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SECTION 1.   EXECUTIVE DIGEST 
 

1.1   SYSTEM DESCRIPTION 
 

 a. Solid-state lighting (SSL) is an emerging lighting technology that functions through 
light-emitting diodes (LEDs) and organic light-emitting diodes (OLEDs).  Unlike fluorescent or 
incandescent tubes that produce light through filaments, plasma, or gases that are enclosed in a 
bulb, SSL uses semiconductors that convert the electricity efficiently into light (app F, ref 2).  SSL 
technology is much different than other conventional lighting technologies because SSL has 
unlimited potential and could reduce lighting energy use and costs in the United States by as 
much as 65 percent by the year 2030, while also reducing our fossil fuel consumption and carbon 
footprint (ref 2). 
 

 b. Interest in SSL, specifically LED technology, has increased significantly with the 
evolution of new environmentally friendly products, advances in efficiency, and lower production 
costs for lamps.  The conversion of fluorescent bulbs to LED technology has many benefits and 
may provide a significant return on the initial investment.  These benefits include: 
 

 (1)  LEDs do not contain mercury, have potential for recycling, and can be disposed safely 
in a landfill. 
 

 (2)  LEDs offer reduced maintenance costs and fewer bulb replacements, significantly 
reducing future landfilling of waste. 
 

 (3)  LEDs offer a Green Technology that produces less heat than fluorescent lights, 
resulting in a decreased need for air conditioning. 
 

 (4)  LEDs can be retrofitted with occupancy sensor controls while fluorescent lights will 
deteriorate quickly when they are repeatedly turned on and off. 
 

 (5)  LEDs can be used in existing fluorescent lighting fixtures using LED retrofit kits or 
replacement lamps. 
 
 (6)  Using LEDs can result in a 40-percent energy reduction over using fluorescent lights 
and payback can occur within a few years. 
 
 (7)  LEDs offer improved light quality (directional versus spherical) over fluorescent lights. 
 

 (8)  LEDs work in extreme hot and cold temperatures and LEDs are less affected by 
temperature fluctuations than fluorescent lamps. 
 

 c. To combat hazardous waste (HW) disposal costs and promote increased energy efficiency 
and environmental stewardship, three types of LED technology have been approved for modification 
in Department of Defense (DoD) facilities based on design practice and material selection policy and 
practices for both internal and external lighting guidance as specified by the Unified Facilities Criteria 
(UFC).  The first two technologies include the conversion of existing fluorescent lamp fixtures to LED 
technology through lamp-to-lamp replacements with compatible ballasts (also known as type-A, direct 
fit, or plug-in designs) and the use of luminaire retrofit conversion kits that limit compatibility concerns 
by matching an Underwriters Laboratories (UL) certified kit to the existing luminaire.  A third option, 
luminaire replacement, is also a viable option, if UFC policy is met, and requires upgrading of the 
entire lighting fixture, including lamps, sockets, ballasts and hardware. 
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1.2   SUMMARY 
 
 a. Authority.  On 6 June 2016, the U.S. Army Test and Evaluation Command (ATEC) 
authorized the U.S. Army Aberdeen Test Center (ATC), Aberdeen Proving Ground (APG), 
Maryland, to plan, assess, and report on converting fluorescent bulbs to new LED technology 
through the Fluorescent Lamp Replacement Study.  This was done through the establishment of 
ATEC Project No. 2016-DT-ATC-ARSPT-G6172 (ref 1) in support of the U.S. Army Environmental 
Command (USAEC)-provided Statement of Work (SOW) (ref 3). 
 
 b. Study Concept.  This study was performed to assess current and upgraded lighting in 
ATC facilities and generate a Fluorescent Lamp Replacement Guidance Manual that will assist 
other military installations during conversion of existing fluorescent lighting to LED technology. 
The Guidance Manual (ref 4) includes detailed procedures, UFC policy, educational literature and 
searchable databases that can be leveraged during system upgrades and design selection.  In 
addition to the Guidance Manual, this study documents the results of: 
 
 (1)   An economic analysis (Section 2.3) that determines the Total Savings and Break-Even 
Point based on lamp replacement costs, cost for luminaires and retrofit conversion kits, installation 
costs, longer life-cycle of bulbs resulting in reduced maintenance costs, and total energy savings 
based on the life expectancy of the LED technology. 
 
 (2)  Inconsistencies found within the UFC guidance with respect to conversion to LED lighting 
(Section 1.4). 
 
 (3)  Importance of using the Design Lights Consortium (DLC) Qualified Products List (QPL) 
to identify appropriate LED products (Section 1.2.5). 
 
 (4)  Inability to locate GSA advantage LED products that conform to UFC policy (Section 1.4). 
 
 (5)  A comparison of a 5 year versus 10 year LED lighting warranty (Section 1.4). 
 

c. Study Objectives.  USAEC is investigating the environmental and economic benefits of 
replacing fluorescent lighting with energy efficient LED lamps at ATC.  This Final Report provides 
study procedures, study findings and guidance material that was used to perform the study.  Study 
objectives are provided in Table 1-1. 
 
 

TABLE 1-1.   STUDY OBJECTIVES 
 

Subtest Objective 

2.1 - Hazardous Waste 
Reduction 

Determine the amount of hazardous waste material that was being 
eliminated from the waste stream at ATC as a result of converting the 
existing fluorescent lighting to LED lighting at nine facilities. 

2.2 - Energy Efficiency 
Savings 

Assess the energy efficiency savings created from upgrading the 
existing fluorescent lighting to LED technology at nine facilities. 

2.3 - Economic Analysis Determine the cost to upgrade the existing fluorescent lighting to LED 
technology at nine facilities and calculate the Total Savings and  
Break-Even Point. 
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 d. Study Approach.  The following specific actions were performed during this study by 
ATC Threat Detection and Systems Survivability (TDSS) personnel: 
 
 (1)  A demonstration plan was prepared. 
 
 (2)  A market survey was conducted, and a literature search of current commercially 
available LED product designs and suppliers (lamp replacement versus retrofit conversion kits 
versus luminaire replacement, General Services Administration (GSA) products, etc.) was 
performed. 
 
 (3)  ATC contacted and met with the U.S. Army Garrison APG Energy Manager and 
representatives from the APG Department of Public Works (DPW) to discuss the process for 
upgrading fluorescent lights to LED technology at ATC facilities.  Discussions were conducted to 
identify the following: 
 
 (a)  Which facilities have already been updated? 
 
 (b)  Which facilities are available for conversion? 
 
 (c)  What documentation is required to complete the facility upgrades? 
 
 (d)  Whether there are any restrictions on conversion to LED. 
 
 (e)  What is the approval process? 
 
 (f)  Who can perform the work? 
 
 (g)  Whether there are any existing energy conservation programs. 
 
  (4)  Several potential facilities at ATC were inspected to determine the compatibility for 
upgrading to LED technology.  Each proposed facility was characterized based on the following: 
 
 (a)  Anticipated usage. 
 
 (b)  Current lighting conditions. 
 
 (c)  Condition and size. 
 
 (d)  Modifications necessary for upgrading to LED technology. 
 
 (5)  ATC personnel finalized the facility selections and upgraded each with new luminaires, 
retrofit conversions kits or a combination of both designs.  All of the LED products installed feature 
a one-lamp design that will not require future bulb replacements.  When the lifecycle of the LED 
technology has deteriorated enough to require replacement, the entire fixture will be removed and 
upgraded with a new LED technology.   
 
 (a)  Three types of LED designs were used when upgrading the facilities at ATC.  The first 
design, Sylvania LEDVANCE Edge-Lit panel luminaires (fig. 1-1), features a high efficacy of  
110 lumens per watt (LPW), low glare, uniform illumination and a projected life cycle of greater 
than 50,000 hr.  This design is compliant with the Restriction of the Use of Hazardous Substances  
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(RoHS) and is listed on the DLC QPL because testing has determined this product to be a high 
quality, energy efficient commercial lighting system.  The Sylvania LEDVANCE is a one-lamp 
troffer design that works optimally in drop-ceilings.  Both Sylvania LEDVANCE 2- by 2-ft and 2- by 
4-ft designs were used during conversion at ATC. 
 
 

 
 

Figure 1-1.   Sylvania LEDVANCE Luminaires Edge-Lit panel. 
 
 
 (b)  The second design installed was the Eaton Metalux WNLED utility wraparound 
luminaire (fig. 1-2) that measures 1 x 4 ft long and features a series of strip LED lights with linear 
(sides) and pyramidal (bottom) prisms for low brightness control.  This product was selected for 
installation because it has a high efficacy of 113 LPW, uniform illumination and a projected life 
cycle of 60,000 hr.  The Eaton Metalux was designed to be surface mounted on the ceiling, is 
RoHS compliant and is listed on the DLC QPL. 
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Figure 1-2.   Eaton Metalux WNLED utility wraparound strip light luminaire without lens cover. 
 
 
 (c)  The third LED technology installed was the Orion Harris LDRE1 troffer retrofit 
conversion kit (fig. 1-3) that measures 2 x 4 ft. long and was designed to be installed in  
drop-ceilings.  This product was selected for installation because it features an extremely high 
efficacy of 121 LPW, contour lens that provides glare diffusion and uniform light distribution, fast 
installation time, and a projected life cycle of 100,000 hr. The Orion Harris retrofit conversion kit 
frame is constructed out of aluminum so it is lightweight and can be installed in 15 min or less by 
qualified electricians.  Due to the high performance of this product in terms of efficacy and lumen 
maintenance requirements, the Orion Harris LDRE1 retrofit conversion kit is acknowledged as a 
DLC premium product. 
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Figure 1-3.   Orion Harris LDRE1 troffer retrofit conversion kit. 
 
 

 (6)  The nine facilities that were upgraded with LED technology include the technical imaging-
matting room of Building 322 and eight firing positions at the Michaelsville Range Area.  The firing 
positions at Michaelsville Range Area are equipped with test chambers and observation rooms that 
accommodate data collection during weapons testing.  As shown in Figures 1-8 and 1-9, internal 
lighting is very important because some of the firing positions are designed with gun mounts and 
individual windows for discharging firearms towards the target line.  The lighting upgrades in each 
building include: 
 
 (a)  Building 322 - Technical Imaging - Matting Room.  Three Sylvania LEDVANCE 2- by 2-ft 
luminaire fixtures were installed in the matting room, and six of the existing 2- by 4-ft fluorescent lights 
in the office were converted to 2- by 4-ft Sylvania LEDVANCE technology.  Based on UFC guidance, 
a redesign was necessary and warranted because the illuminance levels in the matting room were 
too low and created shadows when attempting to mat photographs.  Also, the layout of the luminaires 
was ineffective because both the tasks and layout recently changed in the office space. 
 
 (b)  Buildings 726, 734A, 735A, 736A, 737A - Michaelsville Range Area - Firing Positions. 
Six Eaton Metalux surface wraparound utility luminaires measuring 1 by 4 ft long were installed in 
each. 
 
 (c)  Building 738A - Michaelsville Range Area - Firing Positions.  Four Eaton Metalux 
surface wraparound utility luminaires measuring 1 by 4 ft long and ten Orion Harris retrofit 
conversion kits measuring 2 by 4 ft were installed in this building. 
 
 (d)  Building 738B - Michaelsville Range Area - Firing Positions.  Five Sylvania LEDVANCE 
2- by 4-ft luminaires were installed in this building. 
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 (e)  Building 734 - Michaelsville Range Area - Firing Positions, Offices, and Workspaces.  
Retrofit conversions kits and luminaires were installed.  This location is unique because it serves 
as not only a firing position, but also offers additional office space that is currently being used for 
workspaces, instrumentation, and conference rooms.  Building 734 is the newest and largest of 
the firing positions at Michaelsville and required converting 26 fixtures to LED technology.  The 
conversion in Building 734 included the installation of sixteen Sylvania LEDVANCE luminaires, 
five Orion Harris retrofit conversion kits and five Eaton Metalux surface wraparound utility 
luminaires. 
 
 (f)  Original and upgraded facility lighting conditions are shown in Figures 1-4 through 1-13. 
 
 

 
 

Figure 1-4.   Inadequate fluorescent lighting in matting room of Building 322. 
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Figure 1-5.   New LED Sylvania LEDVANCE luminaires in matting room of Building 322. 
 
 

 
 

Figure 1-6.   Fluorescent lighting in Building 726. 
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Figure 1-7.   New LED Eaton Metalux wraparound luminaires installed in Building 726. 
 
 

  
 

Figure 1-8.   Fluorescent lighting at firing positions in Building 738A. 
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Figure 1-9.   New LED Orion Harris retrofit conversion kits installed in Building 738A. 
 
 

 
 

Figure 1-10.   Fluorescent lighting in Building 734. 
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Figure 1-11.  Fluorescent lighting in Building 734. 
 
