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Abstract : 
 

The owners and operators of cruise liners face difficulties as a result of steadily rising 
fuel prices. The topic of CO2 reduction is also being considered in the field of sea 
transportation representing a major problem of climate change which has become a 
top priority in Europe, and is being increasingly recognized by the US. This study 
examines how the lighting systems on board a vessel affects the energy balance, costs 
and overall energy savings. The main objective is to suggest a retrofit scenario and to 
calculate the potential electricity saving, the payback period, and the potential 
environmental benefits. In the same way, currently installed lamps and lighting fixtures 
are roughly evaluated and possible optimizations are discussed. 
It is possible to obtain significant savings by re-equipping luminaries and employing 
alternative, energy-saving bulbs that preserve the light quality and luminous intensity. 
On the basis of the information gathered during the analysis, the size of these energy 
and financial savings will be estimated in this article. This study concludes with 
projections of possible changes in ship lighting. 
 
Keywords: LED Consumption, Energy Saving, Fuel Saving, Ship Lightning System, Retrofit 
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INTRODUCTION 
 

Various aspects need to be taken into account in order to decide which lighting systems are 
required as primary lighting source onboard. On a ship, for example, many power systems with 
different voltages are employed and there are also different requirements for light intensity and 
coverage.  
The power losses arising from the transformation of the voltage used at the end of this process 
must be considered as part of the power factors included in the consumption. Radiant heat input 
from the lamps must also be included when calculating the energy balance of a lighting system. 
Depending on the make-up of the ship, either the heating installation or the air conditioning 
system will require additional loading. The ships that operates primarily in warmer regions, 
will need to take in account the extra heat entry that affects the ship's energy balance. As the 
analyzed ship operates mostly in warmer climates as the Caribbean, the additional heat entry 
effects the energy balance of the ship negatively. 
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By switching towards more energy efficient lighting technologies, a considerable amount of 
energy could be saved [1].The study by Trifunovic et al. showed a potential energy saving of 
up to 27% in residential and 30%in the commercial sector [2]. The process of replacing 
inefficient light systems with more advanced and high efficiency systems are called lighting 
retrofits . Installing inefficient lamps means that most of the power input is dissipated as radiant 
heat and the remaining energy is absorbed by surfaces in the surrounding area as visible light, 
IR or UV radiation and converted to heat. Therefore, the heat emission of lamps in areas without 
daylight must be calculated according to the rated output of the lighting. 
For example, by replacing light bulbs with compact fluorescent lamps (CFL), the conversion 
of rated power to heat can be reduced by 75%.  
The replacement of incandescent lamps and the installation of electronic ballasts reduced the 
installed LPD (lighting power density) to 28.9 W/m2 and 19 W/m2 respectively, resulting in 
an average reduction of 15% and 22% respectively. The average energy savings and 
accordingly the CO2 emission reductions resulting from the installation of electronic ballasts 
was estimated to yield about 6.5% (min 4%, max 11%) and 12% (min 4%, max 19%) of the 
total final energy consumption [3].Thus, a large energy saving can be achieved.  
In addition, CFLs exhibit much greater durability and are structurally better suited to the 
physical demands of the ship (eg, vibration). Therefore, by replacing certain parts of the lighting 
system, there is an additional opportunity to reduce material and maintenance costs. 
 
PRESENT CONFIGURATION 
  

Currently, the ship almost exclusively use conventional fluorescent ballasts to drive 
fluorescent and compact fluorescent lamps. The ratio is approximately 80% conventional 
control gear (CCG) vs. 20% electronic control gear (ECG). ECG are only used in emergency 
lighting fittings. 
The main disadvantage of CCG is that these ballasts are of low efficiency and are therefore 
responsible for unnecessarily high power losses, which is also reflected in their low power 
factor. The power factor of an AC power system is defined as the ratio of real power to apparent 
power. Unlike a conventional ballast (inductive, 50 Hz), the electronic control (high frequency) 
has almost no phase change. This means that no adjustment are required. However, the sine 
wave power supply is distorted during operation of the electronic control unit. In general, these 
distortions are classified by the integers of the line (harmonic) frequency. The harmonic content 
of the line current is strictly specified by national and international standards (IEC 610003-2). 
All these losses can be reduced to a minimum by using electronic ballasts instead. An optimized 
voltage supply can lead to further savings in less heat energy and better performance of the 
connected lamps, including longer life and better light quality.  
Because potential energy savings come with a reduction in fuel consumption, in time of increase 
of fuel prices, it seems reasonable to evaluate and optimize the energy efficiency of energy 
consuming systems.  
As of this document, the power requirements of the lighting system on the vessel are to be 
determined. The comparison of current lighting with an alternative model of an optimized 
version of the applied lighting system and a new concept aims to provide conclusive 
information on investment and operating costs.  
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Ship Facts : 
 
Type: Passenger vessel 
Built: 2012  
Decks: 10 
Length: 275 m  
Staterooms: 950 
Width: 31 m  
Passengers: 1800 
Gross Tonnage: 81,402  
Crew: 905 
Total no. of lamps: 9669 
Total Watts: 261.971 
 
