether the backup battery power supply source
provides the system with power for the rated duration of emergency operation. A
functional test shall be performed at least once a year.

In addition, a remote control station always provides information on the status of each
luminaire. That said, this standard requires human action for corrective maintenance.



Eng 2025, 6, 110 3 of 19

The incorporation of automated control systems has an important potential to improve
navigation safety [12]. Regarding the escape lighting system, traditional testing methods
predominantly depend on manual procedures, rendering them vulnerable to oversight
and human error. These inherent shortcomings can be effectively mitigated through the
implementation of automated testing systems. In the context of escape luminaires, it is
imperative that such systems execute tests with consistency and ensure timely reporting of
any functional failures or performance deterioration.

Techno-economic analyses of escape lighting on ships are crucial for improving safety
in emergencies while taking into account the economic implications of different lighting
technologies. A key consideration in these analyses is the transition from traditional lighting
systems to more advanced technologies, such as LED lighting. Currently, LED lighting has
replaced outdated, inefficient, and polluting fluorescent lighting in shipbuilding for several
reasons, including reduced costs of generating electrical energy, an increased useful lamp life
with consequently reduced maintenance costs, ease of regulation, and access to information on
the status of the driver and lamp, as well as control and monitoring of the luminaires [13,14].
Recent studies have highlighted the benefits of replacing traditional lighting systems with
LED technology. For example, Sędziwy et al. [15] emphasize the financial benefits of energy-
efficient installations, noting that retrofitting existing systems can lead to significant cost
savings over time due to reduced energy consumption and maintenance costs. These findings
are consistent with those of Salata et al. [16], who discuss energy optimization in lighting
systems and suggest that the initial investment in advanced lighting technologies can be offset
by long-term savings and improved operational efficiency.

Wati et al. [17] suggest that integrating LED technology into ship lighting systems can
significantly improve operational efficiency and sustainability. LEDs consume less power
and have a longer lifespan than conventional lighting, resulting in lower maintenance
and replacement costs over time. Furthermore, Suardi et al. [18] demonstrate that using
LED lamps can reduce generator power requirements on ships, thereby decreasing fuel
consumption and associated operational costs. This reduction in energy demand lowers
expenses and contributes to a ship’s overall environmental sustainability. Even the classifi-
cation societies have adapted their rules to include LED technology, incorporating a section
on lighting based on controllers into their standards [19]. Other authors proposed energy-
efficient lighting systems for ships based on solar-powered systems [20] and integrated
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 [21,22]. This adaptability improves safety outcomes and contributes to further
cost savings through efficient energy management. Lin et al. [23] emphasize that shipping
companies’ financial performance can be enhanced through investment in energy-efficient
technologies, leading to reduced operational costs and improved safety measures. This
aligns with the findings of Wang and Lee [24], who emphasize the importance of evaluating
financial performance using various indices. They suggest that companies investing in
efficient technologies may achieve a higher ranking in financial assessments. Furthermore,
the initial investment in advanced lighting systems should be considered in relation to the
long-term savings it will generate. Christodoulou et al. [25] discuss the economic impacts
of regulatory frameworks, such as the EU Emissions Trading System, which can influence
shipping companies’ operational costs. Implementing escape lighting systems that com-
ply with safety regulations is a necessary investment that enhances safety and mitigates
potential costs associated with non-compliance during inspections or emergencies.

The economic benefits of escape lighting go beyond direct savings. Effective lighting
can enhance the overall safety of a vessel, which could potentially reduce liability and
insurance costs. Jin and Schinas [26] observed that shipping companies that prioritize
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safety and compliance with regulations tend to be viewed more favorably by investors,
leading to better financing opportunities. This aligns with the findings of Lin et al. [27],
who stated that financial indicators play a vital role in attracting investment, particularly
with regard to emergency preparedness and safety measures.

