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EXECUTIVE SUMMARY

In support of Executive Order 13514 and Department of Homeland Security efficiency initiatives, the Coast
Guard has a goal for its facilities and cutters to reduce greenhouse gases, energy consumption and expenses.
One method being considered is retrofitting existing interior shipboard fluorescent lighting fixtures with
energy efficient Light Emitting Diode (LED) technology. This study was commissioned to evaluate this
potential energy savings concept using three approaches. The first approach was to review the U.S. Navy’s
transition from fluorescent shipboard lighting to LED lighting. The second approach was to conduct lighting
surveys on two U.S. Coast Guard Cutters, one having legacy fluorescent lighting and the other having
experimentally transitioned to LED lighting. The third approach was to construct a detailed cost model
tailored to U.S. Coast Guard Cutters and operations to provide estimations of energy savings, consequent
operational cost savings, and technology payback period with a transition to LED lighting. Throughout the
effort, recognition was given that Cutter lighting is associated with human factors and that the selection of
an energy saving light technology must continue to support the human systems user with appropriate
lighting intensity, color rendering, and overall appearance.

The U.S. Navy determined in 2001 that legacy lighting was expensive and accounted for a significant
portion of the ship’s fuel consumption. Thus, the U.S. Navy has made its decision to pursue transition to
LED lighting based upon the rising burdened cost of fuel and trending data showing that LED lighting is
becoming less expensive. The Office of Naval Research funded LED development projects, and the Naval
Postgraduate School developed business cases demonstrating the value of transitioning to LED lighting on
Navy ships. A large refitting project was begun in 2009 to convert many Navy vessels to LED lighting by
2014. In addition to fuel cost savings, an important factor in the USN decision to transition to LED lighting
is the resulting reduction in carbon emissions, a move to “green” operations.

The CG study team conducted two lighting surveys. A lighting survey conducted on the CGC IDA LEWIS
(WLM 551) measured illuminance from legacy fluorescent lighting. A lighting survey conducted on the
CGC MACKINAW (WLBB 30) measured illuminance from COTS LED lighting in corresponding ship’s
spaces. Although the power consumption of LED lights is about one-half that of the fluorescent lights, the
illuminance values were generally much higher for the LED lights. The LED lighting provided even, bright
illumination without harshness or tinting. Improvement in color balance was explained by the increased
broadband spectrum of the LED light compared with the narrow band spikes of the fluorescent light. The
study team concluded that the LED lighting quality was comparable, if not better, than fluorescent lighting.

A cost model was created in Microsoft Excel comparing the life cycle costs of alternative lighting
technologies with the life cycle costs of the baseline lighting technology, fluorescent lighting. Calculations
included upfront investment costs, component replacement costs, and power consumption costs.
Configurations of the alternative lighting technologies included the fixture, lighting bulbs/strips, backup
power devices, a driver card, and peripheral material such as wiring. The model included factors that were
specific to a lighting technology such as the type of light, fixture cost, life expectancy of the specific bulb,
power consumption of the type of light, and disposal costs. Other factors were associated with all the
lighting technologies and included factors such as labor cost, annual light usage, and cost of electrical power
in the same operating area.
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The cost model yielded key performance results such as upfront/initial investment cost, payback period for
the alternative lighting technology, estimated total savings, and the Net Present Value of the savings spread
over the years of vessel use. A sensitivity analysis of the cost model was conducted for a notional WMEC
class vessel with its homeport in Key West, Florida. Cost model factors such as price of electricity, life of
vessel, light usage, labor rate/hours to install LED lights, LED life expectancy, and power consumption of
lighting fixture were each varied by incremental changes of 10% over a range going 50% either side of
nominal. The factor sensitivity analyses determined how much the payback period, estimated total savings,
NPV of the estimated total savings, percentage savings in labor hours, and percentage in annual power
consumption reduction would be affected by variations in these factors.

Key results of the WMEC 270 class analyses included (30 years of vessel life assumed):

e The estimated payback period for MILSPEC LED installation was approximately 8.5 years.

e Though the MILSPEC LED installation is more expensive than commercial off the shelf type LEDs,
a 30 year cumulative savings of approximately $400,000 per vessel was seen even with 50%
increases in expense factors.

e The most significant effect on estimated total savings determined by the factor sensitivity analyses
were Bulb Power (Energy) Consumption, Number of Fixtures, and Cost of Power At-Sea

e A 30% decrease in Fixture Purchase Cost lowers the payback period to 6 years. A 30% decrease in
Bulb Power Consumption lowers the payback period to 7 years. Inversely, a 30% increase in Fixture
Purchase Cost or Bulb Power Consumption, the payback period rises to approximately 10.5 years.

Based upon researching the USN transition to LED lighting, the lighting surveys conducted on CG Cultters,
and the results of the cost model runs, the following recommendations can be made:

e LED lighting should be installed on all new construction Cutters.

e Any cutter having more than 10 years of service life projected should be considered for re-fitting to
MILSPEC approved LED lighting. MILSPEC lighting will not produce the savings of commercial
off the shelf LED lighting; however, the additional testing and measures taken to reduce unwanted
electrical noise (dirty power) on the ship’s circuits makes this lighting option preferred until
commercial lighting becomes more standardized.

e The return on investment will be greater in the areas having high electricity prices. Testing or
implementing LED lighting transition should be applied to such areas first.

e A good candidate for a test platform is the 140 WTGB because the planned SLEP for this platform is
imminent and a current line item for project execution is LED lighting.
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1 BACKGROUND

In support of Executive Order 13514 and Department of Homeland Security efficiency initiatives, Coast
Guard facilities management and cutter crews have recommended reducing energy consumption and
expenses by retrofitting existing interior fluorescent lighting fixtures with energy efficient Light Emitting
Diode (LED) technology. In recent years, LED lighting technology has matured rapidly, enabling
mainstream applications that promise long-term life, vibration resiliency, significant energy savings, and
reduced hazardous materials (HAZMAT) disposal when compared to legacy lighting technologies. The vast
majority of Coast Guard energy efficiency efforts have focused on shore side installations. However, this
narrow focus on shore-side facilities should be expanded to acknowledge that a cutter moored to a Coast
Guard pier draws more power from the same energy grid than a comparable shore side facility. Most large
cutters are drawing power from a shore-side energy grid for at least 180 days per year (Enclosure (2)
COMDTINST 3100.5B), with patrol boats typically requiring shore side energy for up to 273 days per year.
In most cases, these cutters are outfitted with older style electrical gear and lighting, resulting in a
significant energy demand from the shore-side grid.

Although LED lighting technology costs per unit are higher than traditional fluorescent or incandescent
units, LED lifespan is reported to be, at minimum, 3-5 times longer than the fluorescent units. Additional
savings with LED lighting are realized in reduced time spent in personnel changing the lamps, costs
associated with fluorescent lighting ballasts that often require replacing (and can be a fire hazard), and the
HAZMAT disposal required for fluorescent bulbs that contain mercury.

The U.S. Coast Guard Research and Development Center (RDC) initiated a cost model study of the
potential use of LED lighting on CG cutters. The development of the CG cost model began with a review of
USN evaluations of such lighting for use on their ships. In conducting this review, several LED
manufacturers were contacted to obtain updates to their technologies and current price schedules. RDC used
its photometric laboratory expertise and equipment for lighting surveys on cutters having either fluorescent
or LED lighting. These surveys provided first hand spectral characteristics of the lights, data on efforts
required for LED fixture conversion, and direct experience with the visual experience of LED lighting on
cutters. Though the primary effort driving the report was the cost model, these additional efforts were taken
to validate the feasibility of LED retro-fitting and to acquire data, not otherwise available, to feed the cost
model.