CONSIDERATION OF THE ACTUAL OPERATING TIME 
 

When determining energy consumption special attention must be given to the actual 
operating times of the luminaires. Only all public and nonpublic areas inside are operated 
continuously for 24 hours. 
With a combined energy generated of approx. 50 KW, the exterior lighting is naturally used 
only about 4000 hours over the year. The annual burning time of the cabin and private bathroom 
lighting can be assumed to also be less as most of the passengers sojourn to the public areas of 
the ship or even are on shore leave for the largest part of the day.  
If the passengers should use the lighting longer than the assessed actual operating time of 2000 
hours, then the economic advantage shifts in favor of the energy-saving lighting, which gives 
additional authorization to the optimizing of an existing lighting system. The main focus of this 
analysis is on the potential energy savings in 24-hour-a-day areas, which are mainly indoor 
public spaces and non-public spaces. 
The lighting of non-public spaces, such as corridors and engine rooms, works 24 hours a day 
and the main equipment is fluorescent lamps: 1x18W, 2x18W and 2x36W.  

 
ENGINE ROOMS  

There are 1700 fixtures with 2x36W lamps used in the engine rooms. About 70% of the total 
1700 lamps  are not used as emergency lighting and are powered by two standard ballasts and 
two switches. A system of lamps with two conventional ballasts and two switches is 
approximately 86 W. For comparison, a fixture with only one electronic ballast consumes 70 
W. This is a difference of 16 W per luminaire without the power losses caused by the power 
factor difference which is about 3 W.  

The total calculation for lamps is as follows:  

Total consumption = �𝑃𝑃2 + 𝑄𝑄2 + b , where b is the ballast wattage. 

 
So in total this difference is 28W per device.  
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Figure 1. Engine room retrofit savings 

The difference in lamp power is due to the different operating conditions of CCG (conventional 
control gear) and ECG (electronic control gear) . They primarily refer to current-limiting 
control gear (chokes) and starters, i.e. ignitors, required to operate discharge lamps but also to 
transformers required to operate low-voltage halogen lamps. Inductive control gear devices are 
available either in conventional (CCG) . They sometimes require an additional ignitor or starter. 
Electronic control gear (ECG) work without any additional ignitor and prevent annoying 
transformer hum or stroboscopic effects [4]. 
The ECG operates the lamp under gentle conditions which reduce the output and increase the 
lifetime.. In addition, the electricity consumption of the ECG  is 60% lower than that of the 
CCG.  Energy saving is up to 70-80% with two lamps. Other advantages are the extended 
lifetime of the bulb (7000 hours) and better light quality. Because the ECG operates at a high 
frequency, the human eye cannot see current fluctuations [5]. When using the CCG, the light 
alternates at an operating frequency of 50-60 Hz, which the human brain can still use and cause 
fatigue and discomfort when exposed for a long time or even working under such conditions. 
By replacing the set of CCGs and starters by just one ECG the annual savings for the 2x36W 
fixtures are 14531 USD – not including the additional investment. When including the benefits 
of higher lifetimes, the annual savings are higher. To reduce stock and guarantee an 
homogeneous light color impression, the light colour used should be at least 4000 Kelvin, 6500 
Kelvin are recommended.  
The currently installed lamps are furthermore with deluxe triphosphorous coating – which is 
not necessary for engine rooms where a regular triphosphorous coating is sufficient and also a 
lot less expensive. 
 

CREW AREAS, ENGINE CONTROL ROOM, GALLEYS AND CORRIDORS 
 

In the crew areas, engine control room, galleys and corridors mainly 2x18W fittings are used, 
in total approximately 2800 pieces. Again approximately 70% of these luminaires which are 
not used as emergency lighting are operated with two conventional ballasts and two starters. 
The system wattage of these luminaires is 50W. In comparison, the system power of the 
luminaires which are operated with just one electronic ballast is 38 W. This is a difference of 
12 W per luminaire not including the power losses caused by the difference in power factor. 
These power losses are roughly 22 W. So the real power consumption is 58W compared to 38W 
which leaves a difference of 20W. This equals savings of 17365 USD per year (fig.4) – when 
including benefits from higher lifetimes the total savings are higher. The additional investment 
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is not included in this calculation as well as the increased lifetime from 13000 hours to 20000 
hours. The light colour recommended would again be minimum 4000 Kelvin, if possible 6500 
Kelvin. 
 

 
Figure 2. Auxiliary areas retrofit savings 

 

 

Figure 3. 2x18W fittings in the galley area 

 

There is still opportunity for improvement in the engine control room's illumination particularly 
for this application where there is limited access to natural light and demanding physical and 
mental high-quality lighting is necessary for performances since it increases contrast and 
minimizes visual fatigue. The fixtures that are now in place include traditional ballasts, which 
have, for once, a detrimental impact on concentration due to the lamp's operating at 60 Hz. and, 
on the other side, wrong color because 4000 Kelvin light bulbs were installed. 
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In order to meet the requirements of this unique application the ship should use for  example 
lamps which provides 8000 K of color temperature, which is extremely close to natural 
sunshine, provides a 1.0 circadian factor (warm white lightcolours: 0.36; cool white: 0.6). 

