
DTICS• ~EL ECTE 1

US.Ar cCorps IF
of Engineers

%search Labore~re un 9

AD-A281 004
EII1MIIIII

Performance of Specular Reflectors Used for
Lighting Enhancement

by
Daiva E. Edgar

Since lighting accounts for about 20 to 30
percent of the total utility bill on Army oiaft fo

installations, many installations try to lower -- 0T

lighting costs by retrofitting or upgrading to
more efficient lighting systems. This study 315- 8 .
evahuated the effectiveness of specular
reflectors used to enhance the effectiveness (otCrW
of two-lamp fixtures, which are claimed to
enhance light levels of such fixtures by 50 to
100 percent, reducing the number of lamps
required to light a given area.

Light levels and light distribution of two-lamp
fixtures were measured before and after
installation of specular reflectors to measure
the change in lighting intensity, and to see if
the use of reflectors changed the fixture
spacing criteria. It was found that reflectors
increased the ambient light levels from 9 to 34 1.5.
percent, but did not increase the spacing
criteria.

It is recommended that specular reflectors be IfumiAtion dit,,y befow tfxtr: 35 fc
considered for two-lamp lighting applications
not constrained by maximum spacing criteria,
where illumination falls below recommended
or desired levels.

94-20536 DTIC QUALM ITYS1PECOT D 394-20536n.d

I IHI H rlIeael; 4
Aproed for public release; disiribution is unlimited. 9 4 7 5 19 4



The contents of this report art not to be used for advertising, publication,
or promotional purposes. Citation of trade names does not constitute an
official endorsement or approval of the use of such commercial products.
The findings of this report are not to be construed as an official
Department of the Army position, unless so designated by other authorized
documents.

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED

DO NOT RETURN IT TO THE ORIGINATOR



USER EVALUATION OF REPORT

REFERENCE: USACERL Technical Report (TR) FE-94/13, Performance of Specular Reflectors Used
for Lighting Enhancement

Please take a few minutes to answer the questions below, tear out this sheet, and return it to USACERL.
As user of this report, your customer comments will provide USACERL with information essential for
improving future reports.

1. Does this report satisfy a need? (Comment on purpose, related project, or other area of interest for
which report will be used.)

2. How, specifically, is the report being used? (Information source, design data or procedure,
management procedure, source of ideas, etc.)

3. Has the information in this report led to any quantitative savings as far as manhours/contract dollars
saved, operating costs avoided, efficiencies achieved, etc.? If so, please elaborate.

4. What is your evaluation of this report in the following areas?

a. Presentation:

b. Completeness:

c. Easy to Understand:

d. Easy to Implement

e. Adequate Reference Material:

f. Relates to Area of Interest:

g. Did the report meet your expectations?

h. Does the report raise unanswered questions?



L General Comments. (Indicate what you think should be changed to make this report and future
reports of this type more responsive to your needs, more usable, improve readability, etc.)

5. If you would like to be contacted by the personnel who prepared this report to raise specific questions

or discuss the topic, please fill in the following information.

Name:

Telephone Number:

Organization Address:

6. Please mail the completed form to:

Department of the Army
CONSTRUCTION ENGINEERING RESEARCH LABORATORIES
ATTN: CECER-IMT
P.O. Box 9005
Champaign, IL 61826-9005



REPORT DOCUMENTATION PAGE Ioo~ru
IOWB No. 0704011

PRoo rewv buden ftr aft comecion of k4wolin is sentmaed to verp•. i hour pe reowne. Irctdg ow time 1ow revw Inaruofone, eerocing eillf &a emxoee,
90hd'sig ad ineirain ft. di- ned, end convipefg oe rveoeenOg t'e colecton of intonnation. Send comment. rogefn Noi burden senme or wqy oter aspeo of Oie
oollecon o inlornielon, Indefinrg Ssi w r redino Vie burden., o Wehingion Headqueter Seoree. Ogreciaraet for inlormedon Opereabos end R"oft 1215 Jellerson
CDais fWtes. &ft~ I20e. Ar~iron. VA 22212 4M0. end to the Ofie. of Mer~n"gmn and Dudgef Papiwwori Reduction Proiect (0704-M018). Waehlngon. oCC208

1. AGENCY USE ONLY (Leave Blank) 2. REPORT DATE 13. REPORT TYPE AND DATES COVERED

June 1994 Final
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Performance of Specular Reflectors Used for Lighting Enhancement 4A 162784
AT45
EX-XH3

S. AUT•OR(S)
Daiva E. Edgar

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
U.S. Army Construction Engineering Research Laboratories (USACERL) REPORT NUMBER

P.O. Box 9005 TR FE-94/13
Champaign, IL 61826-9005

I. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORINGIMONITORING
Headquarters, U.S. Army Corps of Engineers AGENCY REPORT NUMBER

ATTN: CECPW-FU-E
20 Massachusetts Avenue, NW
Washington, DC 20314-1000

11. SUPPLEMENTARY NOTES

Copies are available from the National Technical Information Service, 5285 Port Royal Road, Springfield, VA
22161.