 

 
 

Figure 1-12.  Upgraded Sylvania LEDVANCE lighting in Building 734. 
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Figure 1-13.  Upgraded Sylvania LEDVANCE LED lighting in Building 734. 
 
 
 (7)  ATC developed a draft Fluorescent Lamp Replacement Guidance Manual (ref 4) that 
is intended to be used for selecting one or more of the best available LED lamp/retrofit designs 
for installation at ATC.  The Guidance Manual includes the different LED technologies available, 
the strengths and weaknesses of each LED technology, lighting guidance based on UFC policy, 
procedures for evaluating and selecting appropriate LED options, online resources with 
searchable databases for selecting compatible LED systems and locating incentive programs, 
and general guidance for handling and disposing of fluorescent lamps and ballasts. 
 
 (8)  Selected LED designs were purchased through a distributor and shipped to ATC for 
installation. 
 
 (9)  Before installation began, TDSS personnel met with the Michaelsville Facility Manager 
to coordinate the LED conversion based on the established firing schedule. 
 
 (10)  All products were installed in the selected facilities during a 2-week time period. 
 
 (11)  All waste material from the old fluorescent fixtures (metal housings, plastic grates, old 
wiring) and the new LED technology (cardboard packaging) were broken down and separated 
into the appropriate container for recycling.  Several fixtures, ballasts and energy efficient 
fluorescent bulbs that were determined to be in pristine condition were returned to ATC Facilities 
for re-use at other sites.  The remaining outdated fluorescent bulbs and ballasts were transferred 
to ATC Facilities personnel for recycling at Building 5110, U.S. Army Garrison Hazardous Waste 
Disposal Facility, APG. 
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 e. Results.  Determining the hazardous waste reduction resulting from the conversion of 
fluorescent light to LED technology at the nine ATC facilities was accomplished by documenting 
the bulb type, bulb weight, mercury content and quantity removed during the system upgrades.  
Based on the data that were collected, the calculated weight of the 238 T-8 fluorescent bulbs that 
were removed during LED modifications was measured at 68.40 lb by TDSS personnel.  By using 
the recycling cost of $1.75/lb. that was extracted from the 2015 Waste Generation Report 
provided by the APG U.S. Army Garrison-Environmental Office, a disposal cost of $119.70 was 
calculated. Manufacturer’s specification sheets obtained for the 238 fluorescent bulbs that were 
removed from the fixtures, indicated that an estimated 536.65 mg of mercury was removed from 
the waste stream at ATC.  
 
 The energy usage for both the original fluorescent fixtures and the updated LED technology 
was calculated for the nine facilities to determine the energy efficiency savings.  Based on the 
data that were collected during the LED conversion, it was estimated that the 81 fluorescent 
fixtures removed from the nine facilities used 7616 W of electricity.  After the facilities were 
converted from fluorescent to LED technology, the wattage was significantly reduced to 2889 W, 
resulting in a 62-percent reduction or a savings of 4727 W.  
 
 An economic analysis was calculated to compare the various lighting technologies that were 
implemented at ATC and the cost benefits of each based on the wattage, price per unit, anticipated 
lifespan of technology, energy rate and hours of operation.  As part of the economic analysis, a 
lifecycle comparison was made between the fluorescent bulbs and the new LED technology using 
the LED Waves’ LED Savings Calculator (https://www.ledwaves.com/pages/led-calc).  A price per 
unit cost was calculated for each fixture by totaling the product cost together with the labor charges 
to install the technology (fluorescent or LED) based on a labor rate of $64 per hour.  The costs for 
upgrading each facility were tracked through purchase requests and the documented time required 
to upgrade the designs as witnessed during the facility upgrades (table 2.3-1).  For the Sylvania 
LEDVANCE Edge-Lit luminaires, the price per unit cost was estimated at $148 which includes the 
$100 product cost for a 2- by 4-ft panel and $48 labor, based on 45 min of installation.  For the 
Eaton Metalux wraparound strip light, the price per unit cost was estimated at $130.00 which 
includes the $82 product cost and $48 labor, based on 45 min of installation.  For the Orion Harris 
retrofit conversion kit, the price per unit cost was estimated at $110.34 which includes the $94.34 
product cost and $16.00 labor, based on 15 min of installation. 
 
 The Total Savings and Break-Even Point was calculated for fluorescent bulb replacement 
versus LED technology using the LED Waves’ LED Saving Calculator and in accordance with the 
simplified payback economic analysis used by the Office of the Assistant Chief of Staff for 
Installation Management (ACSIM) (ref 6) (tables 2.3-2 and 2.3-3).  Based on the three technologies 
that were installed at the nine ATC facilities, a Total Savings of $31,231 was calculated based on the 
combined maintenance and electricity savings over the lifecycle of the LED technologies.  For facilities 
that originally had 128-W fixtures, the conversion to any of the three LED designs resulted in a break-
even point ranging from 2.12 years to 3.46 years.  For facilities that originally had 64-W fixtures, the 
conversion to any of the three LED designs resulted in a break-even point ranging from 5.02 years to 
almost 7.33 years.  The effect that increased energy reduction has on the payback period for 
conversion to LED lighting is summarized in Tables 2.3-4 and 2.3-5. 
 
  

https://www.ledwaves.com/pages/led-calc
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 A second scenario was also analyzed for three of the upgraded facilities that compared 
upgrading the ATC facilities with new fluorescent luminaires versus the installation of new LED 
designs.  Three facilities were selected so that each LED design could be compared against the 
new fluorescent luminaire replacement.  Similar to the first scenario, the total wattage, price per 
unit, energy rate, hours of operation and annual electricity costs were compared based on the 
lifespan of the LED technology for the three facilities.  The data revealed that for Building 322, 
selecting the Sylvania LEDVANCE technology over the new 128-W fluorescent luminaires would 
require investing 70 percent more and would result in a wattage reduction of 528 W and an annual 
energy cost savings of $168.03.  For Building 726, selecting the Metalux Eaton luminaire over the 
new 64-W fluorescent luminaire would cost 49 percent more and would deliver a wattage 
reduction of 168 W and an annual energy cost savings of $53.46.  For Building 734, selecting the 
Orion Harris retrofit conversion kit over the new 128-W fluorescent luminaires would cost  
27 percent more but would provide a wattage reduction of 505 W and an annual energy cost 
savings of $160.71.  
 
 The Total Savings and Break-Even Point was calculated for fluorescent luminaire 
replacement versus LED technology through the LED Waves’ LED Saving Calculator  
(table 2.3-7).  Other LED vendors use similar software to calculate both Total Savings and  
Break-Even Point for LED conversions and produced identical results.  For the three facilities that 
were analyzed, the total savings for implementing LED technology over fluorescent luminaires was 
determined to be $13,648 and the break-even point for the LED investment ranged from 0.50 to 
1.81 years.  Based on the data that were obtained, the three LED technologies present a more  
cost-effective and energy efficient option than upgrading with fluorescent fixtures despite the higher 
initial cost. 
 
1.3   CONCLUSIONS 
 
 The upgrading of the nine facilities at ATC revealed that both fixture wattage and the rated 
lifecycle of a lighting design had the most influence on the Total Savings and the Break-Even Point 
when comparing fluorescent light to LED technology.  For facilities such as Buildings 322, 734 and 
738B that were originally fitted with four 32-W bulbs in the fluorescent fixtures (128 W total), the 
conversion to efficient LED technology with significantly less wattage per fixture such as the Orion 
Harris LED retrofit conversion kit, (27 W,) Metalux Eaton LED luminaire (36 W) or Sylvania 
LEDVANCE luminaire (40 W), yielded energy reductions ranging from 69 to 71 percent (table 2.2-1).  
The remaining facilities that were originally fitted with two 32-W fluorescent lights (64 W total) did not 
produce energy reductions as significant as the 128-W facilities when upgraded to LED technology.  
However, the conversion still exceeded a 40 percent energy reduction using one or a combination of 
the three new LED technologies.   
 
 The rated lifecycle was another critical contributor for determining the Total Savings and 
Break-Even Point for comparing LED versus fluorescent light technology.  Based on the different 
lifecycles associated with each LED technology, a fluorescent fixture would have to be replaced two 
times during the lifecycle of the Sylvania LEDVANCE luminaire (50,000 hr) or the Eaton Metalux 
strip light luminaire (60,000 hr).  For the Orion Harris retrofit conversion kit that has an estimated 
lifecycle of 100,000 hr, an old fluorescent bulb would require replacing four times during the 
projected lifecycle of the Orion Harris retrofit conversion kit design.  As a result, the implementation 
of the LED designs into the facilities at ATC has prevented the disposal of two to four lifecycles of 
mercury into the waste stream at APG and any associated maintenance and labor costs such as 
re-lamping of the fluorescent fixtures or ballast replacement over the LED lifespan. 
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 An analysis of the data used to determine the Total Savings and Break-Even Point revealed 
that the product and installation costs associated with the LED conversion did not make a 
considerable impact on the final analysis.  In fact, all three of the LED products were similarly 
priced (within $20) and the labor costs that varied (within $32) were absorbed in the Total Savings 
because they were one-time costs.  The real impact came from the recurring annual costs over 
the LED’s life cycle such as the reduction in wattage and electricity costs resulting from the LED 
conversion, avoiding the labor to replace the fluorescent bulbs, and the labor cost for re-lamping 
the fluorescent fixtures over a typical LED lifecycle ranging from 16 to 32 years.  
 
 A comparison of the three LED technologies was also completed and revealed that the Orion 
Harris retrofit conversion kit provided the best Total Savings and Break-Even Point due to several 
contributing factors.  First, the Orion Harris retrofit conversion kit was recognized as a DLC premium 
product because it has an expected life cycle of 100,000 hr, which is 40 percent higher than the 
Metalux Eaton luminaire and 50,000 hr higher than the Sylvania LEDVANCE luminaire.  The Orion 
Harris technology has an extremely low fixture wattage (27 W) compared to the Eaton Metalux 
(36 W) and Sylvania LEDVANCE (40 W) which factors into the Total Savings equation significantly 
over an expected 32-year lifecycle.  Also, the price per unit cost for the Orion Harris LED 
technology was the lowest of the three designs because installation took 15 min or less and the 
material cost was lower than the other two LED technologies.   
 
 The Metalux Eaton luminaire had a low break-even point of 2.84 years when Building 734 
was converted from 128 W to 36 W; however it also had the highest break-even point of  
7.33 years when converting 64-W fixtures to LED technology as demonstrated in six of the 
facilities upgraded.  The data for Sylvania LEDVANCE are deceiving since it had a break-even 
point of 3.46 years when converting 128-W facilities.  If the Sylvania LEDVANCE technology 
would have been installed in 64-W facilities, the break-even point would have been much higher 
because the lifecycle of the technology was the lowest, the wattage per fixture was the largest 
and it has the highest price per unit cost due to material costs and an estimated installation time 
of 30 min.  
 

 Online resources such as the LED Lighting Facts Products Database and the DLC QPL are 
excellent resources for facility managers to locate new LED technology that has been tested and 
verified by an independent laboratory prior to procurement.  These databases allow the user to search 
for compatible designs based on product categories, product size and use location using inputs such 
as lumen output, wattage, color rendering index (CRI), correlated color temperature (CCT), efficacy, 
certifications (ENERGY STAR or DLC QPL), warranties and the rated lifecycle of the design. 
 

1.4   RECOMMENDATIONS 
 

 ATC recommends that the following be considered before procuring LED products: 
 

 a. Five-Year Versus 10-Year Warranties.  Section 2-4.1.1 of the UFC titled, Solid State 
Lighting, indicates that consistent with industry standard, all LED luminaires require a 10-year 
warranty.  However, after providing UFC design specifications to numerous LED vendors and 
speaking with them directly regarding warranties, it was revealed that a 5-year or 50,000-hr 
warranty is standard from the majority of LED manufacturers. 
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 For the limited LED lighting manufacturers that still offer 10-year warranties, the extended 
warranty is an insurance policy for driver failure that is expected to begin after 5 years of use. 
Basically, when a buyer purchases an LED product with a 10-year warranty, they are getting the 
same 5-year LED design with a 50- to 75-percent premium that is incorporated into the product 
cost as a cushion for additional LED drivers that the buyer will need in the future. 
 
 Based on discussions conducted with several product manufacturers and vendors, it 
appears that the concept of a 10-year warranty on LED technology has almost disappeared for 
several reasons.  First, the cost for a 10-year warranty has limited the competitiveness of the 
product and secondly, LED technology is evolving so quickly in terms of product development 
and efficiency, that a 5-year extension may not be a wise investment. 
 