The present work analyzes the implementation of the 62034:2012 standard [11] in a
multipurpose (MPV) vessel from a techno-economic perspective. Traditionally, emergency
and escape lighting, which is mandatory on most merchant ships, has only been analyzed
in terms of its power supply from the ship’s emergency source. The only consideration for
shipowners, crew, and classification societies was that, in an emergency, the emergency
and escape lighting would switch on automatically, generating the minimum required
lux. This work demonstrates the advantages of implementing the IEC62034 standard, a
standard that is not currently applied to ships, to reduce maintenance costs and, above
all, to prevent failure due to human negligence in an emergency situation where failure
could have serious consequences for the crew of the ship. It also aims to eliminate the
need for outdated maintenance techniques, which are often obsolete due to a lack of time
or resources. The IEC 62034:2012 standard primarily applies to land-based infrastructure
and has seen extensive implementation in various sectors. Although its principles are
transferable to maritime environments, its adoption in this sector remains limited. This
underutilization highlights a critical research gap concerning the feasibility, benefits, and
challenges of applying the standard aboard ships. Addressing this gap is essential for
enhancing safety and operational efficiency in maritime settings, where reliable emergency
lighting is vital.

A number of marine manufacturers provide comprehensive systems—encompassing
everything from the control panel to the luminaires—incorporating protocols specifically
tailored for escape lighting (DALI, KNX, DMX, and others), fully compliant with European
regulations and standards. However, their primary limitations include the difficulty of
interfacing with luminaires from other manufacturers, the restriction on the number of
luminaires that can be installed, and also space problems given that the dimensions of
the switchboards are fixed. The number of luminaires to be installed for each network of
the ship was calculated, with a focus on those affected by the IEC 62034:2012 standard
(escape luminaires), as well as the installed battery power. Some manufacturers of marine
luminaries implemented their own monitoring systems. In this report, the DALI protocol
is used so as not to depend on any manufacturer; installed naval luminaires only need
to have a DALI driver. The manufacturer selected for the luminaires is the well-known
manufacturer LIGHTPARTNER, but others can be used in combination with different
manufacturers. An economic analysis of the necessary investment was carried out to
analyze the following indicators: NPV (net present value), IRR (internal rate of return), and
DPBP (discounted payback period) in order to analyze its feasibility. As exemplified in this
case, the installed ATEX luminaires are distributed by LIGHTPARTNER, although they are
not manufactured by this company. Other advantages of the DALI system compared to
other protocols include the following.

• Open Protocol: DALI is an open, standardized, and interoperable intelligent light-
ing control protocol developed in accordance with the international IEC 62386 stan-
dards [28].

• System Compatibility: When all system components are DALI-compliant, seamless
communication between them is ensured.

• Simplified Wiring: DALI supports any topological structure except for ring configura-
tions. Both the power supply to the luminaire and the control signal to the DALI driver
can be transmitted through a single cable, with the signal line being non-polarized.
Furthermore, no specialized cable types are required.
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• Scalability: Each master controller can manage up to 64 drivers, and the system can be
scaled as needed by adding additional masters.

• Extended Distance Capabilities: While the DALI bus has a theoretical maximum length
of 300 m, this distance can be extended using appropriate devices.

• System Integration: DALI can operate as a standalone control system or be integrated
into an automation system. It provides a more precise and efficient control for lighting
than KNX or DMX protocols.

Following this introduction, the present work continues with a Materials and Methods
section, which details the case study and describes the ship analyzed, its onboard lighting
systems, and the modifications required to implement the standard. The Results and
Discussion section then presents the technical calculations, investment costs, and economic
results to assess the feasibility. Finally, the Conclusions section highlights the benefits
of adopting the standard, both in terms of safety and cost-effectiveness, and suggests
directions for future research.

2. Materials and Methods
2.1. Case of Study

An MPV includes a wide variety of tonnage and length vessels which can support the
following activities:

• Oceanographic research;
• Fisheries research;
• Acoustic fisheries surveys;
• Underwater TV surveys;
• Ichthyoplankton surveys;
• Hydrographic surveys;
• ROV surveys;
• AUV/ASV surveys;
• Coring/grab sampling;
• Drop camera;
• Buoy/mooring operations.

Given the vessel’s operational profile, accommodation is designed for both crew and
scientists (as well as other passengers). Since these scientists are not sailors, escape lighting
is essential for their safety.

The LED lighting on this vessel, Figure 1, consists of the following systems.

• Main Lighting System: The main lighting system is supplied from the main power
supply system, which consists of three 690 V main generators (G1, G2, and G3)
with the capability for parallel operation. Power is distributed via main step-down
transformers 690/400 V (T1 and T2), which are not designed for parallel coupling, and
each transformer has sufficient capacity to supply all 400 V consumers independently.
The 230 Vac main switchboard and each sub-distribution switchboard are power
supplied from the 400 V main switchboard via service transformers 400/230 V (T3 and
T4), also without parallel coupling capability, each capable of independently supplying
the entire 230 V load.