12L DISTRIBUIK*NAVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for public release; distribution is unlimited.

13. ABSTRACT (04dmum 200 words)

Since lighting accounts for about 20 to 30 percent of the total utility bill on Army installations, many installa-
tions try to lower lighting costs by retrofitting or upgrading to more efficient lighting systems. This study evalu-
ated the effectiveness of specular reflectors used to enhance the effectiveness of two-lamp fixtures, which are
claimed to enhance light levels of such fixtures by 50 to 100 percent, reducing the number of lamps required to
light a given area.

Light levels and light distribution of two-lamp fixtures were measured before and after installation of specular
reflectors to measure the change in lighting intensity, and to see if the use of reflectors changed the fixture
spacing criteria. It was found that reflectors increased the ambient light levels from 9 to 34 percent, but did not
increase the spacing criteria.

It is recommended that specular reflectors be considered for two-lamp lighting applications not constrained by
maximum spacing criteria, where illumination falls below recommended or desired levels.

K4. SUBJECT TERMS 15. NUMBER OF PAGES

specular reflectors 42
reflectors, lighting 1\. PRICE CODE

lighting

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATAII 19. SECURITY CLASSIFICATION 20. LMITATION OF ABSTRACT
OF REPORT OF THIS PAGE \ OF ABSTRACT

Unclassified Unclassified Unclassified SAR
NSN 7540-01-280-5=00 SWd Form 298 (Re. 2-89)

Preowe by ANSI Sid MI8-I
20-102



2 USACERL TR FE.4/13

Foreword

This study was conducted for Headquarters, U.S. Army Corps of Engineers under
Project 4A162784AT45, "Energy and Energy Conservation"; Work Unit EX-XH3,
"Lighting Technology Retrofits." The technical monitors were Samuel Baidoo,
CECPW-FU-E and Robert Billmyre, CEMP-ET.

The work was performed by Energy and Utility Systems Division (FE), Infrastruc-
ture Laboratory (FL), U.S. Army Construction Engineering Research Laboratories
(USACERL). The USACERL principal investigator was William Taylor. Special ack-
nowledgment is given to Kevin Heyen, CECER-FE, for his help with the installation

and removal of reflectors during the evaluation period. Don Fournier is Acting
Chief, CECER-FE. Dr. David Joncich is Acting Chief, CECER-FL. The USACERL
technical editor was William J. Wolfe, Information Management Office.

LTC David J. Rehbein is Commander and Acting Director, USACERL. Dr. Michael
J. O'Connor is Technical Director.

Accesien For

NTIS CRA&I
Mot', TilB

Justification.

By _.. ............................
Distribution

Availabigtit rCo(re-

IAvail;jDist j special

Ai-#1



UBACERL TR FE4413 3

Contents

S F 29 . ... .. . .. .... ... .. ... .... ............ ..... ... ..... .. .. . .. .. .. 1

Forew ord .......................................................... 2

List of T biles and Figures ............................................. 4

1 Intoduction .................................................... 7
Background ..................................................... 7
O bjectves ...................................................... 7
A pproach ....................................................... 7
scope....................................................... 8
Mode of technology transfer ......................................... 8

2 Specular Reflectors .............................................. 9
Types of specular reflectors ......................................... 9
Manufacturers' claims .............................................. 10

3 Meurment of Light Distribution of Specular Reflectors ................. 13
Equipm ent ...................................................... 13
Evaluation setup and procedure ...................................... 13
R esults ........................................................ 14

4 Field Evaluation of Light Enhancement Using Specular Reflectors .......... 18
Procedure ...................................................... 18
R esults ........................................................ 19

5 Conclusions and Recommendations ................................. 22

References ......................................................... 24

Appendix A: Reflector Manufacturers' Product Information ...................... 25

Appendix B: Distribution Measurements .................................... 32

Appendix C: Average Room Illuminance ................................... 35

Appendix D: Room Occupant Survey of Responses to Reflector Installations ......... 37

Appendix E: Measurement Points for Average Room Illuminance Calculations ........ 38