 Another consideration on warranties is the language in the warranty.  Many of the 
manufacturer’s warranties can vary from Premium Warranties that cover both product and service 
to limited warranties that replace only the defective parts (ref 5). 
 
 b. Manufacture Date on LED Products.  To get the most updated and efficient LED 
products that are available and maximize the lifecycle benefits and product warranty, it is 
recommended to purchase products that have been produced within the last 12 months. 
 
 c. Government Services Administration (GSA) Products.  An extensive product search was 
conducted on the GSA website to locate LED retrofit conversion kits and luminaires that conform 
to UFC specifications.  The product search revealed that none of the available designs could meet 
the minimum efficacy of 120 LPW for LED retrofit conversion kits and only a few recessed troffer 
luminaires were available with a CCT of 4100K or less.  However, none of the luminaires found 
during the GSA product search were competitively priced compared to the LED designs that were 
purchased from the distributors.  
 
 d. Target 128-W Fluorescent Fixtures. To reap the maximum energy savings and 
environmental benefits from an investment in LED technology, target facilities should upgrade the 
fluorescent fixtures that use the most wattage first.  With most of the new LED technology using 
27 to 40 W per fixture, conversion to LED technology of 128-W fluorescent fixtures (fig. 1-14) can 
reduce energy costs by nearly 70 percent, while 64-W fixture conversions can yield a 40-percent 
energy reduction. 
 
 e. Fluorescent Bulb Replacement Versus Luminaire Replacement.  Revised guidance with 
respect to the replacement of fluorescent light tubes with tubular LED bulbs to extend the life of 
existing lighting fixtures was published during development of this document by the Department 
of Energy (DOE) SSL program, LED Lighting Facts.  Because of the recent commercially available 
advancements in LED luminaires and retrofit kits, the DOE was shifting away from fluorescent 
bulb replacements to recommending luminaire retrofits/replacements because the current 
luminaire technologies provide the greatest potential for performance improvement and savings. 
 
 f. An efficacy of 120 LPW was specified in the UFC for LED retrofit conversion kits, 
however; no efficacy has been established for the LED luminaires. 
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Figure 1-14.  Typical 128 W. Fluorescent Lamp Fixture. 
 
 
 g. Efficacy standards in the UFC should dictate guidance for efficacy with and without lens 
covers. 
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SECTION 2.   SUBTESTS 
 

2.1   HAZARDOUS WASTE REDUCTION 
 

2.1.1   Objective 
 

 Determine the amount of hazardous waste material that was being eliminated from the 
waste stream at ATC due to converting from fluorescent to LED lighting. 
 

2.1.2   Criterion Compliance and Analysis 
 

 None.  No waste reduction criterion was established for waste reduction.  The analysis was 
performed for informational purposes only. 
 

2.1.3   Analysis Procedures and Findings 
 

 a. While ATC Facilities personnel were installing the lighting modifications at each facility, 
TDSS personnel took photographs of the modifications (fig. 1-4 through 1-13) and recorded 
detailed information on both the old fluorescent bulb design and the new LED technology that was 
installed on LED Conversion Field Logs (app B).  For the old fluorescent bulb design that was 
removed, data collected included:  the type of bulbs, model numbers, wattage, bulb 
measurements, projected lifespan of bulb, bulb condition, weight of each bulb, number of fixtures 
and bulbs removed from each facility, type and condition of the ballast that was removed (if 
applicable) and the anticipated hours of operations.  
 

 b. For the LED lighting upgrades, detailed records were collected based on the type of LED 
design that was selected.  Data recorded included:  model of the luminaire/lamp/retrofit kit 
installed, lamp size, lamp weight, number of lamps installed into the new design, projected 
lifespan of LED design, efficacy in LPW, UL certification, values for CCT, CRI, total harmonic 
distortion (THD) and power factor (PF), and the date that the product was manufactured.  Also, 
LED specification sheets were obtained from each vendor specifying the rated lifecycle and 
warranty information for each upgraded design (app C). 
 

 c. After the fluorescent waste bulbs were removed from the existing fixtures and the details 
were documented on the field logs, the specific bulb models were researched to determine the 
mercury content that was removed from the waste stream and replaced with a nonhazardous LED 
light source.  Locating the estimated mercury content for each T-8 fluorescent bulb was quite tedious 
since some of the lamps were discontinued.  Archived product data were not available on the bulb 
manufacturer’s website, Safety Data Sheets (SDSs) only provided the mercury value in percentage 
of bulb weight and the majority of the product literature available was focused on the projected life 
expectancy of the lamps and refrained from quantifying the mercury content by volume.  They do 
however; acknowledge that rapid improvements in fluorescent light technology have resulted in new 
environmentally friendly products that are low in mercury, toxicity characteristic leaching procedure 
(TCLP) compliant and 50 to 66 percent less in mercury concentration than designs sold prior to 1999. 
 

 d. The necessary mercury data were successfully located by extracting specification sheets 
from distributors’ websites that once sold the discontinued fluorescent light products (app D).  Then, 
for each facility, the fluorescent bulb type, bulb model, quantity of bulbs removed and estimated 
mercury content of the bulbs were summarized (table 2.1-1).  Based on the removal of 238 bulbs 
from 81 fixtures at nine facilities on ATC, an estimated 536.65 mg of mercury was removed from 
the waste stream. 
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TABLE 2.1-1.    TOTAL MERCURY CONTENT REMOVED BY MANUFACTURER  
AND BULB TYPE 

 

Building 
No. Fluorescent Bulb Type Bulb Model No. 

No. of Bulbs 
Removed 

Mercury (Hg) 
Content, 
mg/bulb 

Total Hg, 
mg 

322 Sylvania Octron Eco F032/741/Eco 24 3.5 84.0 

726 

Sylvania Octron Eco F032/741/Eco 2 3.5 7.0 

General Electric (GE)Trimline F32T8-SP41 8   2.95 23.6 

Philips TL-80 F32T8/TL841 2 1.7 3.4 

734 Philips Alto II-700 Series F32T8/741 104 1.7 176.8 

734A Sylvania Octron F032/741 12 3.5 42.0 

735A 
Sylvania Octron Eco F032/741/Eco 4 3.5 14.0 

GE Trimline F32T8-SP41 8   2.95 23.6 

736A 
Sylvania Octron Eco F032/T41/Eco 4 3.5 14.0 

GE Trimline F32T8-SP41 8   2.95 23.6 

737A 

Philips Hi-Vision Alto F32T8/TL841 1 1.7 1.7 

Sylvania Octron Eco F032/T41/Eco 10 3.5 35.0 

GE Trimline F32T8-SP41 1   2.95 2.95 

738A 
Philips TL-70 Alto Collection F32T8/TL 741 22 1.7 37.4 

Philips Alto II-800 Series F32T8/TL841 8 1.7 13.6 

738B Philips Alto-700 Series F32T8/TL 741 20 1.7 34.0 

Total No. Bulbs Removed: 238 Total: 536.65 

 
 

 e. The calculated weight of the 238 T-8 fluorescent bulbs that were removed during LED 
modifications was measured at 68.40 lb by TDSS personnel.  By using the recycling cost of 
$1.75/lb that was extracted from the 2015 Waste Generation Report provided by the APG U.S. 
Army Garrison-Environmental Office, a disposal cost of $119.70 was calculated (table 2.1-2).  
This information was useful to project the hazardous waste disposal costs that are being 
eradicated by converting from fluorescent to LED technology.   
 
 

TABLE 2.1-2.   ESTIMATED DISPOSAL COSTS BASED ON WEIGHT OF  
FLUORESCENT LAMPS 

 
Building 

No. Fluorescent Lamp Type Bulb Model No. 
No. of Bulbs 

Removed 
Weight of 
Bulbs, lb 

Estimated 
Disposal Cost 

322 Sylvania Octron Eco F032/741/Eco 24 9.60 $16.80 

726 

Sylvania Octron Eco F032/741/Eco 2 0.80 $1.40 

GE Trimline F32T8-SP41 8 3.20 $5.60 

Philips TL-80 F32T8/TL841 2 0.40 $0.70 

734 Philips Alto II-700 Series F32T8/741 104 20.80 $36.40 

734A Sylvania Octron F032/741 12 4.80 $8.40 

735A 
Sylvania Octron Eco F032/741/Eco 4 1.60 $2.80 

GE Trimline F32T8-SP41 8 3.20 $5.60 

736A 
Sylvania Octron Eco F032/T41/Eco 4 1.60 $2.80 

GE Trimline F32T8-SP41 8 3.20 $5.60 

737A 

Philips Hi-Vision Alto F32T8/TL841 1 0.40 $0.70 

Sylvania Octron Eco F032/T41/Eco 10 4.00 $7.00 

GE Trimline F32T8-SP41 1 0.40 $0.70 

738A 
Philips TL-70 Alto Collection F32T8/TL 741 22 8.80 $15.40 

Philips Alto II-800 Series F32T8/TL841 8 1.60 $2.80 

738B Philips Alto-700 Series F32T8/TL 741 20 4.00 $7.00 

Total: 238 68.40 $119.70 

  



 

2.1-3 

 f. A lifecycle comparison between the fluorescent bulbs and the new LED technology was 
made using the LED Waves’ LED Savings Calculator (https://www.ledwaves.com/pages/led-calc).  
The lifecycle comparison was calculated to determine the projected lifespan for both the 
fluorescent light and new LED design, the estimated number of times that an old fluorescent 
fixture will be replaced per year based on the inputs and the estimated number of fixture 
replacements that will occur over the lifecycle of the LED lamp.   
 
 Based on a standard 60-hr work week, a fluorescent fixture would have to be replaced two 
times during the expected lifecycle of the Sylvania LEDVANCE luminaire (50,000 hr) or the Eaton 
Metalux strip light luminaire (60,000 hr).  For the Orion Harris retrofit conversion kit that has a 
projected lifecycle of 100,000 hr, an old fluorescent bulb would require replacing four times during 
the 32-year projected lifespan of the Orion design.  Therefore, the implementation of the LED 
designs into the facilities at ATC has prevented the introduction and disposal of two to four lifecycles 
of fluorescent bulbs containing mercury into the waste stream at APG.  A lifecycle comparison of 
fluorescent to LED technology is provided in Table 2.1-3. 
 
 

Table 2.1-3.   LIFECYCLE COMPARISON OF FLUORESCENT 
TO LED TECHNOLOGY 

 

 

Lifespan of 
Technology 
(Continuous 

Use), hr 

Lifespan when Used 
12 Hours a Day 5 

Days a Week 

No. of Times an Old 
Fluorescent Fixture is 
Replaced During LED 

Lifespan 

Fluorescent bulbs 22,500 7.21 years Two times per fixture 

Sylvania LEDVANCE 
luminaires 

50,000 16.03 years 
- 

Fluorescent bulbs 22,500 7.21 years Two times per fixture 

Eaton Metalux strip 
light luminaire 

60,000 19.23 years 
- 

Fluorescent bulbs 22,500 7.21 years Four times per fixture 

Orion Harris retrofit 
conversion kit 

100,000 32.05 years - 

 

https://www.ledwaves.com/pages/led-calc
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2.2   ENERGY EFFICIENCY SAVINGS 
 
2.2.1   Objective 
 
 Assess the energy efficiency savings by upgrading from fluorescent to LED technology. 
 
2.2.2   Criterion Compliance and Analysis 
 
 None.  The Fluorescent Lamp Replacement Study was performed to determine whether the 
LED luminaires and LED retrofit conversion kits achieved a 40-percent energy reduction.  A  
40-percent energy reduction was forecasted by the Department of Energy (DOE) as an expected 
energy savings for a fluorescent to LED conversion. 
 
2.2.3   Analysis Procedures and Findings 
 
 a. During lighting modifications, TDSS personnel recorded detailed information from each 
facility such as the number of fixtures, the number of fluorescent lamps, the wattage of the original 
fluorescent bulbs and the upgraded LED designs to determine wattage reductions and energy 
savings (table 2.2-1). 
 
 

TABLE 2.2-1.   WATTAGE AND ENERGY REDUCTIONS 
 

Building 
No. 

No. of 
Fixtures 

No. of 
Fluorescent 

Lamps 

Old 
Fluorescent 

Wattage 

No. of 
LED 

Lamps 
New LED 
Wattage 

Reduction 
in Watts 

Energy 
Reduction, 

% 
a322   6   24   768   6   240   -528 69 

 726   6   12   384   6   216   -168 44 

 734 26 104 3328 26   955 -2373 71 

734A   6   12   384   6   216   -168 44 

735A   6   12   384   6   216   -168 44 

736A   6   12   384   6   216   -168 44 

737A   6   12   384   6   216   -168 44 

738A 14   30   960 14   414   -546 57 

738B   5   20   640   5   200   -440 69 

Totals 81 238 7616 81 2889 -4727 62 

 
aData for Building 322 reflects the six fixtures that were upgraded from fluorescent to LED  
 technology and does not include the three LED fixtures that were added to support the modified 
use of the office space. 
 
 
 b. Based on the data that were obtained, it was estimated that the 81 fluorescent fixtures 
removed from the nine facilities used 7616 W of electricity.  After the facilities were converted from 
fluorescent to LED technology, the wattage was reduced to 2,889 W, resulting in a 62-percent 
reduction or a savings of 4727 W.  
 
 c. The distribution and wattage of the three LED technologies at the nine facilities have 
been summarized in Table 2.2-2. 
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TABLE 2.2-2.   WATTAGE OF LED UPGRADES BY LOCATION 
 

Building 
No. 