• Emergency Lighting System: The emergency lighting system is powered by the
emergency power supply (emergency generator EG) via the emergency transformers
690/230 V (T5 and T6). These transformers are not intended for parallel operation,
and each is capable of supplying the full 230 V emergency load independently. Under
normal operating conditions—when the main generators are connected to the main
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busbar—the emergency lighting is power supplied from the 690 Vac main switchboard
via an interconnecting circuit breaker on 690 V bars.

• Escape Lighting System: The escape lighting system is equipped with integral battery
backup providing a minimum of 3 h of autonomy. These batteries are charged from
the 230 V emergency busbar, either through the 230 Vac emergency switchboard or
an onboard emergency sub-distribution board. The escape lighting is automatically
activated in the event of failure of both the main and emergency power supply systems.

 

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 Overall 52.8 m
Length between perpendiculars 48.0 m

Beam 14.0 m
Depth to tween deck 5.2 m
Depth to main deck 7.9 m

Depth to 1st deck 10.7 m
Depth to 2nd deck 13.3 m

Speed 13 kn
Accommodation 26 (12 crew + 14 scientists)

The ship must be adequately illuminated with the lighting levels required by national
authorities and legislation [29] and minimum lighting levels measured at 700 mm above
the deck, as indicated in Table 2.

Table 2. Lighting levels.

Area Light Level Intensity (lux)

Engine control room 300 (minimum 200)
Lockers 100

Gallery, pantry 300
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Table 2. Cont.

Area Light Level Intensity (lux)

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, Bremen, Germany), the estimated standard useful life of this type of LED luminaire is
80,000 h, equivalent to around 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 payback
period (DPBP).

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

NPV =
n

∑
t=1

CFt

(1 + r)t (1)

where CFt is the cash flow in year t, r is the discount rate r, and n is the number of
time periods.

If the NPV is greater than 0, the investment will generate earnings above the required
return (r). In this case, acceptance of the proposal is recommended. Conversely, if the NPV
is less than 0, the investment will produce returns below the required minimum return (r),
and the proposal should not be accepted. If NPV equals 0, the proposal does not generate
additional monetary value beyond the required profitability (r), so 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 equivalent to the initial investment in
financial terms.

0 =
n

∑
t=1

CFt

(1 + IRR)t (2)

The economic feasibility of the proposal hinges on the IRR. If the IRR is less than
the required rate of return (r), the proposal is not profitable enough to be considered a
good investment. Conversely, if the IRR exceeds r, the proposal’s profitability exceeds
the minimum requirement, making it a favorable investment. If the IRR equals r, the
profitability will match the required rate. This is similar to a scenario where the NPV is
zero, in which case the decision depends on other criteria.

The DPBP measures the number of years required to break even on the initial expendi-
ture, as shown in Equation (3).

n

∑
t=1

CFt

(1 + r)t ≥ 0 (3)
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The ideal DPBP should be as short as possible. If the DPBP is shorter than the
proposal’s lifespan (n), the initial investment will be recovered more quickly than the
proposal lasts, so it is advisable to accept the proposal. If the DPBP equals the proposal’s
lifespan, the recovery time matches the proposal’s duration, resulting in a neutral decision.
However, if the DPBP exceeds the lifespan of the proposal, it will take longer to recover the
initial investment than the duration of the proposal, suggesting that the proposal should
be rejected.

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

In order to comply with the IEC 62034:2012 standard, the following implementa-
tions/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. This driver must use DALI technology or
similar (currently, the technology used is DALI-2). The number of internal connectors
must also be modified to install the wires corresponding to the DALI bus. If luminaires
with a DALI driver are installed, this step is not necessary.

2. Include the DALI bus to connect each luminaire and the controller, so a 3 G1.5 mm2

(Ph/N/PE) cable will be changed to 5 G1.5 mm2 (Ph/N/Dali +/Dali-/PE) or 3 G1.5
(power lighting) + 2 × 1.5 mm2 (DALI bus). Other solutions exist, but this is the one
that affects the electrical installation the least and is the one that is commonly accepted
since it allows the same number of cables to be installed, with only a slight increase in
the number of cable cores with the installation of an additional DALI bus, provided
the power cables are already installed.