1.1 Review of U.S. Navy Lighting

There has been no lack of attention by the USN towards the potential and benefits of using LED lighting
instead of legacy fluorescent lighting on USN ships. Even a cursory effort to identify USN generated
evaluations finds considerable study in academe (Naval Postgraduate School), in the research community
(the Office of Naval Research), in program offices at Naval Surface Warfare Center, Carderock Division-
Ship Systems Engineering Station (NSWCCD-SSES), and among commercial product providers to the
USN.

At the request of the Director of Innovation at the Office of Naval Research (ONR), the Naval Postgraduate
School (NPS) directed work to examine the USN’s implementation of innovation (Freymiller, 2009). Cizek
(2009) directed his master’s these towards a business case analysis comparing the life cycle costs of LEDs
with current fluorescent overhead lighting. His findings were that cost savings to the USN would result from
reduced energy demand and reduced maintenance requirements for LED lighting.
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Cizek’s thesis (2009) cites several key studies considering LED lighting for USN ships. As early as 1997,
LED lighting was reviewed by the Navy’s Affordability Through Commonality project; however, it was
dismissed because the designs at the time did not produce acceptable levels for shipboard illumination
(Gauthier & Green, 1997). Another analysis (Lovins, 2001) observed that the energy waste found on USN
ships accounted for approximately one-third of the ship’s fuel consumption. They claimed that lighting was
a significant contributor to this waste. Further studies cited by Cizek (2009) viewed the reduction of
electrical energy waste as important in providing a greater energy reserve that could be applied to new
combat systems and reduce overall operating expenses as fuel costs continue to increase (DoD, 2008). With
the development of Military Specifications in solid state lighting design and use (NAVSEA, 2008), the way
was made for standardization and an accelerated implementation of LED lighting on USN ships.

The guiding premises of Cizek’s work (2009) were that the USN needs to reduce its total cost of ownership
(TCO) of its fleet platforms and that newer technologies, such as LED lighting, could provide important
savings to the USN as it attempts to move towards more economical ship design. His research questions
centered around (a) the costs and benefits of LED lighting installation on USN ships and (b) the
organizational impediments to implementing LED lighting.

Cizek (2009) claimed that newer LED lighting technology is “the most energy-efficient light source
available” using “85% less energy” and lasting “thirty times longer than incandescent bulbs” (p. 4). When
compared with compact fluorescent lighting, “LEDs use half as much energy and last almost five times
longer.” Given these savings, the ideal customers for LED lighting are those who need constant, 24 hour
illumination and have to include the maintenance costs bulb replacement in their budgets. Citing the current
high costs of LED technologies, Cizek claims that LED prices are dropping due to increasing sales and that
current prices “are decreasing by 25% per year” (p. 5). He cited claims by the Department of Energy that, in
20 years, LEDs will comprise “70% of the general lighting market” (p. 5).

In a comparison of incandescent, fluorescent, and LED lighting on several performance variables, Cizek
(2009) offered the following observations (p. 7):

Table 1. Comparison of current lighting technology.

Performance Variable Incandescent | Fluorescent LED
Color Rendering Index 100 62-82 92
Color Temperature (degrees Kelvin) | 2700-3300K 4100K 2500-6000K
Efficacy (lumen/Watt) 12-15 50-100 60
Lifespan (hours) 1,000 10,000-20,000 50,000

The Color Rendering Index (CRI) is a measure of the trueness or accuracy of color appearance under the
light. Sunlight and incandescent light are indexed at 100. From Table 1, it can be seen that LED lighting
provides a higher CRI than fluorescent lighting, even approaching that of incandescent lighting. Fluorescent
lighting has a significantly lower CRI and has long held a reputation for distorting the appearance of colors.
Color distortion can be an important issue in workplaces where color-coded displays are used. The
appearance of lighting has been related to the Correlated Color Temperature (CCT). Lower CCT lighting is
often associated with “redder” or “warmer” whites; lighting with higher CCT values, such as seen in
fluorescent lighting, is frequently described as being “bluer” or “cooler.” These appearances have been
mitigated somewhat through the use of phosphor coatings on the lighting tubes. (It should be noted that
LED lighting comes in a wide range of CCT and that manufacturers trying to achieve Military
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Specifications to match fluorescent lighting have matched the LEDs at 4100K.) Efficacy values reported by
Cizek (2009) continue to improve for LED lighting with current values reported at 60. Efficacy values can
be related to the relative waste of input energy as outputted heat. This heat has to be managed for safety, to
prolong the operating life of the luminary, and to maintain comfort levels for persons in the lighted spaces.
The reported lifespan of LED lighting is much greater than that for fluorescent lighting and, with continued
technology improvements, is approaching 80,000 — 100,000 hours. This factor greatly reduces the
maintenance cost associated with changing failed bulbs.

Freymiller (2009) commented on the non-technical challenges to transitioning to LED lighting aboard USN
ships. With an already limited commercial market for LEDs, he observed that the requirement to meet
military specifications would drive the costs beyond market acceptability. He commented on three
approaches to reducing the costs of LED transition (or any technology transition). The first approach is to
wait until the technology is more mature, has a larger buying public, and shows a corresponding drop in cost.
Unfortunately, the USN requirement for LEDs to meet military specifications works against the “waiting”
approach. The market share of the military version of the LED will likely remain a niche product and costs
will tend to remain significantly higher than those of the general market. The second approach to reducing
the cost of technology is to buy in bulk. Although bulk purchases typically provide the greatest savings in
unit price, Freymiller posits that the volume of USN purchases of LED lighting for its ships might not be
sufficient to drive the costs down significantly. He also cited Fiscal Law and the bona fide needs statute that
limit the purchase of items in U.S. Government excepting for contracts properly made in the period. This
argument, however, seemed weakly supported in his thesis. The third approach to reducing costs that
Freymiller offered is to promote competition by having LED manufacturers compete to produce the most
cost effective LED technology and then awarding the winner with a large contract to convert the fleet over to
LED lighting. This approach has been successfully used with other technologies by many agencies.

It appears that, from the USN perspective, the clear advantage of LED over fluorescent lighting rapidly
moved beyond academic considerations. By the time Cizek and Freymiller completed their theses, Naval
Sea Systems Command had already committed to LED shipboard installations to be conducted over the
2010-2014 timeframe. The Naval Sea Systems Command (T. Garland, personal communication, November
22, 2008) published its approval notice of a supplement for military specifications for solid state lighting
(MIL-DTL-16377). This notice specified “Naval shipboard lighting fixtures and associated parts for both
new construction and in-service Fleet.” Citing the “reliability, durability, and cost efficient advantages” of
solid state lighting, this notice invited vendors who could meet the requirements to submit their test results
to the Naval Surface Warfare Center Carderock Division (NSWCCD) for an “approval for use” issuance
upon demonstrating that the requirements were met. This notice and the list of vendors to which it was sent
is included in Appendix A. Several vendors have produced innovative LED systems to make their products
beneficial to the USN.

Getting to the position that LEDs could be considered for replacing legacy bulbs has required some
investment by the USN. ONR and the Defense Advanced Research Projects Agency (DARPA) have
supported industry research to develop energy efficient LED fixtures to replace fluorescent bulbs on Navy
ships and submarines. One such company, Energy Focus, Inc., developed lighting that was qualified to
retrofit lighting on two USN destroyers (Energy Focus, 2011). Several lighting styles were produced
including the T-5 fluorescent fixtures found in berthing areas. The company claimed the 80% savings with
the LEDs would significantly benefit the USN that spends $.55 per kilowatt hour for electrical energy. The
company claimed that the resistance of the lights to vibration would add important benefits over either
incandescent or fluorescent bulbs.
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Another company that has invested in meeting the Navy’s requirements is 3M. They claim their efforts have
produced an LED that exhibits twice the efficiency of fluorescent bulbs, has a smaller form factor, and has
an 80,000 hour lifespan with a 500,000 hour mean time between failures for the LED power supply. The
savings in weight for their fixture can be 5 tons for 1573 fixtures over legacy fluorescent fixtures (3M
Defense, 2011).