No. of 
Fixtures 

No. of 
Sylvania 

Edge-Lit Panel 
(40 W) 

No of Eaton 
Metalux 

Wraparound 
(36 W) 

No. of Orion 
Harris Retrofits 

(27 W) Total Watts 
a322    6   6     240 

 726   6    6    216 

 734 26 16   5   5   955 

734A   6    6    216 

735A   6    6    216 

736A   6    6    216 

737A   6    6    216 

738A 14    4 10   414 

738B   5   5     200 

Totals 81 27 39 15 2889 

 
aData for Building 322 reflects the six fixtures that were upgraded from fluorescent to LED  
 technology and does not include the three LED fixtures that were added to support the modified 
use of the office space.  
 
 
 d. For facilities such as Buildings 322, 734 and 738B that were originally fitted with four  
32-W bulbs in the fluorescent fixtures (128 W total), the conversion to efficient LED technology 
with significantly less wattage per fixture, yielded energy reductions ranging from 69 to 71 percent 
(table 2.2-1).  For the remaining facilities that were originally fitted with two 32-W fluorescent lights 
(64 W total), upgrading to LED technology did not produce energy reductions as significant as the 
128-W facilities.  However, the conversion still exceeded a 40-percent energy reduction using one 
or a combination of the three new LED technologies. 
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2.3   ECONOMIC ANALYSIS 
 
2.3.1   Objective 
 
 Determine the costs of upgrading to LED technology at nine facilities on ATC and to 
calculate the Total Savings and Break-Even Point. 
 
2.3.2   Criteria Compliance and Analysis 
 
 No criterion has been established for the economic analysis. 
 
2.3.3   Analysis Procedures and Findings 
 
 a. To demonstrate the various lighting technologies that were implemented at ATC  
and the cost benefits of each, a lifecycle comparison was made between the fluorescent  
bulbs and the new LED technology using the LED Waves’ LED Savings Calculator 
(https://www.ledwaves.com/pages/led-calc).  This scenario, which was the first and primary scenario, 
compared the re-lamping of the old fluorescent fixtures with new fluorescent bulbs versus the 
installation of new LED technology at each of the nine ATC facilities (table 2.3-1).  Inputs that were 
loaded into the LED Waves’ LED Savings Calculator included the number of fixtures to be replaced, 
the wattage of both the old fluorescent fixtures and the new LED technology, price per unit, anticipated 
technology lifespan, energy rate and hours of operation. 
 
 b. Several assumptions were calculated to populate the LED Waves’ LED Savings 
Calculator and determine the initial investment energy savings and the Total Savings for each 
design and facility based on the estimated lifecycle of each technology.  An example of the product 
produced by the LED Waves’ LED Savings Calculator has been provided in Appendix E for 
reference purposes.  Assumptions loaded into the LED Waves’ LED Savings Calculator with 
justification include: 
  
 (1)  The price per unit cost was calculated by totaling the product cost together with the labor 
charges to install the technology (fluorescent or LED) based on a labor rate of $64 per hour.  The 
costs for upgrading each facility including labor charges and material costs were tracked through 
labor reports, purchase requests and the documented time required to upgrade the designs as 
witnessed during facility upgrading. 
 
 (2)  For the Sylvania LEDVANCE Edge-Lit luminaires, the price per unit cost was estimated 
at $148 which includes the $100 product cost for a 2- by 4-ft panel and $48 labor, based on 45 min 
of installation.  For the Eaton Metalux wraparound strip light, the price per unit cost was estimated 
at $130.00 which includes the $82 product cost and $48 labor, based on 45 min of installation.  For 
the Orion Harris retrofit conversion kit, the price per unit cost was estimated at $110.34 which 
includes the $94.34 product cost and $16.00 labor, based on 15 min of installation.   
 
 (3)  The 45-min labor charge for the Metalux wraparound strip light includes installation of the 
design, rewiring of the fixture and installation of new metal conduit.  The 45-min labor charge for the 
Sylvania LEDVANCE Edge-Lit luminaire includes installation of the design, rewiring of the fixture, 
splicing into existing junction boxes and time spent hanging/inserting luminaries in the ceiling 
around obstacles such as ductwork and insulation.  The 15-min of labor time for the Orion Harris 
retrofit conversion kit includes inserting the new troffer, inserting the mounting brackets and plugging 
in the connectors to the line voltage. 
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 (4)  The price per unit cost for replacing the old fluorescent lamp fixture with a new fluorescent 
light luminaire was estimated at $87.  This cost includes a $55 luminaire cost to upgrade to a similar 
fluorescent light fixture based on the average cost of similar fluorescent luminaires available from 
GSA and commercial sources and a $32 labor charge based on 30 min of installation. 
 
 (5)  For fluorescent bulb replacement, the cost was estimated at $28 for 128-W fixtures (four 
32-W bulbs) and $22 for 64-W (two 32-W bulbs).  The cost for fluorescent bulbs was estimated at 
$3 each (the average GSA cost per bulb) and the labor charge to switch out the bulbs which was 
estimated at $16 based on 15 min of installation and disposal fees. 
 
 (6)   The lifespan for old fluorescent lamp fixtures was estimated at 22,500 hr.  Fluorescent 
lamps extracted ranged between 21,000 and 30,000 hr for the expected life cycle based on  
12-hr instant start specifications.  Therefore, based on an 12-hr/day and 60-hr work week and a 
variety of bulb designs, 22,500 hr were used as the average expected life cycle to populate the 
database for fluorescent fixture lifespan. 
 
 (7)  Re-lamping is the replacement of bulbs in light fixtures that is completed either on a 
regular schedule or as each bulb fails.  The labor cost for re-lamping cost was estimated at $20 
per fixture based on 15 min of installation, fixture cleaning and disposal fees. 
 
 (8)  An energy rate (electricity cost) of 10.2¢/kWh was used to populate the LED Waves LED 
Savings database.  The data were provided by the U.S. Army Garrison APG Energy Manager and 
represent the Army tenant energy rate for fiscal year (FY) 2017.  The annual electricity cost was 
calculated by using the Army tenant energy rate and the hours of operation (5 days a week,  
12 hr/day) based on a 60-hr work week to populate the LED savings database. 
  
 (9)  The total wattage was calculated based on the wattage of each fixture and the total 
number of fixtures per facility. 

 
 c. As part of the modification process, TDSS personnel documented any design 
deficiencies, maintenance issues or product damage that were uncovered during design 
implementation.  The only issue that was encountered during installation was that one of the 
Eaton Metalux luminaries had a crushed lens cover when opened from its original packaging.  
Since the luminaire was under warranty, the defective luminaire was returned to the vendor and 
a replacement unit was supplied promptly for installation without any setbacks to the schedule. 
 
 d. For determining the Total Savings, TDSS investigated energy incentives, discounts and 
rebates that were available for LED products prior to completing the procurement process.  
Energy incentives/rebates were available for LED technology through Baltimore Gas & Electric 
(BGE), however, the energy incentives could not be leveraged because they have to be reviewed, 
submitted and approved prior to the purchase of the LED equipment which would delay product 
installation and evaluation.  The BGE representative that was consulted indicated that this would 
be a minimum 4- to 6-month process for application submission and approval. 
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TABLE 2.3-1.   DESIGN AND LIFESPAN COMPARISON BASED ON LED WAVES’ LED SAVINGS CALCULATOR 
 

Building 
No. Fixture Type 

No. of 
Fixtures 

Initial 
Cost 

Total 
Wattage 

Annual 
Electricity 

Cost 
Lifespan, 

hr 

Lifespan for 
60-hr Week, 

years 

322 
Fluorescent (bulb replacement)   6 $168 768 $244.41 22,500 7.21 

Sylvania LEDVANCE   6 $888 240   $76.38  50,000 16.03 

726 
Fluorescent (bulb replacement)   6 $132 384 $122.20 22,500 7.21 

Metalux Eaton   6 $780 216   $68.74 60,000 19.23 

734 

Total Fluorescent (bulb replacement) 26 $728 3328   $1059.10 22,500 7.21 

Sylvania LEDVANCE 16 $2368 640 $203.67 50,000 16.03 

Metalux Eaton   5 $650 180 $57.28 60,000 19.23 

Orion Harris Retrofit   5 $551 135 $42.96 100,000 32.05 

734A 
Fluorescent (bulb replacement)   6 $132 384 $122.20 22,500 7.21 

Metalux Eaton   6 $780 216   $68.74 60,000 19.23 

735A 
Fluorescent (bulb replacement)   6 $132 384 $122.20 22,500  7.21  

Metalux Eaton   6 $780 216   $68.74 60,000 19.23 

736A 
Fluorescent (bulb replacement)   6 $132 384 $122.20 22,500 7.21 

Metalux Eaton   6 $780 216   $68.74 60,000 19.23 

737A 
Fluorescent (bulb replacement)   6 $132 384 $122.20 22,500 7.21 

Metalux Eaton   6 $780 216   $68.74 60,000 19.23 

738A 

Fluorescent (bulb replacement) 14 $308 896 $285.14 22,500 7.21 

Orion Harris Retrofit 10 $1103 270 $85.92 100,000 32.05 

Metalux Eaton   4 $520 144 $45.83 60,000 19.23 

738B 
Fluorescent bulbs   5 $140 640 $203.67 22,500  7.21 

Sylvania LEDVANCE   5 $740 200   $63.65 50,000 16.03 
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 e. Data entered into the LED Saving Calculator for the first scenario included the initial cost 
of fluorescent bulb replacements versus the LED design(s), the total wattage and annual electricity 
cost at each facility based on the design and the lifespan for each technology based on a 60-hr 
work week (table 2.3-1).  For facilities that were upgraded with more than one LED technology such 
as for Building 734, the 26 fluorescent fixtures were calculated against the 16 Sylvania LEDVANCE 
luminaires, 5 Metalux Easton LED luminaires and 5 Orion Harris retrofit conversion kits.  This 
breakdown was necessary to determine the initial cost, total wattage and annual electricity cost 
based on the specific LED design.  For this example, the combination of the three different LED 
technologies in Building 734 used 955 W at an annual electrical cost of $303.91 compared to the 
fluorescent lamps that use 3328 W at an annual electrical cost of $1059.10.  
 
 f. As shown in Table 2.3-1, the initial cost for replacing the fluorescent bulbs in the fixtures 
was the lowest cost option compared to the cost for purchasing and installing any of the three 
LED technologies.  However, when the wattage requirements (energy usage) of the fluorescent 
bulbs per fixture (64 or 128 W) are compared to the Orion Harris LED retrofit conversion kit  
(27 W), the Metalux Eaton LED luminaire (36 W) or the Sylvania LEDVANCE luminaire (40 W) 
that have lifecycles ranging from 16 to 32 years, the energy savings alone justifies the integration 
of LED technology into the facilities as shown in Table 2.3-2.  The Total savings and break-even 
analysis are given below.  
 
 g. For each facility, the specific LED technology installed was compared against fluorescent 
bulb replacement based on maintenance practices such as the cost of bulb replacements and  
re-lamping each year, the total annual cost to operate the technology, total cost over the lifecycle of 
the technology, and the total savings by converting to the LED technology (table 2.3-2).  This 
information and the total savings was determined by loading facility specific data into the LED 
Waves’ LED Savings Calculator.  Based on the three LED technologies that were installed at the 
nine ATC facilities, a total savings of $31,231 was achieved through maintenance and electricity 
savings over the lifecycle of the LED technology. 
 
 Clarification on how each figure was determined has been provided below:  
 
 (1)  Cost of Replacements/Year = (Bulb cost) x (number of replacements per year). 
 
 (2)  Annual Labor Cost for Re-Lamping = (Labor cost for re-lamping) x (Number of 
replacements per year). 
 
 (3)  Total Annual Cost = (Cost of replacing fixtures) + (electricity) + (labor cost). 
 
 (4)  Total Cost = (Initial Technology Cost) + ((Total annual cost of technology) x (lifecycle 
of LED in years)). 
 