3. Include a distribution board for monitoring the escape luminaires in the emergency
lighting. Given that the DALI-2 system is implemented, no specific manufacturer’s
devices are needed, and only open devices (BECKHOFF, WAGO, etc.) will be imple-
mented. In this case, the following equipment was considered:

a. 1 × basic CP module of PLC;
b. 1 × 16-channel digital input card;
c. 1 × 16-channel digital output board;
d. 1 × master card-Dali (64 drivers);
e. 1 × end card;
f. 5 × 24 Vdc relays;
g. HMI touch screen (if the automation system is not installed);
h. Various (protections, terminals, and other small materials).

4. System programming hours: 30 h.

3. Results
3.1. Calculation of Luminaires

As mentioned above, the selected luminaire manufacturer was Lightpartner Lichtsys-
teme GMBH & CO. KG, one of the most well-known and widely recognized manufacturers
in the naval and offshore sector. All of the proposed luminaires are marine LED luminaires
with a DALI driver.

In order to calculate the number and type of lighting devices, lighting calculations
were performed for each room of the ship to meet the required lighting levels, as shown in
Figure 2, using DIALUX EVO software 13.1 with the following conditions:

• Mounting height: height of the room (according to GA drawing);
• Maintenance factor: 0.80;
• Height of workplane: 0.850 m;
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• ϱ(%): reflection factor:

■ floor: 20%;
■ ceiling: 70%;
■ walls: 50%.

Figure 2. Lighting calculations in the engine room.

Table 3 summarizes the number of luminaires in each room in the ship’s networks.

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

Qty Description Net

148 TL Vario M, LED, 2200 lm, 230/0/50/60, IP66/67, M8 bolt, 2 × M20 PA Main and Emerg.

6 TL Vario M, LED, 2200 lm, 230/0/50/60, IP66/67, M8 bolt, 2 × M20 PA, battery backup 3 h Escape

32 TL53S Technical luminaire, LED, max.1 × 10 W/1.200 Lm/230/50/60 Main and Emerg.

6 ST76S Floodlight, LED, 1 × 25 W, 115/230 V0/50/60 Hz, 22◦ Main and Emerg.

15 ST76 L Floodlight, LED, 3 × 25 W, 115/230 V0/50/60 Hz, 52◦ Main and Emerg.

28 TL09 Watertight Luminaire, LED, 1 × 4 W/230 V/50/60 Hz, galvanized steel housing, 3 h Battery backup Escape

10 HL71 BU Sign Light, 1 W/230/50/60, IP20, 3 h battery backup Escape

134 DL120 Downlight, LED, max. 1 × 18 W/230/50/60, RAL9016 clear glass lens Main and Emerg.

28 DL120 Downlight, LED, max. 1 × 18 W/230/50/60, RAL9016 clear glass lens, DIM Main and Emerg.

8 DL120 Downlight, LED, max. 1 × 18 W/230/50/60, RAL9016 red glass lens Main and Emerg.

32 DL04 Downlight, LED, max.1 × 5 W/500 mA, chrome incl. Driver unit, 500 mA, Wago Main and Emerg.

23 SP66 M Mirror luminaire LED max. 1 × 9 W/1.100 lm/830/230 V, trafo/shaver socket/switch Main

45 TI14 Charttable Light, LED, max. 1 × 3 W/230/12 V/50/60 Hz Main

8 TI14 Charttable Light, LED, max. 1 × 3 W/230/12 V/50/60 Hz dimmable incl. LED driver, LCBI 15 W 350 mA, dim Main and Emerg.

18 WL30 Q Wall-/reading light, LED, max. 1 × 1 W/110–240 V/50/60 Hz Main

28 WL282 Wall-/Bedlight, LED, max. 1 × 6 W/230 V/0/50/60 Hz, switch left Main

22 WL100 Q Wall-/reading light, LED, max. 1 × 1 W/120–240 V/50/60 Hz Main

32 KL/KR61 ZS Kitchen and coldroom luminaire, LED, max. 20 W/230 V/50/60 Hz Main and Emerg.

4 EX40 S Explosionproof luminaire, LED 22 W, 2100 lm/120–230 V/50/60 Hz, IP67, stainless steel housing, 2 M20
plastic cable glands, LP160 brackets Main and Emerg.
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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.