Energy Focus, Inc. (2011) conducted LED lighting studies under contract to ONR and DARPA. Its products
are designed to replace T-5 and incandescent globe fixtures with LEDs at a savings of at least 80% of the
energy. One important bulb quality that Energy Focus concentrated on in their studies was to make the LED
bulb vibration resistant. The successes of their studies have led to U.S. Navy orders for ship relighting.

Improved LED efficiency has led to increased projected energy savings. In a Fleet Readiness Research and
Development Program (FRR&DP) project, the USN refitted approximately 4,000 LED fixtures and
calculated annual fuel savings of 857 barrels per ship for Arleigh Burke Class destroyers and annual savings
of 335 barrels per ship for Wasp Class dock landing ships (A. Vigliotti, personal communication, October
19, 2011).

Oxley, Inc. (Towman, J, personal communication, January 11, 2012) has produced the EFL series of
commercial lighting that they have been preparing for meeting military standards. This series was designed
to be powered by 110 VAC, 230 VAC, or 20-32 VDC using a self-contained universal driver. This product
also features several novel local and external dimming features. It claims an operating temperature range of
-40 to 158 deg F exceeding the lower temperature requirements cited in MIL-DTL-16377. With a color
temperature range of 4500-6000 deg K, a CRI greater than 70, and a LED efficacy >112 lumen/W, the
manufacturer reports this light as comparing favorably with fluorescents.

The L.C. Doane Company, with a lengthy history of providing military standard fluorescent lighting fixtures
and tubes, has developed a line of USN Military Specification LED lighting that is certified to meet the
MIL-DTL-16377/8 standards. This vendor has sold units to the USN for the transition to solid state lighting.

In summary, the USN supported LED technology studies and development through targeted ONR and
DARPA projects, studied the energy savings and reduced fuel costs resulting from transitioning away from
incandescent and fluorescent lighting to LED lighting, demonstrated these energy benefits in a FRR&DP
project, and continues to develop procurement and installation strategies for implementation with existing
and future vessels (Kristiansen, 2010).

2 U.S. COAST GUARD CUTTER POWER AND LIGHTING

The RDC conducted a review of current lighting status and requirements for CG Cutters. The USCG
specifies lighting to meet one of three standards: Naval Ships Technical Manual NSTM standard 330,
Illuminating Engineering Society IES standards for lighting or American Bureau of Shipping (ABS) Guide
for Crew Habitability on Ships. The use of these references for lighting is due to the different construction
times and builders of vessels in operational use in the CG.

Lighting installed in CG Cutters typically consists of 2ft and 4ft linear fluorescent bulb fixtures taking
several configurations and incandescent globe lights. This RDC report primarily considered the impact of
LED bulb technology replacement for linear fluorescent bulbs due to the large quantity of these lighting
fixtures in the fleet.
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2.1 Cutter Electrical Power Systems and Consumption

Electrical power for Coast Guard Cutters is either generated onboard or is obtained by connecting to shore-
based facilities when the Cutter is in port. Onboard generation is achieved through an amalgamation of
diesel engine driven equipment. Main shipboard power generation is at 450-480 Volts AC at 60 Hz.
Voltage is stepped down to 120V and further distributed to various circuits through the cutter. Cutter
electrical systems are required to meet the power standard MIL-STD-1399 section 300. This standard is
followed to ensure safe operation of all electrical equipment on-board and to reduce integration issues with
all other Cutter installed electrical equipment. Commercially generated power is delivered through a shore
connection ship’s bus to be stepped down and distributed through the ship’s systems.

Electrical power cost for shipboard electrical generation is dependent upon efficiency and overhead cost
associated. Fuel costs, engine size, and labor associated with maintaining engines and electrical distribution
factor into the cost of onboard electrical power generation. Energy audits of Coast Guard Cutters in 2011
determined a general price of $0.42 per KWH as a baseline (Alaris Companies, LLC, 2011). Cost of shore
power varies greatly from region-to-region and can range from $0.08 to $0.45 plus local peak demand
charges. Charges change based upon historical usage to program demand charges and demand ratchet
charges (Capehart, B., Turner, C., & Kennedy, W., 2008). When receiving shore power, Cutters are moored
to a large facility such as a Base Support Unit (BSU) or Sector, and all energy consumed is typically
bundled to one meter. Comparisons of regional power costs are available online (Eisenbach Consulting,
LLC., (2011). Electricity Prices by State — National Electric Rate Information. Accessed January 11, 2012,
from http://www.electricchoice.com/electricity-prices-by-state.php).

The use of onboard electrical power generation or commercially supplied electrical power is largely a
function of whether the Cutter is underway or at port. Cutter schedules are based upon availability of
resources and missions. Vessels are underway approximately 185 days per year thus leaving 180 days in-
port typically connected to a commercial power source (Enclosure (2) COMDTINST 3100.5B). In many
cases, however, the Cutter will use its diesel generators to produce its own power even when at port. These
circumstances usually result when the facility does not have the capacity to deliver the amount of power
needed by the Cutter or when there is no formal agreement available to purchase the power.

Electrical power is consumed by a variety of components on the Cutter. Sensor systems, information
technologies, air conditioning and heating, galley appliances, and lighting are heavy consumers of electrical
power. Additionally, electrical power is needed for propulsion systems (e.g., propulsion exciters, salt water
pumps, lube oil pumps, and bilge systems). Crew members consume electrical power through the use of
devices such as flat screen televisions, personal computers, music players, shavers, and hair dryers.
However, a significant amount of electrical power aboard the Cutter expended in energizing ship’s lights.
Lighting is typically left on inside compartments of the ship 24 hours per day during in-port. While cutters
are underway lighting is dimmed to night lighting from sunset to sunrise based on the location of the Cutter.
Electrical lighting load is on average 7-14% of the Cutter’s electrical load (Alaris Companies, LLC, 2011).

All items integrated into the ship’s energy system contribute to the ship’s overall power demands and
quality. Integration of new energy components to the Cutter need to be taken into consideration.
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Large cost savings can be obtained by reducing electrical power consumption in-port and while at sea. The
U.S. NAVY lighting decision for converting to solid state lighting used underway cost of power generation
as the main cost savings measure (NAVSEA SSL presentation 08). Utilizing maintenance, power
consumption, replacement parts, and disposal costs, LED lighting return on investment cost over legacy
lighting are reduced dramatically. Early indications suggested that installation of energy efficient lighting
alternatives could save up to 50% of this load or change the lighting load consumption to 3.5-7%.

2.2 Cutter Lighting Designs

Lighting installed in CG Cutters is primarily 2ft and 4ft linear fluorescents with several configurations and
incandescent globe lights. These “legacy lights” are often referred to by their configuration listings. These
lighting systems are classified differently by manufacturer, and encompass incandescent and fluorescent
fixtures. Shipboard lighting fixtures fit into three different categories: (1) MILSPEC fixtures meet MIL-
DTL-16377H. These products are robustly tested to meet rigorous standards for shock, vibration, impact,
electrical interference, illumination, and wet/harsh environmental conditions. (2) Marine grade lighting is
corrosion resistant and weatherproofed. There is no single definition for marine grade in terms of
requirements industry must follow. It is a generalized term and testing to different standards can qualify as
marine grade. The following are some different industry standards use to claim marine grade products:
Underwriters Laboratory UL1598A-Marine, ABS, Canadian Electrical Code (CEC) and the National
Electrical Code (NEC) Type 4X, suitable for outdoor corrosive environments. (3) General lighting refers to
any lighting fixture available commercially off the shelf (COTS). As suggested by the categories, these
lights differ relative to ruggedness and marine environment use.