 (5)  Total Savings with the LED Fixture = (Total cost of old fluorescent fixture) - (Total cost 
of LED fixture) based on the lifecycle of the LED. 
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TABLE 2.3-2.   TOTAL SAVINGS FOR FLUORESCENT BULBS REPLACEMENT VERSUS LED TECHNOLOGY 
 

Building Technology 

Cost of 
Replacements 

each year 

Annual Labor 
Cost for  

Re-Lamping 

Annual 
Electricity 

Cost 

Total 
Annual 
Cost 

Annual 
Cost 

Savings 
with LED 

fixture 

Total Cost-
Based on 

Lifespan of 
LED 

Total 
Savings with 
LED fixture  

322 
Fluorescent bulbs $23.30 $16.64 $244.41 $284.34 

+$207.96 
  $4,724 

+$2,612 
Sylvania LEDVANCE - -   $76.38    $76.38   $2,112 

726 
Fluorescent bulbs $18.30 $16.64 $122.20 $157.15 

  +$88.41 
  $3,154 

+$1,053 
Metalux Eaton - -   $68.74   $68.74   $2,101 

734 

Fluorescent bulbs $62.12 $44.37 $651.76 $758.25 
+$554.58 

$12,599 
+$6,967 

Sylvania LEDVANCE - - $203.67 $203.67   $5,632 

Fluorescent bulbs $19.41 $13.87 $203.67 $236.95 
+$179.67 

  $4,696 
+$2,945 

Metalux Eaton - -   $57.28   $57.28   $1,751 

Fluorescent bulbs $19.41 $13.87 $203.67 $236.95 
+$193.99 

  $7,734 
+$5,806 

Orion Harris Retrofit - -   $42.96   $42.96   $1,928 

734A 
Fluorescent bulbs $18.30 $16.64 $122.20 $157.15 

  +$88.41 
  $3,154 

+$1,053 
Metalux Eaton - -   $68.74   $68.74   $2,101 

735A 
Fluorescent bulbs $18.30 $16.64 $122.20 $157.15 

  +$88.41 
  $3,154 

+$1,053 
Metalux Eaton - -   $68.74   $68.74   $2,101 

736A 
Fluorescent bulbs $18.30 $16.64 $122.20 $157.15 

  +$88.41 
  $3,154 

+$1,053 
Metalux Eaton - -   $68.74   $68.74   $2,101 

737A 
Fluorescent bulbs $18.30 $16.64 $122.20 $157.15 

  +$88.41 
  $3,154 

+$1,053 
Metalux Eaton - -   $68.74   $68.74   $2,101 

738A 

Fluorescent bulbs $30.51 $27.73 $203.67 $261.91 
+$175.99 

  $8,614 
+$4,757 

Orion Harris Retrofit - -   $85.92   $85.92   $3,857 

Fluorescent bulbs $12.20 $11.09   $81.47 $104.77 
  +$58.94 

  $2,102 
   +$701 

Metalux Eaton - -   $45.83   $45.83   $1,401 

738B 
Fluorescent bulbs $19.41 $13.87 $203.67 $236.95 

+$173.30 
  $3,937 

+$2,178 
Sylvania LEDVANCE - -   $63.65   $63.65   $1,759 

Total Savings Resulting from ATC Facility Lighting Conversions During LED Lifespan: +$31,231 
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 h. The break-even point (or payback period) was calculated for fluorescent bulb 
replacement versus LED technology through the LED Waves’ LED Saving Calculator and in 
accordance with the simplified payback economic analysis used by the ACSIM (ref 6) for the 
evaluation of pollution prevention projects.  Both methods were used to recognize and compare the 
results of economic analysis methods used by the Army and the LED lighting industry.  Additionally, 
the LED Waves’ LED Savings Calculator was used to determine the payback period using energy 
savings only and combined energy and maintenance savings to highlight the relative importance of 
these factors in the economics of conversion to LED technologies.  Descriptions of the formulas 
used for each payback analysis method is provided below.  Examples of the use of each formula 
are provided using data obtained during the Building 322 LED conversion.  The results of the 
payback analyses are summarized in Table 2.3-3.   
 
 (1)  ACSIM Simplified Payback Period Analysis: The ACSIM payback period formula is a 
simplified analysis method identified for use in the economic analysis of pollution prevention 
projects.  The formula below divides the implementation cost (equipment purchase and installation) 
by the total of the recurring cost savings (annual costs of the technology being replaced) minus the 
recurring cost of the new technology (annual LED energy usage). 
 
 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑃𝑒𝑟𝑖𝑜𝑑 = ÷  
𝐼𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡

(𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑒𝑐𝑢𝑟𝑟𝑖𝑛𝑔 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 − 𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑒𝑐𝑢𝑟𝑟𝑖𝑛𝑔 𝐶𝑜𝑠𝑡𝑠)
 

 
 
 As an example, the Building 322 LED technology implementation cost was $888 (installation 
of six fixtures at $148/fixture).  The annual recurring cost savings (annual energy and maintenance 
cost to maintain and operate the original fluorescent lighting) was $284.34/year and the annual 
recurring costs (annual energy to operate the LED lighting) was $76.38/year (table 2.3-2).  (Note: 
There are no annual maintenance costs associated with the LED lighting.)  Based on this analysis 
method, the payback period for the Building 322 LED implementation is 4.27 years. 
 
 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑃𝑒𝑟𝑖𝑜𝑑 =  
$888

($284.34/𝑦𝑒𝑎𝑟 − $76.38/𝑦𝑒𝑎𝑟)
= 4.27 𝑦𝑒𝑎𝑟𝑠 

 
 
 (2)  LED Waves’ Payback Period Analysis Using Power Savings Only (PSO): The payback 
period analysis used by the LED Waves’ LED Saving Calculator differs from the simplified payback 
period analysis used by the ACSIM.  LED Waves’ adjusts the implementation cost by subtracting 
the cost of re-lamping or replacing the fluorescent fixtures from the implementation cost of the 
LED fixtures.  This adjusts the implementation costs to reflect the implementation “cost growth” 
and determines the payback period for that implementation cost growth.  The annual energy cost 
savings is the difference between the annual energy cost of the fluorescent fixtures and the annual 
energy cost of the LED fixtures. 
 
 

 𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑃𝑒𝑟𝑖𝑜𝑑(𝑃𝑆𝑂) =  
(𝐿𝐸𝐷 𝐼𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 −  𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐹𝑖𝑥𝑡𝑢𝑟𝑒 𝑅𝑒𝑙𝑎𝑚𝑝𝑖𝑛𝑔 𝐶𝑜𝑠𝑡)

𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 
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 As an example, the Building 322 LED technology implementation cost was $888 (installation 
of 6 fixtures at $148/fixture) and the fluorescent fixture re-lamping cost was estimated to be $168 
(re-lamping of the six each 128-W fixtures at $28/fixture).  The annual electricity cost data for both 
the fluorescent fixtures and LED fixtures (table 2.3-1) is used to determine the annual energy cost 
savings ($244.41/year - $76.38/year = $168.03/year).  Based on this analysis method which only 
considers energy costs as recurring costs, the payback period for the Building 322 LED 
implementation is 4.28 years. 
 
 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑃𝑒𝑟𝑖𝑜𝑑(𝑃𝑆𝑂) =  
($888 − $168)

$168.03
𝑦𝑒𝑎𝑟

=  4.28 𝑦𝑒𝑎𝑟𝑠 

 
 

 (3)  LED Waves’ Payback Period Analysis Using Total Cost Savings (TCS):  This payback 
period analysis is essentially the same as the previously described analysis method used by the 
LED Waves’ LED Saving Calculator with the exception that all annual recurring costs and savings 
(maintenance, energy, etc.) are used to determine the payback period.  The annual costs used in 
the denominator of the equation are the same as those used by the simplified payback period 
analysis used by the ACSIM.  Again, the LED Waves’ LED Saving Calculator adjusts the 
implementation cost by subtracting the cost of re-lamping or replacing the fluorescent fixtures from 
the implementation cost of the LED fixtures in order to reflect the implementation “cost growth”.  
The calculated payback period is for that implementation cost growth. 
 
 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑃𝑒𝑟𝑖𝑜𝑑(𝑇𝐶𝑆) =  
(𝐿𝐸𝐷 𝐼𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 −  𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐹𝑖𝑥𝑡𝑢𝑟𝑒 𝑅𝑒𝑙𝑎𝑚𝑝𝑖𝑛𝑔 𝐶𝑜𝑠𝑡)

𝐴𝑛𝑛𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 (𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 & 𝐸𝑛𝑒𝑟𝑔𝑦) 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 
 

 
 
 Using the Building 322 LED technology implementation again as an example, the LED 
implementation cost was $888 (installation of six fixtures at $148/fixture) and the fluorescent fixture 
re-lamping cost was estimated to be $168 (re-lamping of the six each 128 W fixtures at $28/fixture).  
The annual total recurring cost savings data for the fluorescent fixtures and the annual recurring  
cost data for the LED fixtures (table 2.3-2) is used to determine the annual total cost savings 
($284.34/year - $76.38/year = $207.96/year).  Based on this analysis method which considers all 
annual recurring costs, the payback period for the Building 322 LED implementation is 3.46 years. 
 
 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑃𝑒𝑟𝑖𝑜𝑑(𝑇𝐶𝑆) =  
($888 − $168)

(
$284.34

𝑦𝑒𝑎𝑟 −
$76.38
𝑦𝑒𝑎𝑟 )

=  3.46 𝑦𝑒𝑎𝑟𝑠 
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TABLE 2.3-3.   PAYBACK PERIOD FOR FLUORESCENT BULBS REPLACEMENT VERSUS LED TECHNOLOGY 
 

Building Technology 
Implementation 

Cost 

Recurring 
Cost 

(Fluorescent 
Technology 
Total Annual 

Cost) 

Recurring 
Cost (LED 

Technology) 

Payback Period (Break-Even Point) Analyses, years 

ACSIM Method 

LED Waves 
Method (Power 
Savings only) 

LED Waves 
Method (Total 
Cost Savings) 

322 
Fluorescent bulbs $168 $284.34  

4.27   4.28 3.46 
Sylvania LEDVANCE $888    $76.38 

726 
Fluorescent bulbs $132 $157.15  

8.82 12.12 7.33 
Metalux Eaton $780    $68.74 

734 

Fluorescent bulbs $448 $758.25  
4.27   4.28 3.46 

Sylvania LEDVANCE $2368  $203.67 

Fluorescent bulbs $140 $236.95  
3.62   3.48 2.84 

Metalux Eaton $650    $57.28 

Fluorescent bulbs $140 $236.95  
2.84   2.56 2.12 

Orion Harris Retrofit $551    $42.96 

734A 
Fluorescent bulbs $132 $157.15  

8.82 12.12 7.33 
Metalux Eaton $780    $68.74 

735A 
Fluorescent bulbs $132 $157.15  

8.82 12.12 7.33 
Metalux Eaton $780    $68.74 

736A 
Fluorescent bulbs $132 $157.15  

8.82 12.12 7.33 
Metalux Eaton $780    $68.74 

737A 
Fluorescent bulbs $132 $157.15  

8.82 12.12 7.33 
Metalux Eaton $780    $68.74 

738A 

Fluorescent bulbs $220 $261.91  
6.23   7.50 5.02 

Orion Harris Retrofit $1103    $85.92 

Fluorescent bulbs $88 $104.77  
8.82 12.12 7.33 

Metalux Eaton $520    $45.83 

738B 
Fluorescent bulbs $140 $236.95  

4.27   4.29 3.46 
Sylvania LEDVANCE $740    $63.65 
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 i. A comparison of the three LED technologies in Tables 2.3-2 and 2.3-3 revealed that the 
Orion Harris retrofit conversion kit provided the best Total Savings and Break-Even Point.  The Orion 
Harris retrofit conversion kit was recognized as a DLC premium product because it has an expected 
life cycle of 100,000 hr which is 40 percent higher than the Metalux Eaton luminaire and 50 percent 
higher than the Sylvania LEDVANCE luminaire.  The Orion Harris technology has a low fixture 
wattage (27 W) compared to the Eaton Metalux (36 W) and Sylvania LEDVANCE (40 W).  Also, the 
price per unit cost for the Orion Harris LED technology was the lowest of the three designs.  Installation 
took 15 min or less and the material cost was lower than the other two LED technologies.  The Metalux 
Eaton luminaire had a low break-even point of 2.84 years when Building 734 was converted from  
128 to 36 W.  However it also had the highest break-even point of nearly 7.33 years when converting 
64-W fixtures to LED technology as demonstrated in six of the facilities upgraded.  The data for 
Sylvania LEDVANCE are deceiving since it had a break-even point of 3.46 years when converting 
128-W facilities.  If the Sylvania LEDVANCE technology had been installed in facilities with 64-W 
fixtures, the break-even point would have been higher because the lifecycle of the technology was 
the lowest, the wattage per LED fixture was the largest and it has the highest price per unit cost due 
to the cost of materials and a 45-min installation time.  Of the factors influencing the economic analysis 
of converting fluorescent lighting to LED lighting, the projected annual energy savings are the major 
determinant in reducing the payback period.  The reduction in energy use (fixture wattage) between 
the fluorescent lighting and LED lighting is summarized in Table 2.3-4 along with the payback period 
calculated using the LED Waves’ TCS method.  The data are further summarized in Table 2.3-5 and 
clearly show that as the reduction in fixture energy usage increases, the payback period for conversion 
to LED lighting decreases. 
 