Qty Description Unitary
Power (W)

Main
Lighting

Power (W)

Emergency
Lighting Power

(W)

Escape
Lighting

Power (W)

148 TL Vario M, LED, 2200 lm, 230/0/50/60, IP66/67, M8 bolt, 2 × M20 PA 20 1980 980 0

6 TL Vario M, LED, 2200 lm, 230/0/50/60, IP66/67, M8 bolt, 2 × M20 PA, battery backup 3 h 20 0 0 120

32 TL53 S Technical luminaire, LED, max. 1 × 10 W/1.200 Lm/230/50/60 9 189 99 0

6 ST76 S Floodlight, LED, 1 × 25 W, 115/230 V0/50/60 Hz, 22◦ 20 80 40 0

15 ST76 L Floodlight, LED, 3 × 25 W, 115/230 V0/50/60 Hz, 52◦ 75 750 375 0

28 TL09 Watertight Luminaire, LED, 1 × 4 W/230 V/50/60 Hz, galvanized steel housing, 3 h
Battery backup 4 0 0 112

10 HL71 BU Sign Light, 1 W/230/50/60, IP20, 3 h battery backup 2 0 0 20

134 DL120 Downlight, LED, max. 1 × 18 W/230/50/60, RAL9016 clear glass lens 18 1602 810 0

28 DL120 Downlight, LED, max. 1 × 18 W/230/50/60, RAL9016 clear glass lens, DIM 18 342 162 0

8 DL120 Downlight, LED, max. 1 × 18 W/230/50/60, RAL9016 red glass lens 18 90 54 0

32 DL04 Downlight, LED, max. 1 × 5 W/500 mA, chrome incl. Driver unit, 500 mA, Wago 5 105 55 0

23 SP66 M Mirror luminaire LED max. 1 × 9 W/1.100 lm/830/230 V, trafo/shaver
socket/switch 10 230 0 0

45 TI14 Charttable Light, LED, max. 1 × 3 W/230/12 V/50/60 Hz 3 135 0 0

8 TI14 Charttable Light, LED, max. 1 × 3 W/230/12 V/50/60 Hz dimmable incl. LED driver,
LCBI 15 W 350 mA, dim 3 15 9 0

18 WL30 Q Wall-/reading light, LED, max. 1 × 1 W/110–240 V/50/60 Hz 1 18 0 0

28 WL282 Wall-/Bedlight, LED, max. 1 × 6 W/230 V/0/50/60 Hz, switch left 11 308 0 0

22 WL100 Q Wall-/reading light, LED, max. 1 × 1 W/120–240 V/50/60 Hz 1 22 0 0

32 KL/KR61 ZS Kitchen and coldroom luminaire, LED, max. 20 W/230 V/50/60 Hz 20 420 220 0

4 EX40 S Explosionproof luminaire, LED 22 W, 2100 lm/120–230 V/50/60 Hz, IP67, stainless
steel housing, 2 M20 plastic cable glands, LP160 brackets 22 66 22 0

3.2. Economic Analysis
3.2.1. Results Without Implementation of the IEC 62034:2012 Standard

This section considers the cost of the lighting fixtures, installation (including wiring),
and ongoing maintenance required to keep the system fully operational.

The lighting fixtures are those indicated in Table 4. The prices can be taken from the
manufacturers’ price lists, according to which the total amounts to 122,332 EUR, of which
10,014 EUR corresponds to the 44 LED escape lighting luminaires with no DALI driver.

With regard to installation costs, a cable of Section 3 G1.5 was considered. For an aver-
age of 25 m of cable per luminaire and 44 luminaires, a total of 1100 m of cable is required.
Based on the average market prices, the unit cost was estimated at 3.93 EUR/m [30], which
makes a total cost of the cable of 4323 EUR.

Based on the above data, the initial investment amounts to 14,337 EUR. The next step
is to calculate the cost of maintenance. For this purpose, the following non-automated
maintenance procedures are necessary.

• Functional test: To verify that the lamps are powered by the battery source and that
the batteries recharge correctly following the test.

• Duration test: To ensure that the luminaires remain illuminated for the full rated
duration and that the batteries are properly recharged after the test.

The steps below describe the standard manual testing procedure carried out:

1. Individually simulate a mains power failure for each escape luminaire;
2. Ensure that each escape luminaire operated on battery power for the full duration of

the test;
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3. Restore the main power supply;
4. Ensure that the battery of each luminaire is being properly recharged;
5. Manually document the test results in the logbook, specifying all faults encountered

in detail;
6. Carry out corrective maintenance if required.