Engineering plans for lighting placement are based upon amount of space in a compartment and the
designed use of the lighting. Light output from the fixture is then taken into consideration and the height or
distance the light will be from the task area. Coast Guard Cutters require several types of lighting to operate
during any night and day conditions. All of the linear fluorescent lights on the cutters have T12 bulbs with
older magnetic ballasts. Current interior lighting is calculated during the building phase of the Cutter and
the number of fixtures is generally related to the length of the vessel. Larger vessels require more interior
lights. Unfortunately, many ships’ configuration data are lacking. Lighting is listed on some cutter classes
as one line item with the quantity of one. Some general examples are 270° WMEC have 1774 Lighting
fixtures. The newer 157° FRC has 1592 fixtures installed.

For illustration, lighting calculations for a specific compartment may require three fixtures for the
appropriate luminance levels, but due to space configuration, all installed lighting may be found on one side
of the compartment to accommodate other furnishings taking precedence. Seawater piping, fire main,
pneumatic piping, and cable runs are installed in the overhead with the overhead lighting fixtures installed
to one side of the bow thruster space. Such installations may not be faithful to the ship plans. Such physical
placement of lighting results in light and dark areas within different areas of the ship.

Included in the Cutter lighting design is the requirement for a replacement parts space for bulb and ballast.
Due to the relatively short lifespan of fluorescent lighting and the environment, multiple spare parts need to
be carried with the Cutter. Additionally the HAZMAT concerns associated with fluorescent lighting require
all ballasts (possible PCB source) and used lamps (mercury vapor source) to be recycled. Larger ships with
longer operational periods carry more spares, taking more space. To increase efficiency the use of Cutter
spaces, lighting could be replaced at set schedule to negate possible failures but this approach also increases
frequency of lamp and ballast change outs and drives up the overall cost of the lighting system.
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2.3 Engineering Considerations with Lighting Technologies

System performance varies across lighting alternatives. Table 2 provides comparisons in performance
elements that are important to the CG in Cutter operations:

Table 2. Comparison of lighting technologies.

Performance Element Incandescent Fluorescent LED
Life Span (average) 1,200 hours "8,000 hours ~50,000 hours
Power Consumption 60 Watts 18 - 40 Watts 6 — 22 Watts
HAZMAT Consideration No Yes No
Sensitivity to Low Yes — under negative

Some o None
Temperatures 10°F
Sensitivity to Humidity Some ngher_fallu_re rate in No
humid climates
Sensitivity to On-Off Cycling Some Yesl_— reduced No Effect
ifespan
Instant On Activation Yes No — famps up to max Yes
light output

Costs associated with current LED lighting designs vary by required specifications. Several manufacturers
were contacted and asked for rough order magnitude (ROM) pricing for products. As more suppliers come
online having the 4 differences in the cost model are a good way to quantify what system would be suited
best for the Coast Guard fiscally. Costs for retrofitting fixtures to replacement COTS systems averaged
$40.00-$90.00 per light bulb. Marine specification enclosures are required to retrofit legacy systems. Marine
specifications themselves were currently not available but Oxley group lighting is encased in a marine tight
fixture and further testing would need to be conducted pricing ranged from $320.00-$460.00 per assembly
(Towman, J, personal communication, January 11, 2012). MILSPEC lighting solutions are available in two
different options including ballast compatible light bulbs in 2” lengths for $150.00 each from Energy Focus
or complete fixtures $288.00-$665.00 from LC Doane.

General considerations regarding Cutter lighting:

The lifespan of installed Cutter lighting may not be as advertised due to overstated manufacturer
claims or to the rigors of the maritime environment.

Actual energy consumption may be higher than planned due to operational practices.

Replacement lamps are ordered on Cutters by the installation technicians on smaller assets. Due to
the small storage spaces and unknown availability of next opportunity to purchase replacements,
shipboard engineers purchase multiple replacements and use them as needed upon failure.

Due to the commonality of lighting systems and many light bulb types fitting into the standard bases,
lamps may be mismatched with the installed ballast and shorten lamp life expectancy to as little as a
couple of weeks.

Fixtures are normally designed with complete system engineering processes including heat
management; installation of incorrect bulbs may reduce the performance and efficiency of the
system.
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e LED lighting meeting the supplemental MILSPEC meets or exceeds all objective and threshold
values. Energy Focus, LC Doane, and Light — Pod have approved interior shipboard products.

e Ataminimum the original lighting requirements for the cutter should be used as a baseline for
requiring SSL (Solid State Lighting) or LED (Light Emitting Diode) lighting. Also, the new fixtures
should meet or exceed the lighting calculations, study or survey thresholds for the cutter class in the
original documentation.

Engineering concerns specific to LED lighting on Cutters include:

e Underloading shipboard power generation. Underloading a diesel engine can cause internal
mechanical damage. There is a concern that the operation of LED lighting can reduce the lighting
load of a ship up to 50% and create underloading of the diesel engine. However, most legacy Cutters
experience increasing demands for shipboard power generation (beyond the initial design
expectations) due the integration of new electronic equipment over their lifespan. Lighting load
measured by Alaris energy audits onboard three different Cutter classes showed the lighting power
consumption to reach up to 18% of the ship’s designed electrical load. Reducing the Cutter’s power
consumption would ease the burden of many already overloaded legacy systems. Newer Cutters can
take the design factors of more power efficient lighting into consideration prior to production.
Benefit to existing Cutters could be to reduce loads to the point that a single generator could be used
in some in-port situations when power cannot be supplied by the facilities.

e Dirty power generation. Another concern for consideration is the possible side effect of installing
multiple LED Direct Current (DC) driven devices which can introduce electrical noise into the ship’s
power grid and diminish the power quality of the entire Cutter. Whether this happens from the
installation of COTS LED systems needs to be tested. MILSPEC qualified lighting has already
passed rigorous testing and addresses this concern. MILSPEC LED lighting meets MIL-STD-1399
section 300, the standard for power interface requirements.

e COTS lighting product claims. Of particular concern are lifespan claims, luminous intensity, and
heat management. MILSPEC and marine grade lighting offer some assurances of manufacturing
claims.

3 U.S. COAST GUARD CUTTER LIGHTING SURVEYS

3.1 Photometric/spectral Characteristics of Fluorescents and LED Lights

The measurement of light requires some familiarity with terminology and measurement units. The following
paragraph provides a basic discussion of terminology important in the understanding of the lighting surveys
conducted on CG cultters.

Illuminance refers to the luminous flux per unit area that arrives at a particular place on a surface from one
or more sources of light. Figure 1, is a schematic representation of light distribution in a room that shows
how light originating from multiple sources can illuminate a surface. When conducting lighting surveys to
determine adequacy of lighting in an area, it is illuminance that is being measured. The unit for illuminance
is the lux (Ix).
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Figure 1. Light from multiple sources arriving at various surfaces in a room.