 

TABLE 2.3-4.   FIXTURE WATTAGE VERSUS PAYBACK  
PERIOD COMPARISON 

 

Building Technology 
Fixture 

Wattage 

Fixture 
Wattage 

Reduction 

Payback 
Period, 
years 

322 
Fluorescent bulbs 128 

  88 3.46 
Sylvania LEDVANCE 40 

726 
Fluorescent bulbs 64 

  28 7.33 
Metalux Eaton 36 

734 

Fluorescent bulbs 128 
  88 3.46 

Sylvania LEDVANCE 40 

Fluorescent bulbs 128 
  92 2.84 

Metalux Eaton 36 

Fluorescent bulbs 128 
101 2.12 

Orion Harris Retrofit 27 

734A 
Fluorescent bulbs 64 

  28 7.33 
Metalux Eaton 36 

735A 
Fluorescent bulbs 64 

  28 7.33 
Metalux Eaton 36 

736A 
Fluorescent bulbs 64 

  28 7.33 
Metalux Eaton 36 

737A 
Fluorescent bulbs 64 

  28 7.33 
Metalux Eaton 36 

738A 

Fluorescent bulbs 64 
  37 5.02 

Orion Harris Retrofit 27 

Fluorescent bulbs 64 
  28 7.33 

Metalux Eaton 36 

738B 
Fluorescent bulbs 128 

  88 3.46 
Sylvania LEDVANCE 40 
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TABLE 2.3-5.   CORRELATION OF FIXTURE 
WATTAGE AND PAYBACK PERIOD 

 

Fixture Wattage 
Difference 

Payback Period for 
LED Investment, 

years 

101 2.12 

  92 2.84 

  88 3.46 

  37 5.02 

  28 7.33 

 
 
 j. The second scenario that was analyzed for three of the upgraded facilities involved 
replacing the old fluorescent fixtures with new fluorescent light fixtures versus the installation of a 
LED design.  Three facilities were selected so that each LED implementation could be compared 
to the new fluorescent luminaire replacement.  As demonstrated in Table 2.3-6, the initial costs, 
total wattage and annual electricity costs were compared based on the lifespan of the LED 
technology for the three facilities.  The data revealed that for Building 322, selecting the Sylvania 
LEDVANCE technology over the new 128-W fluorescent luminaires would require investing  
70 percent more and would result in a wattage reduction of 528 W and an annual energy cost 
savings of $168.03.  For Building 726, selecting the Metalux Eaton luminaire over the new 64-W 
fluorescent luminaire would cost 49 percent more and would deliver a wattage reduction of  
168 W and an annual energy cost savings of $53.46.  For Building 734, selecting the Orion Harris 
retrofit conversion kit over the new 128-W fluorescent luminaires would cost 27 percent more but 
would deliver a wattage reduction of 505 W and an annual energy cost savings of $160.71.  
 
 

TABLE 2.3-6.   NEW FLUORESCENT VERSUS LED LUMINAIRE REPLACEMENT 
COMPARISON  

 

Building 
No. Fixture Type 

No. of 
Fixtures 

Initial 
Cost 

Total 
Wattage 

Annual 
Electricity 

Cost 
Lifespan, 

hr 

Lifespan for 
60-hr Week, 

years 

322 

Fluorescent 
(luminaire replacement) 

6 $522 768 $244.41   22,500   7.21 

Sylvania LEDVANCE 6 $888 240   $76.38   50,000 16.03 

726 

Fluorescent 
(luminaire replacement) 

6 $522 384 $122.20   22,500   7.21 

Metalux Eaton 6 $780 216   $68.74   60,000 19.23 

734 

Fluorescent 
(luminaire replacement) 

5 $435 640 $203.67   22,500   7.21 

Orion Harris retrofit 5 $552 135   $42.96 100,000 32.05 
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 k. The Total Savings and Break-Even Point was calculated for fluorescent luminaire 
replacement versus LED technology through the LED Waves’ LED Saving Calculator  
(table 2.3-7).  For the three of the nine facilities that were analyzed, the total energy savings for 
implementing LED technology over fluorescent luminaires was determined to be $13,648 and the 
payback period for the LED investment calculated using the LED Waves’ LED Saving Calculator 
ranged from 0.50 to 1.81 years.  Based on the data that were obtained, the three LED technologies 
present a more cost-effective and energy efficient option than upgrading with fluorescent fixtures 
despite the higher initial costs.   
 
 

TABLE 2.3-7.   SAVINGS AND PAYBACK COMPARISON FOR FLUORESCENT 
VERSUS LED FIXTURES 

 

Building 
No. Technology 

Annual Cost  
of Lamp 

Replacements 

Annual 
Re-lamping 
Labor Cost  

Total 
Annual 
Cost 

Total Cost 
Based on 
Lifespan 
of LED 

Total 
Savings 
with LED 
Fixture  

Break-Even 
Point For 

LED 
Investment, 

years 

322 

Fluorescent 
fixture 

$72.38 $16.64 $333.43 $5865 

+$3753 1.42 
Sylvania 

LEDVANCE 
- - $76.38 $2112 

726 

Fluorescent 
fixture 

$72.38 $16.64 $211.23 $4584 

+$2483 1.81 
Metalux Eaton - - $68.74 $2101 

734 

Fluorescent 
fixture 

$60.32 $13.87 $277.86 $9340 

+$7412 0.50 
Orion Harris 
Retrofit Kit 

- - $42.96 $1928 
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SECTION 3.   APPENDIXES 
 

APPENDIX A.   STUDY CRITERIA 
 
 None.  Study is being performed for informational purposes.  No specific performance 
criteria has been established. 
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APPENDIX B.   LIGHT-EMITTING DIODE (LED) CONVERSION FIELD LOGS 
 

Date: 20 March 2017 Building No.: 322 Technical Imaging 

Start Time , hr: 0830 End Time, hr: 1530 

No. of Light Fixtures Upgraded: 9 Luminaires - 6 (2- by 4-ft) and 3 (2- by 2-ft) 

Installers: Phil Hooker and Gregg Mergler 

 

Fluorescent 
 

Bulb 
Type(s): 

Sylvania Eco 
Friendly 

Model 
No: 

Octron/Eco  
F-032/741/ECO 

Wattage: 
32W, 
4100K 

Bulb 
Weight 

0.4 lb 

Bulb Size: T-8 (48-in. tube) 
Bulb 

Condition: 
Good 

Projected Lifespan of Bulb: 
28,000 hr based on 12-hr 

start on IS Ballast 
Anticipated Hours of 
Operation: 

9 

Type of Ballast: Model No.: Condition of Ballast: 

Advance Transformer REL-4P-32-LW-RH-TP Good 

Howard Industries EP4/32IS/MV/MC Good 

Philips Advance National 
Electrical Manufacturers 
Association (NEMA) Premium 

Centium ICN-4P32-SC Good 

Triad Lighting Technologies B432IUNVHP-A Good 

Triad MagneTek B432I120RH Good 

No. of Bulbs per Fixture: 4 Total No. of Bulbs Removed: 24 

Photographs: 0574-0582, ballast 0585-0588 

 

LED Conversion-Luminaires 
 

Type of LED Design: 
Sylvania 

LEDVANCE 
Model No.: 74250 Lamp Size: 

2- by 4-ft 
Edge-Lit Panel 

Lamp Weight, lb: 15.0 Efficacy/Lumens: 110 LPW/4400 

Lumen Depreciation Value: L70 at 50,000 hr Warranty, years: 5 

CCT Value: 4000K CRI Value: >80 
THD 
Value: 

<20 

PF Value: ≥0.9 or ≥90 percent Date Product was Manufactured 10-2016 

Anticipated Hours of Operation: 9 Projected Lifespan of Lamp: 50,000 hr 

No. of Lamps per Fixture: 1 Edge-Lit Panel Total No. of Lamps Installed: 6 

Photographs: 0589-0590, 0583-0584 
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LED Conversion-Luminaires 
 

Type of LED Design: 
Sylvania 

LEDVANCE 
Model No.: 74252 Lamp Size: 

2- by 2-ft 
Edge-Lit Panel 

Lamp Weight, lb: 7.6 Efficacy/Lumens: 110 LPW/3500 Watts: 32 

Lumen Depreciation Value: L70 at 50,000 hr Warranty, years: 5 

CCT Value: 4000K CRI Value: >80 
THD 
Value: 

<20 

PF Value: ≥0.9 or ≥90 percent Date Product was Manufactured 10-2016 

Anticipated Hours of Operation: 9 Projected Lifespan of Lamp: 50,000 hr 

No. of Lamps per Fixture: 1 Edge-Lit Panel Total No. of Lamps Installed: 3 

Photographs: 0591-0595 
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Date: 4 April, 5 April 2017 Building No.: 726 FP#11 

Start Time: 4 April 2017: 1245 to 1345,  End Time: 5 April 2017: 0730 to 0830 

No. of Light Fixtures Upgraded: 6 Metalux Eaton Surface Wraparound Luminaires 

Installers: Phil Hooker and Gregg Mergler 

 
Fluorescent 

 
Bulb 
Type(s): 

Sylvania 
Octron/Eco 

Model 
No: 

F032/741/Eco Wattage: 32 W  
Bulb 

Weight 
.0.4 lb 

Bulb 
Type(s): 

GE Trimline 
(Made in Canada) 

Model 
No: 

F32T8-SP41 Wattage: 32 W  
Bulb 

Weight 
.0.4 lb 

Bulb 
Type(s): 

Philips TL-80 
Model 

No: 
F32T8/TL841 Wattage: 32 W 

Bulb 
Weight 

.0.2 lb 

Bulb Size: T-8 (48” tube) 
Bulb 

Condition: 
Good 

Projected Lifespan of Bulb: 
Sylvania:  28,000 hr 

GE:  30,000 hr 
Philips:  24,000 hr 

Anticipated Hours of 
Operation: 

9 

Type of Ballast: Model No.: Condition of Ballast: 

Advance Centium ICN-2P32-SC Good-Electronic, Instant Start design 

Basic 12 B234SR120M-A Good-Electronic, Instant Start design 

No. of Bulbs per Fixture: 2 Total No. of Bulbs Removed: 12 

Photographs: 0662 

 
LED Conversion-Luminaires 

 

Type of LED Design: 
Metalux Eaton 
Wraparound 
Strip Light 

Model No.: 
4WNLED-LD4-
40SL-F-UNV-
840-CD-1-U 

Lamp Size: 2- by 4-ft 

Lamp Weight, lb: 9.2 Efficacy/Lumens: 113 LPW/4062 lumens 

Lumen Depreciation Value: L70 at 60,000 hr Warranty, years: 5 

CCT Value: 4000K CRI Value: >82 
THD 
Value: 

Unknown 

PF Value: Unknown Date Product was Manufactured Unknown 

Anticipated Hours of Operation: 9 Projected Lifespan of Lamp: 60,000 hr 

No. of Lamps per Fixture: 1  Total No. of Lamps Installed: 6 

Photographs: 0657-0666 

Notes:  Must rewire fixtures and cut new metal conduit for each facility upgrade. 
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Date: 22 March 2017 Building No.: 734, FP#23 

Start Time, hr: 
0800 to 1530 (LEDVANCE),  

0800 to 1045 (Metalux) 
End Time, hr: 1330 to 1445 (Orion retrofit kits) 

No. of Light Fixtures Upgraded: 
26 total (16 LEDVANCE luminaires, 5 Orion retrofit kits  

and 5 Metalux strip lights) 

Installers: Phil Hooker/Gregg Mergler 

 
Fluorescent 

 
Bulb 
Type: 

Philips Alto II-
700 series 

Model No: F32T8/TL/741 Wattage: 32 W 
Bulb 

Weight: 
0.2 lb 

Bulb 
Type: 

TCP Model No: IG217-4ELU-HPF Wattage: 32 W 
Bulb 

Weight: 
0.4 lb 

Bulb Size: T-8 (48-in. tube) Lumens: 
Philips:  2600 
TCP:  2350 

Bulb 
Condition: 

Great 
Hg 

Content: 
1.7 mg 

Projected Lifespan of 
Bulb: 

Philips:  30,000 hr 
TCP:  24,000 hr 

Anticipated Hours of 
Operation: 

9 

Type of Ballast: Model No.: Condition of Ballast: 

General Electric 
Multi-Volt Pro 

GE-432-MV-N-42T 
Great 

No. of Bulbs per Fixture: 4 
Total No. of Bulbs 

Removed: 
104 bulbs (26 

fixtures upgraded) 

Photographs: 0630-0631, 0637-0638 

Notes: 

 The fixtures, ballasts and energy efficient fluorescent bulbs were removed 
and returned to ATC Facilities for re-use at other sites, as needed. 