Based on the aforementioned information, a rate of 1.25 h per year and escape lumi-
naire was estimated. Accordingly, the total is 44 luminaires × 1.25 h per luminaire per year,
resulting in 55 h per year. Regarding the hourly rate, there is no universally fixed or officially
published hourly rate for marine surveyors, as remuneration varies depending on factors
such as geographic location, level of experience, and area of specialization. Certain industry
sources provide indicative average rates between approximately 25 and 50 EUR [31–33].
Taking this into account and estimating, for example, an average rate of 37.5 EUR/h, the cost
of the non-automated procedures amounts to 55 h/year × 37.5 EUR/h = 2063 EUR/year.
Estimating an expected useful life of 10 years for the LED vessel, the maintenance cost for
the escape lighting is 2063 × 10 = 20,625 EUR.

3.2.2. Results with Implementation of the IEC 62034:2012 Standard

In addition to the initial investment calculated in the previous section (14,337 EUR), in
order to comply with the IEC 62034:2012 standard, it is necessary to make the following ad-
justments.

• Modification of the luminaire: Each luminaire must replace its current driver
with a DALI-compatible driver and modify the input and output connectors from
3 to 5 connectors per cable. According to the information provided by LIGHTPART-
NER LICHTSYSTEME GMBH & CO. KG, the additional cost per luminaire is
27.37 EUR. Therefore, for a total of 44 luminaires, the estimated cost increase for
the luminaire modifications is 1204.28 EUR.

• Wiring modification: Two additional cores must be added to each cable for the
DALI bus; therefore, the cable to be installed should be of type 5 G1.5. With an
estimated unit cost of 5.54 EUR/m [34], the increased cost of the installation is
(5.54 EUR/m − 3.93 EUR/m) × 25 m/luminaire × 44 luminaires = 1771 EUR.

• DALI controller: Table 5 shows the devices that must be installed in the electrical
switchboard for DALI bus control. The unit costs indicated in this table were obtained
from actual project budgets. As can be seen, the total cost of the devices indicated in
the table amounts to 3146 EUR.

• Programming hours: A total of 30 h of programming are allocated for the configuration
and control of the 44 emergency luminaires. Based on an average hourly rate of 35 EUR
for the programmer, the total estimated programming cost amounts to 1050 EUR.

• Training: One of the key advantages of adopting DALI technology is that it is an open
and standardized system widely used and supported by numerous users worldwide.
The estimated cost for training is 600 EUR.

Table 5. DALI control devices.

Qty Unit Description Unit Cost (EUR) Total Cost (EUR)

1 Ud Basic CPU 861 861

1 Ud 512 MB microSD card 14 14

1 Ud 16-channel digital input terminal 24 V DC 78 78

1 Ud 16-channel digital output terminal 24 V DC, 0.5 A 84 84

1 Ud DALI 2 multi-master and power supply terminal 263 263
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Table 5. Cont.

Qty Unit Description Unit Cost (EUR) Total Cost (EUR)

1 Ud Bus end terminal 11 11

1 Ud Multi-touch built-in Panel PC CP22xx-0030 1339 1339

1 Ud Power supply 230 Vac/24 Vdc 10 A 161 161

2 Ud Circuit breaker 2 × 10 A 14 28

5 Ud 24 Vdc relay 9 46

7 m Internal cable 1 9

8 h Labor 24 192

PA ud Small terminal 60 60

TOTAL 3146

Table 6 presents a summary of the cost increase resulting from the implementation of
the IEC 62034:2012 standard.

Table 6. Increase in the initial investment.

Description Total Inversion (EUR)

Modification of the luminaire 1204.28

Wiring modification 1771

DALI controller 3146

Programming hours 1050

Training 600

Total 7771

By applying this standard, real-time information on the operating status of each
luminaire and driver is available, enabling any failure (communication, lamp failure, power
failure, or driver failure) to be constantly analyzed automatically (in addition to the tests
carried out) without human intervention. A unit maintenance cost of 5 h/year × 37.5
EUR/hour = 187.5 EUR/year is estimated. This cost includes the preventive maintenance
of the PLC and HMI, as well as the potential replacement of any damaged equipment
(plug-and-play system). Therefore, the estimated preventive maintenance cost throughout
the useful life of the LED is 187.5 × 10 = 1875 EUR.