In addition to the amount of light available to the observer, lighting surveys also include measures of the
spectral components of the light. Spectral Power Distribution (SPD) refers to the amount of light measured
at each wavelength across the entire visible spectrum. Figure 2 presents the in SPD for three types of light
sources: incandescent, LED, and fluorescent lighting. The incandescent light exhibits a classic black body
radiator SPD. It produces light power at all wavelengths across the entire visible spectrum (broad band) and
on into the infrared (heat). This light has historically been considered the most pleasing and providing the
best color rendering. However, incandescent light produces much non-visible infrared and is, therefore,
energy inefficient. Conversely, the LED shown in Figure 2 produces light only in the visible part of the
spectrum and is thus much more efficient. The fluorescent light shown in Figure 2 produces light in the
visible part of the spectrum; however, it also produces a small amount of ultraviolet light can be destructive
to plastics and has been found to be biologically injurious. Fluorescent lighting is not as efficient as LED
lighting in converting electricity to light. Fluorescent lights produce light at discrete wavelengths (called
spectral lines) in contrast with the broadband character of incandescent light. Fluorescent lights are
designed to produce a particular “type” of light i.e. soft white, cool white etc. by adjusting the size and
location (Figure 2) of the spectral lines. Unlike a fluorescent light, the LED produces light across the entire
visible spectrum and therefore has a character that more closely resembles incandescent light. As noted
earlier in the report LEDs have CRIs between 80 and 92 whereas typical fluorescent tubes found in
commercial lighting have a CRI of between 55 (warm white) and 62 (cool white).
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Figure 2. A comparison of the spectral power distribution of incandescent, fluorescent and LED light
sources.

3.2 Output of LED Lighting Compared with Fluorescents

Correlated Color Temperature does not tell the whole story when selecting a light source. The CCT
designation for a light source gives a good indication of the lamp's general appearance, but does not give
information on its specific spectral power distribution. (RPI Lighting Research Center Accessed May 2,
2012 from http://www.Irc.rpi.edu/education/learning/ terminology/cct.asp-) The CCT of fluorescent lamps
is achieved by combining wavelengths of light in different amounts so that it produces light that appears
white to the eye. It is possible that the light from two lamps can have different wavelength combinations and
yet appear exactly the same color (same nominal correlated color temperature ), but their effects on objects
may be very different.

The CRI is a measure of how natural objects will appear when illuminated by a light source. The spectral
make-up of a light source affects its ability to render colors "naturally”. Figures 3 and 4 (from Lighting
Research Center Resource Collection) contrast the color rendition of a fluorescent light with an LED.
Although both have a color temperature of about 4100 degK, they have different spectral power
distributions. This can be seen in Figure 2, the LED has a more evenly distributed SPD and therefore also
has a better CRI. Typically a cool white fluorescent bulb has a CRI of about 62, whereas an LED has a CRI
above 90.
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When evaluating different types of lighting, it is important to take into consideration not only the CCT but
also the CRI when trying to produce a more natural lighting environment. The members of the crew on
CGC MACKINAW commented that things looked better with the new LED lights.

Incandescent

300 IR0 400 4G 500 5RO ERD ER0 700 750
Wavelength - Nanometers

Figure 3. The incandescent light source with CRI of 100 has a more evenly distributed SPD and renders
colors more naturally.
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Figure 4. This particular fluorescent lamp has more power in the short wavelength of the visible
spectrum (below 450 nanometers) than the incandescent lamp shown above making blue colors
appear more vivid and the red colors less vivid.
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3.3 Cutter Lighting Survey Data

One of the planned elements of the current study was to conduct a lighting survey of a U.S. Coast Guard
cutter and, if possible, make comparisons with a U.S. Navy vessel that has been converted to LED lighting.
At the beginning of the project, the study team received information that the CGC MACKINAW (WLBB
30) had replaced its legacy (fluorescent) lighting with LED lights. They accomplished this by converting the
existing fluorescent lighting fixtures to accommodate the LED lights. With this development, the team
decided that it would be more instructive to make the legacy-LED lighting comparison between U.S. Coast
Guard vessels only. The surveys were designed to gather empirical data on the physical output of the lights
and to observe any differences in the lighting appearance between legacy and LED lighting. Data collection
occurred on the CGC IDA LEWIS (WLM 551), having only legacy incandescent and fluorescent lighting,
and the CGC MACKINAW®. The spaces in which the illuminance measurements were made are provided in
Table 3. Additionally, on the CGC MACKINAW, the team measured the Spectral Power Distribution
(SPD), which is depicted in Figure 2 (super-imposed with the SPD for standard commercial fluorescent and
incandescent light bulbs). The team documented the visual appearance of the spaces where the
measurements were made with photographs taken in the area of the measurements.

Table 3. llluminance values (in 1x) obtained through lighting surveys on CGC IDA LEWIS and CGC

MACKINAW.
Testing Location ceC IDA_‘ LE.WIS. e MAC.:K”\.IAW
Fluorescent Lighting (in 1x) LED Lighting (in Ix)

Engineering Control Center (ECC) 350 450
Galley 980* 600
Engine room 200 465
Berthing (red night light) 14 28
Mess deck surfaces 90-170 457-720
* Lighting configurations and sizes of the galley differed considerably between the two Cutters.

3.3.1 CGC IDA LEWIS

The initial lighting survey was conducted on CGC IDA LEWIS for a baseline of current shipboard lighting
conditions in accordance with IES Lighting Ready Reference (1985). Overall assessment of the current
lighting revealed that illuminance does not always meet the levels called out in ship’s blue prints Naval
Engineering Technical Information Management System (NETIMS). Surface Forces Logistics Center
(SFLC) also conducted a lighting survey on CGC MORRO BAY (CG WTGB 140’, icebreaking tug) in
preparation for a service life extension plan (SLEP). Currently, the CG has a fleet of nine 140 WTGBs.
Lighting conditions found by SFLC noted results similar to those found on the CGC IDA LEWIS.

! During the field lighting surveys, many incandescent fixtures were found to have been replaced by Compact Fluorescent Lamps
(CFL).
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3.3.2 CGC MACKINAW

RDC conducted a second lighting survey on CGC MACKINAW to determine the illuminance levels of self-
installed LED lighting from commercial-off-the-shelf (COTS) sources. CGC MACKINAW readings
generally showed an improvement in light output compared with the initial lighting survey conducted on the
CGC IDA LEWIS with fluorescent lights. Color temperature readings observed were 4500K Correlated
Color Temperature (CCT). MIL1477 spec supplemental requires 4100K with a tolerance of +/- 297K per the
Flexible CCT formula listed in ANSI C78.377. To the investigators, the LED lighting on the CGC
MACKINAW made the spaces appear “cleaner” than in spaces using other lighting types. The enhanced
brightness remained at a comfortable level as well.

3.3.3 Crew Comments Regarding LED Lighting

On CGC Mackinaw, the research team asked crew members to discuss what they thought of the LED
lighting. There was consensus that it “made everything look better.” A cook in the galley said that the food
looked better and that he could see what he was doing better. He joked that he hadn’t cut himself since the
LEDs had been installed. Upon boarding the CGC Mackinaw, one of the first things the research team
noticed was the “bright clean and crisp” lighting, prompting the question if the overhead lighting was the
LED lights. It was, and the favorable appearance continued throughout the cutter.

The following figures illustrate the appearance of the lighting installed on the CGC IDA LEWIS and CGC
MACKINAW. Although the lighting was adequate on both cutters, Figures 5 and 6 depict lighting
differences observed in the ECC.
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Figure 6. CGC MACKINAW ECC with LED COTS lighting measured at 450 Ix.

The following figures illustrate the appearance of the LED lighting installed on the CGC MACKINAW.
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Figure 7. CGC MACKINAW ECC (working surface 600 Ix).
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CGC MACKINAW
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Figure 9. Switch Board Control Room (average illuminance 470 Ix)
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CGC MACKINAW

Figure 11. Galley (working surfaces average 600 Ix).
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The following figures illustrate the appearance of the LED lighting installed on the CGC IDA LEWIS.
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Figure 13. EM Shop (working surface 360 Ix).
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Figure 15. Ballast storage takes up space and adds weight.
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4 U.S. COAST GUARD LED COST MODEL

4.1 The Relationship of Cost Factors to Lighting Technology
Considerations/Comparisons

A Cost model was developed to determine the return on investment of replacing legacy lighting with LED
lighting. This cost model compares the life-cycle costs of up-to four alternative lighting technologies
(options) against the life-cycle operation costs of a baseline lighting technology. For the model runs
addressed in this report, the baseline lighting technology against which comparisons were made was legacy
lighting. Life-cycle operation costs include upfront (initial) investment costs, component replacement costs,
and power consumption costs. See Appendix B for instructions for using the Cost Model.