 Cardboard from the new LED fixtures were placed in ATC roll offs that were 
designated for cardboard recycling. 

 
LED Conversion-Luminaires 

 

Type of LED Design: 
LEDADVANCE 

Luminaires 
Model No.: 74250 Lamp Size: 

2- by 4-ft 
Edge-Lit Panel 

Lamp Weight, lb: 15.0 Efficacy/Lumens: 110 LPW/4400 

Lumen Depreciation Value: L70 at 50,000 hr Warranty, years: 5 

CCT Value: 4000K CRI Value: >80 
THD 
Value: 

<20 

PF Value: ≥0.9 or ≥90 percent Date Product was Manufactured 09/2016 and 10/2016 

Anticipated Hours of Operation: 9 Projected Lifespan of Lamp: 50,000 hr 

No. of Lamps per Fixture: 1 Edge-Lit Panel Total No. of Lamps Installed: 16 

Photographs: 0626-0628, 0632-0636, 0639-0646 

Notes: 
 Installation time for luminaires averaged 30 to 45 min per fixture.  Fixtures 

located around ductwork required more time to install.  Must splice in junction 
box to fixtures (three wires) for luminaires. 
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LED Conversion-Luminaires 
 

Type of LED Design: 
Metalux EATON 
LED Wraparound 

Strip Lights 
Model No.: 

4WNLED-LD4-
40SL-F-UNV-
L840-CD1-U 

Lamp Size: 2- by 4-ft  

Lamp Weight, lb: 9.2 Efficacy/Lumens: 113 LPW, 4062 lumens 

Lumen Depreciation Value: L70 at 60,000 hr Warranty, years: 5 

CCT Value: 4000K 
CRI 
Value: 

Unknown THD Value: Unknown 

PF Value: Unknown Date Product was Manufactured Unknown 

Anticipated Hours of Operation: 9 Projected Lifespan of Lamp: 60,000 hr 

No. of Lamps per Fixture: 1 Total No. of Lamps Installed: 5 

Photographs: 0689-0696 

Notes: 

 For wraparound LED fixtures, several design options were researched with 
Master Electricians and local vendor to locate compatible system.  The 
cheapest option, LED bulb and ballast replacement, were not a viable 
option for these facilities because the fear is that vibration from firing 
exercises may shatter lamps and create a safety issue. 

 
 

LED Conversion-Retrofit Conversion Kits 
 

Type of LED Design: 
Harris Orion Edge 

Retrofit Conversion Kit 
Model No.: SO-0071122 

Lamp 
Weight, lb 

5.4 

Efficacy/Lumens: 121 LPW/3000 lumens Lamp Size: T-8, 2- by 4-ft Watts: 27 

CCT Value: 4000K CRI Value: 80 

Lumen Depreciation 
Value: 

100,000 hr per L-70 W 
at 25 °C 

Warranty, years: 5 

Anticipated Hours of Operation: 9 Projected Lifespan of Lamp: 100,000 hr 

Date of Manufacturer: 22 February 2017 No. of Lamps per fixture 1 lamp 

Total No. of Lamps 
Installed: 

5 Photographs: 
0622-0625 (office 

and restroom) 

Notes: 
 Existing ductwork did not interfere with the placement or installation 

time of LED retrofit conversion kits. 

 Installation time for Orion edge retrofit conversion kit averaged 10 min. 

 
  



 

B-6 
 

Date: 6 April 2017 Building No.: 734A, FP#22 

Start Time, hr: 1330 End Time, hr: 1530 

No. of Light Fixtures Upgraded: 6 Metalux Eaton Surface Mounted Wraparound Luminaires 

Installers: Phil Hooker/Gregg Mergler 

 
Fluorescent 

 
Bulb 
Type: 

Sylvania 
Octron 

Model No: F032/741 Wattage: 32 W 
Bulb 

Weight, lb: 
0.4 

Bulb Size: T-8 (48-in. tube) Lumens: 2600 
Bulb 

Condition: 
Fair, black ends on bulb  

Projected Lifespan of 
Bulb: 

20,000 
Anticipated Hours of 

Operation: 
9 

Type of Ballast: Model No.: Condition of Ballast: 

Advance Transformer  REL-2P32-LW-RH-TP Good 

No. of Bulbs per Fixture: 2 
Total No. of Bulbs 

Removed: 
12 

Photographs:  

Notes: 
 The acrylic grid cover for the fluorescent light fixture was severely cracked 

and held together with duct-tape to stay intact. 

 
LED Conversion-Luminaires 

 

Type of LED Design: 
Metalux EATON 
LED Wraparound 

Strip Lights 
Model No.: 

4WNLED-LD4-
40SL-F-UNV-
L840-CD1-U 

Lamp Size: 2- by 4-ft  

Lamp Weight, lb: 9.2 Efficacy/Lumens: 113 LPW, 4062 lumens 

Lumen Depreciation Value: L70 at 60,000 hr Warranty, years: 5 

CCT Value: 4000K CRI Value: >82 THD Value: Unknown 

PF Value: Unknown Date Product was Manufactured Unknown 

Anticipated Hours of Operation: 9 Projected Lifespan of Lamp: 60,000 hr 

No. of Lamps per Fixture: 1 Total No. of Lamps Installed: 6 

Photographs: 0686-0688 
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Date: 5 April 2017 Building No.: 735A, FP#21 

Start Time, hr : 1300 End Time, hr: 1500 

No. of Light Fixtures Upgraded: 6 Metalux Eaton Surface Mounted Wraparound Luminaires 

Installers: Phil Hooker/Gregg Mergler 

 
Fluorescent 

 

Bulb 
Type: 

General 
Electric 
Trimline 

Model No: F32-T8-SP41 Wattage: 32 W 
Bulb 

Weight, lb: 
0.4 

Bulb 
Type: 

Sylvania 
Octron/Eco 

Model No: F032/T41/Eco Wattage: 
32 

watts 
Bulb 

Weight, lb: 
0.4 

Bulb Size: T-8 (48-in. Lumens: 
GE: 2450 

Sylvania: 2600 
Bulb 

Condition: 
Fair, black ends on bulb  

Projected Lifespan of 
Bulb: 

GE:  30,000 hr 
Sylvania:  28,000 hr 

Anticipated Hours 
of Operation: 

9 

Type of Ballast: Model No.: Condition of Ballast: 

Howard Industries 
EC2/32IS-120 

Good 

Philips Advance 
ICN-2P32-N 

Good 

No. of Bulbs per Fixture: 2 
Total No. of Bulbs 

Removed: 
12 

Notes: 
 The acrylic grid cover for the fluorescent light fixture was severely cracked 

and held together with duct-tape to stay intact. 

 
LED Conversion-Luminaires 

 

Type of LED Design: 
Metalux EATON 
LED Wraparound 

Strip Lights 
Model No.: 

4WNLED-LD4-
40SL-F-UNV-
L840-CD1-U 

Lamp Size: 2- by 4-ft  

Lamp Weight, lb: 9.2 Efficacy/Lumens: 113 LPW, 4062 lumens 

Lumen Depreciation Value: L70 at 60,000 hr Warranty, years: 5 

CCT Value: 4000K CRI Value: >82 THD Value: Unknown 

PF Value: Unknown Date Product was Manufactured Unknown 

Anticipated Hours of Operation: 9 Projected Lifespan of Lamp: 60,000 hr 

No. of Lamps per Fixture: 1 Total No. of Lamps Installed: 6 

Photographs: 0678-0679 
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Date: 6 April 2017 Building No.: 736A, FP#20 

Start Time, hr: 0800 End Time, hr: 1030 

No. of Light Fixtures Upgraded: 6 Metalux Eaton Surface Mounted Wraparound Luminaires 

Installers: Phil Hooker/Gregg Mergler 

 
Fluorescent 

 
Bulb 
Type: 

General Electric 
Trimline 

Model 
No: 

F32-T8-SP41 Wattage: 32 W 
Bulb 

Weight, lb: 
0.4 

Bulb 
Type: 

Sylvania 
Octron/Eco 

Model 
No: 

F032/741/Eco Wattage: 32 W 
Bulb 

Weight, lb: 
0.4 lb. 

Bulb Size: T-8 (48-in.) Lumens: 
GE: 2450 

Sylvania: 2600 
Bulb 

Condition: 
Mixture of good and fair 

(black ends on bulb)  

Projected Lifespan of Bulb: 
GE:  30,000 hr 

Sylvania: 28,000 hr 
Anticipated Hours 

of Operation: 
9-hours 

Type of Ballast: Model No.: Condition of Ballast: 

MagneTek B232I120L Good 

No. of Bulbs per Fixture: 2 
Total No. of Bulbs 

Removed: 
12 

Photographs:  

 
LED Conversion-Luminaires 

 

Type of LED Design: 
Metalux Eaton 

LED Wraparound 
Strip Lights 

Model No.: 
4WNLED-LD4-
40SL-F-UNV-
L840-CD1-U 

Lamp 
Size: 

2- by 4-ft  

Lamp Weight, lb: 9.2 Efficacy/Lumens: 113 LPW, 4062 lumens 

Lumen Depreciation Value: L70 at 60,000 hr Warranty, years: 5-years 

CCT Value: 4000K CRI Value: >82 
THD 
Value: 

Unknown 

PF Value: Unknown Date Product was Manufactured Unknown 

Anticipated Hours of Operation: 9 Projected Lifespan of Lamp: 60,000 hr 

No. of Lamps per Fixture: 1 Total No. of Lamps Installed: 6 

Photographs: 0680-0685 
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Date: 5 April 2017 Building No.: 737A, FP#19A 

Start Time, hr: 0900 End Time, hr: 1100 

No. of Light Fixtures Upgraded: 6 Metalux Eaton Surface Mounted Wraparound Luminaires 

Installers: Phil Hooker/Gregg Mergler 

 
Fluorescent 

 

Bulb 
Type: 

General 
Electric 
Trimline 

Model No: F32-T8-SP41 Wattage: 32 W 
Bulb 

Weight, lb: 
0.4 

Bulb 
Type: 

Sylvania 
Octron/Eco 

Model No: F032/T41/Eco Wattage: 32 W 
Bulb 

Weight, lb: 
0.4 

Bulb 
Type: 

Philips Alto 
Long Life 
(HiVision) 

Model No: F32T8/TL841 Wattage: 32 W 
Bulb 

Weight, lb: 
0.4 

Bulb Size: T-8 (48-In.) Lumens: 
GE:  2450 

Sylvania: 2650 
Philips: 2950 

Bulb 
Condition: 

Mixture of good and fair 
(black ends on bulb)  

Projected Lifespan of 
Bulb: 

GE:  30,000 hr 
Sylvania: 28,000 hr 
Philips:  24,000 hr 

Anticipated Hours 
of Operation: 

9 

Type of Ballast: Model No.: Condition of Ballast: 

Ultra-Miser Valmont 
Electric 

E232PI-120L Rusted, fair condition 

Philips Advance 
Centium 

ICN-2P32-N Good 

Howard Industries E2/32IS-120MC Fair, labels missing 

No. of Bulbs per Fixture: 2 
Total No. of Bulbs 

Removed: 
12 

 
LED Conversion-Luminaires 

 

Type of LED Design: 
Metalux Eaton 

LED Wraparound 
Strip Lights 

Model No.: 
4WNLED-LD4-
40SL-F-UNV-
L840-CD1-U 

Lamp Size: 2- by 4-ft 

Lamp Weight, lb: 9.2 Efficacy/Lumens: 113 LPW, 4062 lumens 

Lumen Depreciation Value: L70 at 60,000 hr Warranty, years: 5 

CCT Value: 4000K CRI Value: >82 THD Value: Unknown 

PF Value: Unknown Date Product was Manufactured Unknown 

Anticipated Hours of Operation: 9 Projected Lifespan of Lamp: 60,000 hr 

No. of Lamps per Fixture: 1 Total No. of Lamps Installed: 6 

Photographs: 0667-0677 
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Date: 22 March 2017 Building No.: 738A FP #16,17 

Start Time, hr: 0830 to 1050 (Orion retrofits) End Time, hr: 0930 to 1045 (Metalux luminaires) 

No. of Light Fixtures Upgraded: 14 = 10 (Orion retrofits) + 4 (Metalux luminaires) 