Other costs, such as corrective maintenance of the luminaires or battery replacement,
have not been taken into account, as these are identical for both the manual and automated
systems. As DALI is an open protocol, no license fees are incurred for the use of DALI-
related software or libraries.

NPV calculation:
To calculate the NPV, the aforementioned 7771 EUR initial investment was used.

Regarding the expected annual savings, this is the result of subtracting the 2062.5 EUR/year
corresponding to the case without implementing the standard from the 187.5 EUR/year
resulting from implementing the standard. The resulting difference is 1875 EUR/year. A
useful life of 10 years and a discount rate of 12% were considered. Using these data, the
year-by-year breakdown of investment is shown in Table 7. As can be seen in this table, an
NPV value of 3655.78 EUR was obtained. These computations were performed using the
EES software 10.833 with the following code:
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t = 12/100
N = 10
initial_investment = 7771
saving = 2062.5 − 187.5
cash_flow [1] = − initial_investment + saving
partsum [1] = cash_flow [1]/(1 + t)ˆ1

duplicate i = 2;N
cash_flow [i] = saving
partsum [i] = cash_flow [i]/(1 + t)ˆi
end

NPV = sum (partsum [1..N])

Table 7. Breakdown of investment year by year over the useful life.

Year (i) Saving (EUR) Cash Flow (EUR) Cash Flow/(1 + t)i (EUR)

1 1875 −6083.5 −5264.29
2 1875 1875 1494.74
3 1875 1875 1334.59
4 1875 1875 1191.60
5 1875 1875 1063.93
6 1875 1875 949.93
7 1875 1875 848.15
8 1875 1875 757.28
9 1875 1875 676.14

10 1875 1875 603.70
NPV (EUR) 3655.78

IIR calculation:
Taking the previous values into account, the rate at which the NPV is zero is 28.46%.
This computation was obtained using the following code:

N = 10
initial_investment = 7771
saving = 2062.5 − 187.5
cash_flow [1] = − initial_investment + saving
partsum [1] = cash_flow [1]/(1 + t)ˆ1

duplicate i = 2;N
cash_flow [i] = saving
partsum [i] = cash_flow [i]/(1 + t)ˆi
end

0 = sum (partsum [1..N])

DPBP calculation:
The discounted payback period is less than 6 years. It was calculated from the graphi-

cal representation of the NPV as a function of the project’s useful life, Figure 3.
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Figure 3. NPV against the useful life.

4. Discussion
The economic analysis clearly supports the implementation of the IEC 62034:2012

standard aboard the multipurpose vessel. The positive NPV of 5317 EUR indicates that the
investment will generate returns exceeding the required rate of return over the system’s
10-year lifespan. This confirms that the project is not only viable but also financially
advantageous in the long term. The IRR of 27.81% significantly surpasses the assumed
discount rate of 12%, reinforcing the conclusion that the investment yields a strong return.
This high IRR suggests that the project is resilient to variations in economic conditions and
would remain profitable even if the cost of capital were to increase. Furthermore, the DPBP
is less than five years, meaning the initial investment will be recovered well before the end
of the system’s useful life. This short payback period enhances the attractiveness of the
project, particularly for shipowners seeking quick returns and reduced financial risk.

Beyond the numerical indicators, these results have important practical implications.
The adoption of IEC 62034:2012 not only reduces maintenance costs by automating test-
ing procedures but also minimizes the risk of human error—an essential factor in emer-
gency preparedness.

It is worth mentioning the influence of certain parameters on the results. Firstly, it
should be reiterated that a discount rate of 12% was chosen. This parameter reflects a
combination of a risk-free rate, such as the return on Treasury bills, and a risk premium.
Together, these represent the minimum acceptable return for an investor. However, this
12% rate is not a universally agreed standard. Given the importance of the discount rate in
economic evaluations, a sensitivity analysis was conducted to assess its impact. Figure 4
shows how the NPV fluctuates across a range of discount rates from 0% to 30%. As
expected, the NPV declines as the discount rate rises. In this scenario, the NPV reaches
zero at the previously calculated discount rate of 27.81%. This indicates that any rate above
this threshold would make the investment economically unfeasible.

Other interesting parameters to analyze are maintenance costs, both with and without
implementation of the IEC 62034:2012 standard. A sensitivity analysis was performed using
maintenance costs with and without the implementation of the IEC 62034:2012 standard,
with the following ranges.