 

 
Figure 6: Fittings in the engine control room 2x18W 

 

 
PUBLIC AREAS 

In the crew corridors mainly 1x18W fittings are used – roughly 500 pieces in total. Again 
the same ratio between emergency lighting and regular lighting applies. This leaves 400 pieces 
of luminaries with a saving potential of 1800 USD. 
The lighting in the indoor public areas like hallways and public rooms is operating 24 hours a 
day. 
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Figure 7. Fittings in the public areas 2x18W 

 

The stateroom corridors are illuminated with 137 CFL fixtures containing at least 300 MR16 
luminaires. Additionally in other public hallways around 250 MR16 are used. This means 822 
compact fluorescent lamps operated with conventional gear with annual savings of 
approximately 5040EUR, the detailed calculation is listed below. The  MR16 lamps are 
standard lamps, when replacing these with MR16 with IRC technology the savings will add up 
to 5000 USD.  

 
Figure 9: Cost Structure for the replacement of CCG with CFL 
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Figure 10: Development of costs for the replacement of CCG with CFL 

 
 
 
POSSIBILITIES FOR THE SEA SERVICE LIGHTING IMPROVEMENT 
 

A major improvement which is not entirely related to energy savings is the usage of the 
electrodeless lamp types as a replacement for the halogen overboard sea servicelighting. The 
problem when using an halogen lamp is that the filament is very sensitive to the ships vibration 
and breaks very easy what causes the lamp to fail. These problems do not occur when using an 
electrodeless lamp.. The principle of the electrodeless lamp works by inducing current into the 
lamp through electrical coils around the outsideof the tube. Due to this electrodeless operation 
there are no electrodes or other internal electrical components to fail, which leads to an 
extremely long service life of 60,000 hours. 
For example the Osram Endura lamp has a very high resistance to shock and vibration and 
needs for the same lumen output only 107W system wattage. The technology offers immediate 
light (< 0,05 s) and rapid run-up and reliable starting at temperatures as low as –40 °C; 
furthermore hot restart is possible. So overall this solution which is outstanding in its reliability 
and durability will increase the safety and also the energy efficiency significantly. 
Nonetheless the savings in energy are not the important part in this installation as the operating 
time of the sea service lighting is approximately in the region of 100 hours per year. The 
significant change would here be the increase of the reliability of the entire system. This means 
that ENDURA is a truly ‘fit and forget’ light source – also ideal for installations where 
accessibility for maintenance is difficult and costly, such as in machine and storage rooms. 
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SUMMARY AND PROSPECT 
 

The results of this paper suggest that significant cost savings can be achieved through the 
use of energy-efficient lighting solutions on board cruise liners. By determining the connected 
load of the lighting system and gathering information on the number of luminaries and installed 
lamps in areas where most savings were estimated, the author was able to calculate the annual 
energy consumption of the lighting system and estimate possible savings of almost $46,000 per 
year.The economic benefits were investigated based on a fuel price of $0.05/kWh and a 
coefficient of performance of the air-conditioning system of 4.0.  

If reequipping the existing system, the substantially higher capital expenditures in terms of 
installation costs, additionally needed ballasts, etc. had to be considered and compared with the 
currently installed light assembly. It was determined that the payback period for these costs 
would be approximately 20 months, after which annual savings of $45,700 would be obtained. 
Additionally, the author noted that there may be further cost savings from decreased 
maintenance and air-conditioning costs.It is important to note that we did not include the cost 
of wages and additional materials in their calculation of profitability. They suggest that these 
costs should be added by the operator to fully evaluate the economic benefit. Additionally, the 
study is based on the assumption of a fuel price of $0.05/kWh and a coefficient of performance 
of the air-conditioning system of 4.0, which may not reflect the current situation and may affect 
the result. Beyond that, further costs will be saved by decreased maintenance and 
airconditioning costs.  
 
 

Table 1. Total cost savings 

 

 
FUTURE POSSIBILITIES RECOMMENDED  
 

The modernisation of the lighting onboard, relative to the suggested alterations, is 
economically positive, despite some higher installation costs.  
This applies both to the optimisation of a lighting system already installed and to possible new 
installations. It is evident from this study that the stated re-equipment options offer potential 
for even further energy savings in the future.  
For example, within the parameters of the regulations of the classification societies and co-
operatives such as SOLAS[6], movement alarm units or door switches in non-public areas could 
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be incorporated temporarily, in poorly frequented areas. The employment of appropriate 
ballasts to de-activate a single lamp per luminaire in times with hardly any passenger activities, 
for example 1 AM to 6 AM, could all be considered very profitably.  
At the same time however, the subjective feeling of the passengers regarding the noticeable 
illumination level must not be affected negatively. 
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