Savings are calculated in the model by subtracting the sum of the upfront investment costs and operation
costs of an alternative lighting technology, from the sum of the upfront investment costs (if applicable) and
operation costs of the legacy lighting technology. An example of legacy lighting would be the one used in
the model run, that being a fluorescent lighting. For fluorescent lighting the configuration would consist of
a fixture, a set of light (fluorescent) bulbs, ballast, and any peripheral materials such as wiring. An example
of an alternative lighting technology would be LED lighting. For LED lighting, the configuration would
consist of a fixture, set of LED light bulbs or light-strips, backup (emergency) power device, a driver card,
and any peripheral materials such as wiring. All values and costs specific to a particular lighting
technology configuration are referred to in this report and within the model as “technology-relative factors.”

Upfront investment costs are the costs incurred when initially installing a lighting technology. Initial
investment costs include the purchase cost of the fixture being implemented (if the scenario involves a
retrofit that requires replacement of the existing fixture), cost of bulbs or light strips, cost of labor to install
or replace, cost of peripheral materials, and disposal costs of any components being removed that require
special handling. An example of a disposal cost resulting from special handling would be fluorescent bulbs.
Fluorescent bulbs contain mercury and thus cannot just be discarded in the trash. If for some reason, one or
more components being removed were exchangeable for a profit, then the value would be treated as a
negative when entering the value for disposal cost.

In performing the comparison between legacy lighting and an alternative lighting technology configuration,
if the legacy lighting is part of an existing vessel (involving retrofit), then the initial investment cost of the
legacy lighting would be considered a sunk cost, and therefore would not be considered when calculating
technology investment costs. The exception to legacy lighting being treated as a sunk cost in this scenario
would occur if it were possible to remove one or more components of the legacy light being replaced and
sell those components for a positive value. If the comparison is being made for a vessel or class of vessels
for which construction has not begun and initial lighting materials not procured, then the initial investment
cost of legacy (baseline) lighting would be considered in the comparison.

Operation costs for a lighting technology configuration includes power consumed when the light is on (lit),
and the replacement of various configuration components as those components reach the end of their life
expectancy (determined by total number of hours light is lit). The cost of power consumed differs by
whether it is shore-side provided when in port, or it is generated as the result of running ship service
generator engines (referred to in the model as cost of power at-sea). The cost of shore-side provided power
can differ greatly by regions (homeports). The cost of producing electrical power while the vessel is at sea
can be greatly increased if at-sea refueling takes place. Fully burdened cost of fuel as the result of at-sea
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refueling would not only include the cost of fuel itself, but the cost of transporting the fuel to the location
where the at-sea refueling take place.

For any component of a lighting technology configuration that has a life expectancy value (in hours)
entered, the model determines when replacement will take place by dividing the life expectancy value by the
number of hours the light would be operating per year. If no user-entered life expectancy value is provided
for a component, the model will treat that component as not requiring replacement at any point during the
model run. It should be noted that while the life expectancy of LED lights is not affected by the number of
times it is turned on-and-off, published reports state that the life expectancy of fluorescent and incandescent
bulbs are degraded by the bulbs’ being turned on-and-off. The model, as currently constructed, does not in
itself account for degradation of any lighting technology bulb due to the number of times the bulbs are
turned on-and-off.

Most vessel lighting systems are comprised of several light types. Examples of light types that, in
combination, may comprise a vessel lighting system would be a vessel using varying numbers of T8, T10,
and T1 (Figure 16), and possibly 1-or-2 incandescent light types. Although the cost model could be
enhanced to consider an entire vessel lighting system, the version of the cost model released by USCG R&D
Center (RDC) in the spring of 2012 analyzes only one light type per run. The light type chosen for the
lighting analysis performed for the lighting analysis was the most prevalent for each vessel type considered.

Vessel
Light System
Light Type Light Type Light Type
(e.g., T8) (e.g., T10) (e.g., T12)
Legacy Lighting Alternative Lighting Alternative Lighting
Technology Technology Option 2 Technology Option 4
Alternative Lighting Alternative Lighting
Technology Option 1 Technology Option 3

Figure 16. Comparison structure for vessel light system.

In addition to technology-relative factors, the model is driven by a set of common factors. Common factors
have an impact on all lighting technology configurations considered in a model run; whereas, technology-
relative factors are relative only to the lighting technology configuration with which they are associated.
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Figure 17 illustrates how common factors affect all lighting technology configurations and how technology-
relative factors affect only the associated lighting technology. In this example the goal is to determine the
cost to replace a light bulb for each of the technologies considered. The common cost factor is Labor Cost
Per Hour, set at $60 for this example. The technology-relative cost factor for this example is Labor Time
Required for Bulb Replacement (a single bulb). Since technology-relative factors are relative only to their
associated lighting technology, there’s one entry for Labor Time Required for Bulb Replacement associated
with the legacy lighting configuration (0.25 hours which means ¥4 hour), and one entry for Labor Time
Required for Bulb Replacement associated with the alternative lighting technology option (0.5 hours which
means %2 hour).

In calculating the cost of replacing the legacy light bulb, the common factor Labor Cost Per Hour is
multiplied by the technology-relative cost factor Labor Time Required for Bulb Replacement that is specific
to the legacy lighting technology configuration. The result of that calculation ($60 * 0.25) is a labor cost of
$15 per bulb replacement. For the alternative lighting technology option, the common factor Labor Cost
Per Hour is multiplied by the technology-relative factor Labor Time Required for Bulb Replacement that is
specific to the alternative lighting technology option. The result of that calculation ($60 * 0.5) is a labor
cost of $30 per bulb replacement.

COMMON COST FACTOR
Labor Cost Per Hour: $60.00

TECHNOLGY-RELATED COST FACTOR
Labor Time Required for Bulb Replacement
Legacy Configuration: 0.25 Hrs
Alternative Lighting Tech Option 1: 0.50 Hrs

COST TO REPLACE BULB COST TO REPLACE BULB
FOR FOR
LEGACY LIGHTING ALTERNATIVE LIGHTING TECH OPTION 1
Labor Cost Per Hr [$60] Labor Cost Per Hr [$60]
multiplied by multiplied by
Labor Time for Legacy Lighting [0.25] Labor Time for Alt Tech Option [0.50]
equals equals
$15 to Change Single Bulb $30 to Change Single Bulb

Figure 17. Example of common factor in determining costs.

As with any cost model, the validity of the results is dependent upon the data used in the model. The
research team acquired commercial costs of legacy and LED bulbs and fixtures directly from vendors.
Electric power costs were extracted from base electrical power cost by regions since individual Cutter inport
costs were unattainable. The cost of underway power generation came from the Alaris report (2011). The
procedures and time required for fixture retrofitting to accommodate LED installation was available from
discussions with the Electrician Mates on the CGC MACKINAW as well as from a time compliance
technical order (CGTO PG-85-00-40-S TCTO) that detailed the steps and process taken by the CGC
MACKINAW. The number of ship’s lighting fixtures for the model were obtained through ship
configuration listings. RDC used the Cutter employment standards manual to populate the cost model based
upon cutter class.
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4.2 Example Model Results

A 270> WMEC with a homeport in Key West, FL was utilized to run analysis on due to its impending
replacement and the potential to impact the ship’s design. Factors in-put to the model were gathered from
current market research, Cutter employment standards, energy audits conducted by Alaris (2011), and
MILSPEC available products ROM pricing. Results are shown taking all factors and calculating the total
life cycle of the lighting currently installed and four alternatives.