- Costs with the implementation of the IEC 62034:2012 standard: 1000–5000 EUR/year.
- Costs without the implementation of the IEC 62034:2012 standard: 0–1000 EUR/year.

The results are shown in Figure 5. As can be seen in the graph, the economic viability
of the IEC 62034:2012 standard effectively depends on the relative maintenance costs. The
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NPV would only become negative, and the investment would not be justified if the costs
without IEC implementation were extremely low and those with IEC implementation were
extremely high.
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Figure 4. Variation of NPV with respect to the discount rate.

Figure 5. Variation of NPV with respect to the maintenance costs with and without implementation
of IEC 62034:2012 standard.

Another interesting aspect is that autonomous emergency lighting systems with
manual preventive maintenance present a lower initial investment. However, over a
10-year period, their total cost is significantly higher, as evidenced in Figure 6, which is
based on the previously presented financial analysis.

This cost differential is attributable to the recurring annual expense associated with
preventive maintenance, which necessitates the manual inspection of the luminaires. To pro-
vide greater clarity, Figure 7 illustrates the proportional impact of the previously identified
cost components over the vessel’s estimated service life of 35 years.

In other words, when evaluating the cost on a per-luminaire basis, it may be concluded
that, over a 25-year period, the total system cost—including the initial investment and
preventive maintenance—would amount to 1966 EUR per luminaire under a manual
maintenance scheme. In contrast, implementing an automated prevention system would
reduce the cost to 652 EUR per luminaire. This yields a cost ratio of approximately 3:1 in
favor of the automated solution.
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Figure 7. Total cost by item during the service life of the vessel.

With regard to the extrapolation of results, the implementation of this type of system
is mandatory in the following cases:

• Vessels in which the emergency source of power is not automatically connected to the
emergency switchboard within 45 s;

• Vessels assigned the class notations Passenger Ship or Ferry.

Accordingly, any vessel not equipped with a fast-start emergency generator and
certainly, in any ferries, Ro-Pax vessels, cruise ships, ocean liners, offshore platforms, and,
in general, any ship certified to carry more than 12 passengers, is required by regulation to
be fitted with an escape lighting system. As a result, there exists a substantial number of
vessels for which the deployment of such systems is both applicable and necessary.

Regarding the potential implementation on other merchant vessels, this system could
be applied—under the same assumptions and conclusions previously outlined—to any
ship in which the emergency lighting is not continuously lighted up. In such scenarios,
the system would serve the dual function of emergency and escape lighting. While the
applicability may be more limited on vessels where either the normal or emergency lighting
remains continuously energized, the system could nonetheless be implemented to enhance
automated monitoring and control capabilities.

This system is also suitable for retrofit installation on existing vessels or offshore plat-
forms. The primary challenges associated with such implementation include the integration
of the DALI bus, the replacement of the existing driver with a DALI-compatible driver, and
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the limited number of cable glands available on typical luminaires (generally no more than
two). When utilizing the existing cabling infrastructure, it will be necessary to route addi-
tional wiring to a nearby junction box, where the new controller DALI driver or a gateway
can be installed to ensure DALI bus continuity. In cases where new cabling is deployed, it
should be specified to include the five conductors required for full system functionality.

5. Conclusions
The present work analyzes the implementation of the IEC 62034:2012 standard (auto-

matic test system for battery-powered emergency evacuation lighting) in an MPV vessel. As
some of the crew on these vessels are scientists, escape lighting is recommended for safety
and security reasons. Implementing the IEC 62034:2012 standard for automatic test systems
governing battery-powered emergency escape lighting considerably enhances the safety
and operational efficiency of multipurpose vessels. Real-time monitoring and management
of escape lighting systems, enabled by this standard, ensures reliability during critical
events and significantly enhances safety for 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 gained from this study have a broader
application than just the vessel analyzed, making them relevant to various types of mar-
itime operations that require effective escape lighting systems. Future research should
focus on evaluating the long-term impact of implementing the IEC 62034:2012 standard
across diverse marine environments, as well as investigating the integration of innovative
technologies, such as intelligent lighting controls and renewable energy sources. This
proactive approach will enhance both safety and sustainability in maritime operations.
Ultimately, effectively adopting the IEC 62034:2012 standard is a significant step forward
in maritime safety and highlights the need for ongoing investment in safety technologies
within the shipping industry.
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