Distribution



4 USACERL TR FE-44/3

List of Tables and Figures

Towna

1 Surveyed manufacturers of specular reflectors .................... 12

2 Average illumination of room A ................................ 21

3 Average illumination of room B ................................ 21

4 Illuminance on work surfaces of room A ......................... 21

5 Illuminance on work surfaces of room B ......................... 21

B1 No reflector-distance from center in inches at given

footcandle readings ........................................ 32

B2 Parke Industries reflector-distance from center in inches at
given footcandle readings . .................................. 32

63 ML Systems reflector-distance from center in inches at

given footcandle readings ................................... 33

B4 DCI reflector-distance from center in inches at given

footcandle readings ........................................ 33

B5 Silverlight reflector-distance from center in inches at given
footcandle readings ........................................ 34

C1 Average room illuminance ................................... 36

Figures

I Light distribution from a fixture without a reflector. (Rectangle
represents lighting fixture.) ................................... 15

2 Light distribution from a fixture with a Parke Industries reflector ........ 15

3 Light distribution from a fixture with an ML Systems reflector .......... 16

4 Light distribution from a fixture with a DCI reflector ................. 16

5 Light distribution from a fixture with a Silverlight reflector ............. 17

6 Layout of room A ......................................... 20

7 Layout of room B ......................................... 20



tMCERL TR FE-9III3 5

Al Reflector being installed ..................................... 28

A2 Installed DCI reflector with lamps ............................. 28

A3 Installed ML Systems reflector without lamps ..................... 29

A4 Installed Parke Industries reflector with lamps ..................... 29

A5 Installed Silverlight reflectors without lamps ....................... 30

" A6 Installed Silverlight reflectors with lamps ......................... 31

El Measurement points for room A ............................... 38

E2 Measurement points for room B ............................... 39



USACERL TR FE4W13 7

1 Introduction

Background

At Army installations, the lighting load accounts for about 20 to 30 percent of the

total utility bill (W. Taylor and MA. Dubravec 1990). Many installations upgrade
lighting to more modern and efficient systems to lower costs. Retrofitting fixtures
with specular reflectors is one possible lighting upgrade. Reflector manufacturers
claim that light levels can be maintained by removing two lamps from a four-lamp
fixture, installing a reflector, and relocating the remaining two lamps. Reflector
manufacturers also claim that simply installing a reflector and maintaining the
same number of lamps can almost double the light levels the fixture can provide.
The performance of specular reflectors must be tested to verify whether these
systems offer a practical and efficient alternative for use at Army installations.

Objectives

The objectives of this study were to test the effects of specular reflectors on the
lighting levels and light distribution of two-lamp fluorescent fixtures, and to make
recommendations regarding the use of specular reflectors in lighting retrofit or
remodeling applications at Army installations.

Approach

Four reflector manufacturers were contacted and requested to design reflectors for
luminaires in two group offices. Light levels and light distribution were measured

for the selected fixtures. Each set of reflectors was installed in each room and
measurements were again taken. Measurements were also taken with identical

fixtures in an open area, with and without reflectors to evaluate lighting and
distribution changes due exclusively to the reflectors. A written survey was
distributed to occupants of the test room to gauge reactions and attitudes to the
changed lighting. Conclusions and recommendations were drawn from an analysis
and comparison of the lighting measurements.
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Scope

The information from this report is meant to provide general guidance. Reflectors
may perform differently as the room and furniture configuration changes. This is

especially true in offices that use modular furniture, which uses room dividers that

can shade and reflect light. Measurements were taken in this study using new

fixtures, which are much shallower and direct more light out of the fixture than

older fixtures common throughout Army installations.

Mode of technology transfer

It is anticipated that the information gathered in this study will be incorporated

into a Public Works Technical Bulletin (PWTB).
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2 Specular Reflectors

Types of specular reflectors

Reflectors ane sheets of aluminum (in most cases), with or without a film, that are
cut and bent into shapes that fit into luminaires. In general, there are two different
processes of manufacturing: generic shaping, in which a reflector is made to fit
many different luminaires; and custom shaping, in which a reflector is designed for
a specific fixture. Generic shaping is much less common and usually does not have
as good results as custom shaping. Custom designs require that a sample fixture
or detailed fixture measurements be sent to the manufacturer so that the reflector
can be designed for the fixture. The design is usually done using a Computer-Aided
Design (CAD) system to determine the placement of each bend of the reflectcr to
optimize light output from the fixture.