The results are displayed in tables and graphically for ease of reading and visual comparison. The listing of
model results provided are; upfront (initial) investment, payback period (years), estimated total savings, Net
Present Value (NPV) of estimated total savings, investment rating based on NPV result, annual energy
consumption (kilowatt hours), annual energy savings (kilowatt hours) and cumulative labor (graphed only).
Figure 18 shows input factors on the DE-light page of the cost model. Full user instructions for data entry
are located in Appendix B.

LIGHT TYPE: 77.4
NUMBER OF FIXTURES: 841 1
OPTION 1 OPTION 2 OPTION 3 OPTION 4
LEGACY ' LED Commercial  Commercial = LEDMILSPEC = MILSPEC
LIGHTING BULB ONLY FIX/BULB BULB-ONLY eplacement fixtur¢

CONSIDERATION STATUS => INVESTMENT COST NONFACTOR |  FACTOR |  FACTOR |  FACTOR |  FACTOR
FIXTURE

CONSIDERATION STATUS =>INVESTMENT COST NON FACTOR NON FACTOR FACTOR NON FACTOR FACTOR
CONSIDERATION STATUS => REPLACEMENT COST NON FACTOR NON FACTOR NON FACTOR NON FACTOR NON FACTOR
CONSIDERATION STATUS =>POWER USAGE NON FACTOR NON FACTOR NON FACTOR NON FACTOR NON FACTOR
FIXTURE PURCHASE COST S = S 350.00 S = S 476.00

PERCENTAGE FIXTURE PURCHASE COST
REDUCTION IN COST OVER TIME

TIME

ADDITIONAL MATERIALS COSTS (e.g., wiring) S - S 10.00 $ 25.00 S 10.00
LABOR TIME for INSTALLATION 0.00 0.50 3.00 0.20 0.50
NUMBER OF BULBS IN FIXTURE 2 2 2 2 2
WATTAGE CONSUMPTION

(Note: This specific to fixture, no bulbs)
LIFE EXPECTANCY
END OF LIFE DISPOSAL COST S 0.34
FIXTURE INSTALLATION-RELATED QUESTIONS
[Yes=YorNo=N] | | | | | |

DOES FIXTURE COST INCLUDE BULB(S)? n N y N y
DOES FIXTURE COST INCLUDE | | [ [ [ |
BALLAST OR BACKUP-POWER DEVICE? y N Y Y y

Figure 18. Example model in-put area.

An example of model outputs for all operations and cost considerations is displayed in Figure 19. MILSPEC
replacement bulb only option is more costly due to shorter life expectancy verses MILSPEC fixture that is
an engineered LED system. ROI for recommended MILSPEC replacement lighting compared to legacy
systems is 8.5 years. LED lighting energy consumption compared to current installed lighting is another
appealing factor in the pursuance for Coast Guard carbon footprint reduction. Reducing energy
consumption measured in kWh comparisons is shown below in Figure 20.
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FULLY BURDENED CUMULATIVE OPERATION
COST for ALL OPTIONS
$2,500,000 == LEGACY
LIGHTING
'E
-
S /,//
‘€ $2,000,000 4 /
o /| OPTION 1: LED
g / Commercial
A BULB ONLY
>
c
o //7/
g $1,500,000 "4
= 1 // /
- / / feme OPTION 2:
=1 / LA /// Commercial
oo //: A FIX/BULB
= 1 1~
5 71/ -1
“ 1 ~
3 $1,000,000 /] ,// -
£ 1
E’ / //’ e OPTION 3:
8 LA MILSPEC BULB-
o / ONLY
g // replacement
'.g $500,000 -
S
8_ OPTION 4:
© MILSPEC
replacement
fixture
§
01234567 8910111213141516171819202122232425
Years

Figure 19. Example ROl model results.

CUMULATIVE - ENERGY CONSUMPTION (kWh) = LEGACYLIGHTING

8,000,000.00
=
= 7,000,000.00
= 1 e OPTION 1: LED
2 6,000,000.00 o Commercial BULB
8 5,000,000.00 — ~ ONLY
o ]
S 4,000,000.00 — OPTION 2:
=) et Commercial
2 3,000,000.00 == FIX/BULB
o
O 2,000,000.00 s OPTION 3: MILSPEC
& 1,000,000.00 - BULB-ONLY
o
E 0.00 replacement
w e OPTION 4: MILSPEC
0 2 4 6 8 10 12 14 16 18 20 22 24 replacement fixture
YEARS
Figure 20. Example total energy consumption.
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Also included is a cumulative labor comparison as shown in Figure 21. Labor hours decrease due to the
lessend maintence requirements of LED lighting are shown graphically. Steps in graph reflect maintenance
actions occuring such as bulb or ballast change outs.

CUMULATIVE LABOR (Hrs)
14,000 e | EGACY LIGHTING
12,000 /r
7
// e OPTION 1: LED
10,000 7 4 Commercial BULB
0 // ONLY
o 7
=
o 8000
I OPTION 2:
[+4 // Commercial
(@] A FIX/BULB
% 6,000 / - /
7 e OPTION 3:
P :
4,000 prd = MILSPEC BULB-
y ONLY replacement
2,000 -
L e OPTION 4:
MILSPEC
0 - replacement
01234567829 101112131YZ=E]A5R156171819202122232425 fixture

Figure 21. Example cumulative labor hours.

4.3 Factor Sensitivity Analysis Model Runs

A cost model is only an approximation of reality (Render & Stair, Jr., 1988). Therefore, exploring the
sensitivity of the solution (e.g., payback period and estimated total savings) to changes in input data is an
important part of analyzing the results. A sensitivity analysis was performed in which a WMEC class vessel
with a homeport in Key West, Florida served as the baseline. Key West was chosen as the homeport for the
baseline vessel because its shore-side electrical cost appears to be in the midpoint range of ports where
WMEC class vessels reside. (Since the CG is in the initial design phase for a replacement of the 270
WMEC class vessel, it was selected to serve as possible candidate to compare against new construction.)

The goal of the sensitivity analysis was to determine how much payback period, estimated total savings,
NPV of estimated total savings, percentage savings in labor hours, and percentage in annual power
consumption reduction would be affected by changes to user-provided input data. Table 4 contains common
factors from a WMEC in Key West, FL. In performing the analysis for each of the user-provided input data,
incremental changes were made to the baseline value in increments of 10, running from a 50% reduction in
the value to a 50% increase in the value.
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Table 4. Common factors requiring user-provided input for a sensitivity analysis.

Common Factors

Factor Baseline VValue

Days At-Sea 180 Days
Labor Rate $60.00 Per Hour
Discount Rate (critical to calculation of NPV) 2.70 %

Cost of Power At-Sea

$0.4200 Per kWh

Cost of Power In-Port

$0.0966 Per kWh

Number of Fixtures

841

Where the legacy lighting technology configuration requires ballast for every fixture, the alternative lighting
technology configuration considered in the model runs (LED lighting) requires emergency backup power
devices for only about 20% of the fixtures. Therefore, during sensitivity runs for the factor Number of
Fixtures, the value for number of backup power devices installed for each percentage change in number of
fixtures was 20% of the number of fixtures. For example, a 50% decrease from the baseline in the number
of fixtures would be 421 (from half of baseline common factors in table 4) equating to 84 backup power
devices installed (20% of the 421fixtures)

Table 5. Technology-relative factors requiring user-provided input for a sensitivity analysis.