Installers: Phil and Gregg 

 
Fluorescent 

 
Bulb 

Type(s): 
PhilipsTL-70-
Alto Collection 

Model No: F32T8/TL741 Wattage: 32 W 
Bulb Weight, 

lb/Qty 
0.4 (22) 

Bulb 
Type(s): 

Philips Alto II, 
800 series 

Model No: F32T8/TL841 Wattage: 32 W 
Bulb Weight, 

lb/Qty 
0.2 (8) 

Bulb Size: 4-ft T-8 bulb Bulb Condition: Good 

Projected Lifespan of 
Bulb: 

Philips Alto:  30,000 hr 
Philips Alto II:  30,000 hr 

Anticipated Hours 
of Operation: 

9 

Type of Ballast: Model No.: Condition of Ballast: 

(1) Advance Transformer REL-4P32-LW-RH-TP Good 

(2) Philips Advance Intelli 
Volt 

ICN-4P32-N Good 

(3) Howard Industries EL2/32/IS-120 Good 

(4) Advance Centium ICN-2P32-SC Good 

No. of Bulbs per Fixture: 2  
Total No. of Bulbs 

Removed: 

30 (14 fixtures 
removed, 1 fixture had 

4 bulbs) 

Photographs: 0605-0612 

 
LED Conversion-Luminaires 

 

Type of LED Design: 
Metalux Eaton 

Cooper Lighting 
Model No.: 

4WNLED-LD4-40SL-
F-UNV-L840-CDL-U 

Lamp 
Size: 

2- by 4-ft 

Lamp Weight, lb: 9.2 Efficacy/Lumens: 
113 LPW/4062 

lumens 

Lumen Depreciation Value: L70 at 60,000 hr Warranty, years: 5 

CCT Value: 4000 K CRI Value: >82 
THD 
Value: 

Unknown 

PF Value: Unknown Date Product was Manufactured Unknown 

Anticipated Hours of Operation: 9 Projected Lifespan of Lamp: 60,000 hr 

No. of Lamps per Fixture: 1 strip light Total No. of Lamps Installed: 4 

Photographs: 0647-0656 

 
  



 

B-11 
 

LED Conversion-Retrofit Conversion Kits 
 

Type of LED Design: 
Harris Orion LED Edge 

Retrofit 
Model 
No.: 

S0-0071122, 
LDRE1D1UNVFDSX84024MST 

Lamp Weight, lb: 5.4 Efficacy/Lumens: 121 LPW/ 3000 lumens 

Lamp Size: 2- by 4-ft Watts: 27 

CCT Value: 4000K CRI Value: 80 

Lumen Depreciation Value: 
100,000 hours per  

L-70 at 25°C 
Warranty, years: 5 

Anticipated Hours of Operation: 9 Manufacturing Date: 22 February 2017 

No. of Lamps per Fixture: 1 Total No. of Lamps Installed: 10 

Photographs: 0613-0621 

Notes:  Installation time for Orion retrofit fixtures averaged 10 to 15 min each. 
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Date: 21 March 2017 Building No.: 738B FP#18, 19 

Start Time, hr: 0800 End Time, hr: 1430 

No. of Light Fixtures Upgraded: 5 

Installers: Phil Hooker, Gregg Mergler 

 
Fluorescent 

 
Bulb 

Type(s) 
Philips Alto 
700 Series 

Model No: F32T8/TL741 Wattage: 32 W 
Bulb 

Weight, lb 
0.2 

Bulb 
Size: 

4-foot, 2600 lumens 
Bulb 

Condition: 
Good 

Mercury 
Content 

1.7 mg 

Projected Lifespan of 
Bulb: 

36,000 hr 
Anticipated Hours 

of Operation: 
9 

Type of Ballast: Model No.: Condition of Ballast: 

Sylvania Quick Tronic QTP 4x32T8/UNV ISN-SC Good 

No. of Bulbs per Fixture: 4 
Total No. of Bulbs 

Removed: 
20 

Photographs: 0596-0599 

 
LED Conversion-Luminaires 

 

Type of LED Design: 
LEDVANCE 
Luminaires 

Model No.: 74250 Lamp Size: 
2- by 4-ft 

Edge-Lit Panel 

Lamp Weight, lb: 15.0 Efficacy(LPW)/Lumens: 110 LPW/4400 lumens 

Lumen Depreciation Value: L70 at 50,000 hr Warranty, years: 5 

CCT Value: 4000K CRI Value: >80 THD Value: <20 percent 

PF Value: ≥0.9 or ≥90 percent Date Product was Manufactured 10-2016 

Anticipated Hours of Operation: 9 Projected Lifespan of Lamp: 50,000 hr 

No. of Lamps per Fixture: 1 Edge-Lit Panel 
Total No. of Lamps 

Installed: 
5 

Photographs: 0600-0604 

Notes:  Fluorescent bulbs removed from fixtures during LED conversion were 
retained by Range Facility Manager for future fluorescent lamp replacements. 

 Ballasts removed during conversion were retained by facility personnel as 
replacement parts. 

 Fixtures were stripped down and unloaded into ATC scrap metal roll-off for 
recycling. 

 Cardboard from fixtures was broken down and unloaded into ATC roll-off 
dedicated to cardboard recycling. 
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APPENDIX C.   LED TECHNOLOGY SPECIFICATION SHEETS 
 
 The specification sheets for the LED technologies used in this study are provided in this 
appendix.  Web links to each of these specification sheets are also provided below: 
 
Orion Harris LED LDRE1 Troffer Retrofit Edge data sheet: 
http://www.orionlighting.com/product/harris-led-retrofit-edge-ldre/ 
 
Sylvania LEDVANCE Luminaires Edge-Lit panel cut sheet: 
http://www.sylvania.com/en-us/products/luminaires/Luminaires/Pages/Indoor-Luminaires-
Literature-Resources.aspx 
 
Metalux WNLED Utility LED Wraparound spec sheet and brochure: 
http://www.cooperindustries.com/content/public/en/lighting/products/indoor_ceiling_wall_mount_
lighting/ceiling_mount/_848409.ssd.brands.lighting!metalux!wraps.html 
 
 
  

http://www.orionlighting.com/product/harris-led-retrofit-edge-ldre/
http://www.sylvania.com/en-us/products/luminaires/Luminaires/Pages/Indoor-Luminaires-Literature-Resources.aspx
http://www.sylvania.com/en-us/products/luminaires/Luminaires/Pages/Indoor-Luminaires-Literature-Resources.aspx
http://www.cooperindustries.com/content/public/en/lighting/products/indoor_ceiling_wall_mount_lighting/ceiling_mount/_848409.ssd.brands.lighting!metalux!wraps.html
http://www.cooperindustries.com/content/public/en/lighting/products/indoor_ceiling_wall_mount_lighting/ceiling_mount/_848409.ssd.brands.lighting!metalux!wraps.html
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APPENDIX D.   FLUORESCENT BULB SPECIFICATION SHEETS 
 
 The specification sheets for the fluorescent bulbs replaced in this study are provided in this 
appendix.  Web links to each of these specification sheets are also provided below: 
 
GE Lighting Ecolux® Starcoat® T8 spec sheet: 
http://commercial.gelighting.com/catalog/p/26668 
 
Philips T8 Standard F32T8/TL741 spec sheet: 
https://www.irby.com/Images/img/046677/1086143%20spec.pdf 
 
Philips ALTO II Technology brochure: 
http://www.newgreenmovement.com/FILES/doc/23_Philips%20T8%20spec%20sheet.pdf 
http://images.philips.com/is/content/PhilipsConsumer/PDFDownloads/United%20States/ODLI20
150929_001-UPD-P-5338-J.pdf 
 
Philips T8 Standard F32T8/TL841/ALTO spec sheet: 
http://www.usa.lighting.philips.com/prof/lamps/fluorescent-lamps-and-starters/tl-d/t8-
standard/927869784105_NA/product 
 
Sylvania T8 Standard FO32/741/ECO spec sheet: 
https://s3.amazonaws.com/cesco-content/unilog/Batch5/046135/499126-AttachmentURL.pdf 
 
TCP, Inc. Lamp code F32T8/741 spec sheet: 
https://www.platt.com/CutSheets/TCP/TCPI_F32T8741_PDF.PDF 
 
 
 
  

http://commercial.gelighting.com/catalog/p/26668
https://www.irby.com/Images/img/046677/1086143%20spec.pdf
http://www.newgreenmovement.com/FILES/doc/23_Philips%20T8%20spec%20sheet.pdf
http://images.philips.com/is/content/PhilipsConsumer/PDFDownloads/United%20States/ODLI20150929_001-UPD-P-5338-J.pdf
http://images.philips.com/is/content/PhilipsConsumer/PDFDownloads/United%20States/ODLI20150929_001-UPD-P-5338-J.pdf
http://www.usa.lighting.philips.com/prof/lamps/fluorescent-lamps-and-starters/tl-d/t8-standard/927869784105_NA/product
http://www.usa.lighting.philips.com/prof/lamps/fluorescent-lamps-and-starters/tl-d/t8-standard/927869784105_NA/product
https://s3.amazonaws.com/cesco-content/unilog/Batch5/046135/499126-AttachmentURL.pdf
https://www.platt.com/CutSheets/TCP/TCPI_F32T8741_PDF.PDF
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APPENDIX E.   LED WAVES’ LED SAVINGS CALCULATOR EXAMPLE 
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APPENDIX G.   ABBREVIATIONS 
 

ACGIH = American Conference of Governmental Industrial Hygienists 
ASHRAE = American Society of Heating, Refrigerating and Air-Conditioning Engineers 
APG = Aberdeen Proving Ground 
ATC = U.S. Army Aberdeen Test Center 
ATEC = U.S. Army Test and Evaluation Command 
BG&E = Baltimore Gas and Electric 
BTU = British thermal unit 
CALC = Commercial Advanced Lighting Controls 
CALiPER = Commercially Available LED Product Evaluation and Reporting 
CCT = correlated color temperature 
Ce = cerium 
CEE = Consortium for Energy Efficiency 
CFL = compact fluorescent lamp 
CRI = color rendering index 
CW = Spectra-COLWITE TM 
DEHP = di (2-ethulhexyl) phthalate 
DLC = Design Lights Consortium 
DoD = Department of Defense 
DOE = Department of Energy 
DOT = Department of Transportation 
DPW = Department of Public Works 
DSIRE = Database of State Incentives for Renewables and Efficiency 
DTC = drum-top crusher 
EE = energy efficiency 
EISA 2007 = Energy Independence and Security Act of 2007 
EPA = Environmental Protection Agency 
EPACT 2005 = Energy Policy Act of 2005 
Eu = europium 
FB = fluorescent U-bend 
FC = fluorescent circline 
FDA = Food and Drug Administration   
FEMP = Federal Energy Management Program 
Ga = gallium 
GE = General Electric 
GSA = General Services Administration 
HEPA = high-efficiency particulate air 
HID = high intensity discharge 
HW = hazardous waste 
IESNA = Illuminating Engineering Society of North America 
In = indium 
IR = infrared 
Klm = kilolumen 
LCCA = life cycle cost analysis 
LED = light-emitting diode 
LPD = lighting power density 
LPW = lumens per watt 
LQHUW = large quantity handler of universal waste 
LRC = Lighting Research Center 
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Lu = lutetium 
NEEP = Northeast Energy Efficiency Partnerships 
NEMA = National Electrical Manufacturers Association 
NGLI = Next Generation Lighting Initiative 
NGLIA = Next Generation Lighting Initiative Alliance 
OLED = organic-light emitting diode 
OSHA = Occupational Safety and Health Administration 
PCB = polychlorinated biphenyl 
PEL = permissible exposure limit 
PF = power factor 
PPE = personal protective equipment  
ppm = parts per millions 
PSO = power savings only 
QPL = Qualified Product List 
R&D = research and development 
RCRA = Resource Conversion and Recovery Act 
RoHS = Restriction of the Use of Hazardous Substances 
SDS = Safety Data Sheet 
SKU = stock keeping unit 
SOW = Statement of Work 
SQHUW = small quantity handler of universal waste 
SSL = solid-state lighting 
SSLP = Solid State Lighting Program 
TCLP = toxicity characteristic leaching procedure 
TCS = total cost savings 
TDSS = Threat Detection and Systems Survivability 
THD = total harmonic distortion 
TLED = tubular light emitting diode 
TLV = threshold limit value 
UFC = Unified Facilities Criteria 
UL = Underwriters Laboratories 
USAEC = U.S. Army Environmental Command 
UV = ultraviolet 
UW = universal waste 
VDL = Vision Digital Library 
VISION = Versatile Information Systems Integrated On-Line 
WEEE = waste electrical and electronic equipment 
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