Technology-Relative Factors Factor Baseline Value
Fixture Purchase Cost $476.00 each
Per Bulb Purchase Cost $25.00 each
Bulb Power (Energy) Consumption 11 Watts
Labor Time — Bulb Replacement 0.50 hours (30 minutes)
Bulb Life Expectancy 100,000 hours
Driver Card Purchase Cost $40.00 each
Driver Card Life Expectancy 90,000 hours
Backup (Emergency) Power Device Purchase Cost $50.00 each
Backup (Emergency) Power Device Life Expectancy 90,000 hours

4.3.1 Payback Period

The most significant effect on payback period as a result of factor input value changes were Fixture
Purchase Cost and Bulb Power (Energy) Consumption. With a 50% decrease in value to $238.00 for
Fixture Purchase Cost, the payback period decreased by 39% to 5.16 years, and with a 50% increase in
value to $714.00, the payback period increased by 73% to only 14.61 years. With a 50% decrease in value
to 6 Watts for Bulb Power Consumption, the payback period decreased by 25% to 6.33 years, and with a
50% increase in value to 17 Watts, the payback period only increased by 85% to 15.60 years.

Taking a conservative economic perspective, with a 30-year life expectancy for the WMEC class vessel
considered in the sensitivity model runs, a payback period of 10 years or less (33% of 30 years) would be
reasonably prudent. Fixture Purchase Cost has a 10.47-year payback period at a 30% increase in value
($618.80 for each fixture). As can be seen in Figure 22, the payback period rises sharply when the Fixture
Purchase Cost is increased by 40-and-50 percent due to the higher costs in price. If there is a threat that the
purchase cost of the fixture could rise at some point before the procurement occurs, a closer look would
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need to be taken with this analysis. With the advancement and growth in technology in lighting the chances
of an increase of prices diminish as maturity rises.

The payback period for Bulb Power Consumption is 10.21 years at the point its value increases by 30%, and
would still be a reasonably safe venture up to a 40% increase in power consumption (wattage rating). After
the 40% mark, payback period rises sharply (Figure 22). Such an increase in power would be counter to
current trends in this technology.

FACTOR SENSITIVITY ANALYSIS: Payback Period
18.00
16.00
’
’
14.00
? ,
S 12.00 ’
g J_ - e =
3 10.00 ==
S — -
[ L
& 8.00 —— =
g - = - /
o - - == g
6.00
g —-—
4.00
2.00
0.00
-50%  -40%  -30%  -20% -10% 0% 10% 20% 30% 40% 50%
Factor Percentage Change (negative means % decrease)
= = Fixture Purchase Cost = == Bulb Power Consumption (Watts)

Figure 22. Sensitivity analysis: Payback Periods for Fixture Purchase Cost and Bulb Power Consumption.

All other factors considered in the sensitivity model runs experienced small-to-no rises in payback period at
either end of the 50% increase/decrease of baseline value. Of these, a 50% reduction in the baseline value
for Cost of Power At-Sea, which equated to $0.21 per kWh, resulted in a payback period increase of 24%
(10.45 years). A payback period of 10.45 years 35% of 30 years, is considered reasonably safe. Cost of
Power At-Sea was the next greatest sensitive factor behind the sensitivity of Fixture Purchase Cost and Bulb
Power Consumption. Unless there is a sharp increase or decrease in the price of fuel the cost of power
generation at sea will remain stable.
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4.3.2 Estimated Total Savings

The most significant effect on estimated total savings as a result of factor input value changes were Bulb
Power (Energy) Consumption, Number of Fixtures, and Cost of Power At-Sea. A 50% increase in value of
Bulb Power Consumption to 17 watts resulted in a 58% drop in savings from that realized by the baseline
value however as LED technology grows this trend has actually diminished. That drop in savings equates to
a total savings over a 30-year period of $397,979. A substantial positive savings over the long run would
still be achieved. As can be seen in Figure 23, realizing a substantial positive at the lowest point of
estimated total savings is still a significant amount as well for Number of Fixtures and Cost of Power At-
Sea.

FACTOR SENSITIVITY ANALYSIS: Estimated Total Savings
$1,600,000

$1,400,000 S
S

ings

$1,200,000

$1,000,000

$800,000

$600,000

$400,000

Total Cumulative Estimated Sav

$200,000

S-

-50% -40% -30% -20% -10% 0% 10% 20% 30% 40% 50%
Factor Percentage Change (negative means % decrease)

=« = Bulb Power Consumption (Watts) === «Number of Fixtures

Cost of Power At-Sea

Figure 23. Sensitivity analysis: Payback Periods for Bulb Power Consumption, Number of Fixtures, and
Cost of Power At-Sea.
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Although the estimated total savings would still be substantial when the baseline value for Bulb Power
Consumption is increased by 50% to 17 Watts, one has to keep in mind that the $397,979 total savings is
achieved by the vessel life expectancy reaching no less than 30 years. Figure 24 shows the savings realized
at yearly points along the vessel consideration’s life expectancy. Note that before the payback period is
achieved (15.6 years), the cumulative (total) savings would be negative (a loss in dollars). What this figure
is telling you is for a 50% increase in Bulb Power Consumption one needs to determine the risk that the
actual life expectancy may not only come in short of 30 years, but slide down towards the 15.6-year point.
This increase in power consumption is not likely. From the beginning of this study new LED drivers have
been introduced to the emerging market that efficiency and power consumption has had the inverse
outcome.

The reason for the dips and rises seen in Figure 24 has to do with the fact that this cost model takes into
consideration life cycle costs. The dips and rises reflect component replacements taking place. A sharp rise
indicates there is either more than one bulb replacement occuring for the legacy lighting technology
configuration in that timeframe, or multiple components of the legacy lighting technology configuration are
being replaced in that timeframe. A sharp drop indicates that a component replacement within the
alternative lighting technology configuration is taking place.

CUMULATIVE SAVINGS

$500,000

$400,000

$300,000

$200,000

$100,000 == Bulb Power

Consumption
50% Increase

S-

Savings (dollars)

$(100,000)

$(200,000)

$(300,000)

$(400,000) L~

$(500,000)
Years

Figure 24. Savings for bulb power consumption.

The risk of not achieving a positive total savings based on actual life of the vessel is relatively lower for
Number of Fixtures and Cost of Power At-Sea. That is because each of their payback periods at the 50%
point-of-concern is in the 10-year range or less.

- ik : UNCLAS//Public | CG-926 RDC | L. Kingsley, et al.
A Acquisition Directorate 08 e v 015

& Research & Development Center



Cutter Energy Efficient Lighting: Cost Study Report

4.3.3 NPV of Estimated Total Savings

The most significant effect on NPV of estimated total savings as a result of factor input value changes were
Bulb Power Consumption, Number of Fixtures, Cost of Power At-Sea, Fixture Purchase Cost, and Discount
Rate. A 50% increase in the Bulb Power Consumption that brings the value to 17 watts results in a 72%
decrease from the baseline of estimated total savings when taking NPV into consideration (Figure 25).
Although the result in the NPV of total estimated savings is still positive, as was stated in the discussion of
total estimated savings, the NPV of total estimated savings with a 50% increase in wattage of the bulb is
realized as long as the actual vessel life expectancy is 30 years.

FACTOR SENSITIVITY ANALYSIS: NPV of Estimated Total Savings
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Figure 25. Factor sensitivity analysis: NPV of estimated total savings.
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Figure 26 reinforces the concern about risk of investment if the wattage rating increased to 50% greater than
the baseline. The graph shows that payback period when taking NPV into consideration is around the 20-
year mark. Under this scenario there is even a greater need to be