Reflectors typically have a total reflectivity of 85 to 95 percent, a large component
of which is specular reflectivity. Standard white fixtures can have a total
reflectivity of up to 88 percent, a large component of which is diffuse reflectivity.
The difference between the two types of reflectivity is in the way the light reflects
from the material. A material with a large component of diffuse reflectivity will
disperse light in many different directions, while one with a large component of
specular reflectivity will reflect the light in only one direction, making it useful in
directing light.

The two main categories of reflectors are based on the reflective material used in
their construction: anodized and polished aluminum, and silver film. Variations
within these categories are common, e.g., one type of reflector has a mirror coating
bonded to the base material. These broad categories of reflectors differ in their
performance and prices.

Anodized and polished aluminum reflectors are usually less expensive than their
silver film counterparts, but have a lower specular reflectivity (about 85 percent),
which increases the amount of light lost during reflections. Because the aluminum

does not scratch as easily as film coating, aluminum reflectors are usually
recommended in areas that they may be exposed to large amounts of dust, steam,
or other airborne impurities. Where maximum light output is not critical,
aluminum reflectors are recommended for their lower price.
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Silver film reflectors usually cost about $5.00 more per reflector than the aluminum
ones. (Appendix A includes reflector prices current at the time of this study.) A
silver film is adhered to a base of aluminum or steel for this type of reflector to give
a reflectivity of about 95 percent. The film of these reflectors can be easily
scratched and has the potential for eventual peeling or bubbling, making film
reflectors less durable. These reflectors are ideal for use in generally clean areas
where maximum light output is important.

The manufacturer of the mirror, or enhanced aluminum, reflector claims that this
type of reflector has the durability of aluminum reflectors with the performance
characteristics of the silver film reflectors. This reflector is manufactured by
putting a mirror-like coating directly onto a base of aluminum. Since no film is
used, the manufacturer claims that it is more durable than film reflectors and equal

in durability to polished aluminum. The coating produces a reflectivity of about 95
percent-equal to that of the silver film reflectors. The cost of mirror reflectors is
much higher (about $15.00 more per reflector). The higher price makes it difficult
to achieve a reasonable return on investment, often a requirement for lighting
upgrades and renovations.

Some companies also sell a film that can be applied to an existing fixture without

a reflector. The disadvantage of using this film in a fixture is that the fixture is not
designed to reflect the light out with a minimum number of reflections, like a
reflector is. Therefore, there is no guarantee that the film will increase the fixture's

efficiency.

A few companies also sell fixtures with built-in reflectors. The advantage of these
fixtures is that lighting specifications are available for designing new lighting for
renovations and construction. Table 1 lists the manufacturers surveyed. Appendix
A lists the types of reflectors, their manufacturers, reflector warranties, general
information, and the prices of the reflectors that were tested.

Manufacturers' claims

A four-lamp to two-lamp retrofit

The most common claim that reflector manufacturers make is that, once a reflector

is installed, two lamps can be removed from a four-lamp fixture, with no change in
illumination levels. Manufacturers' test results support this claim. Independent
studies by the Electrical Power Research Institute (EPRI) (March 1987), the
National Lighting Product Information Program (NLPIP) (July 1992) revealed that,

AM Tbles and Figures are at the end of the chapter in which they are cited.
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in manufacturers' tests, post-retrofit measurements were taken after installing
reflectors, and also after cleaning old, dirty fixtures and replacing old lamps with

new ones. A more controlled test of reflector performance would have cleaned the
fixture and replaced the lamps before taking the initial measurements of the
unreflectorized fixture. The evaluation should show the initial illumination levels,
without the effects of dirt and lamp lumen depreciation, which can lower light levels
by up to 40 percent.

The EPRI study tested custom-made reflectors and luminaires with interiors lined
with a specular reflective film for photometric performance, thermal performance,
electrical performance, appearance, and component life. Results showed that fixture
efficiencies changed from 56 percent for a four-lamp luminaire to 80 percent for the
luminaires with either the reflectors or the silver film and two lamps. It was found
that the performance of the silver film depended on the shape of the interior of the
luminaire. The power used by the fixtures expectedly dropped from 164.3 Watts (W)
for the four-lamp luminaire to 78.4 W for the retrofitted luminaires. The bulb-wall
temperature dropped from 49 °C to 40 °C. The visual comfort probability went from
78 for the four-lamp fixture to 87 for the fixture with a reflector and 85 for the
fixture with the silver film. The labor required to install the silver film made the
total retrofit cost comparable to the cost of installing a custom-made reflector.

The NLPIP's Specifier Report on reflectors tested and evaluated nine aluminum,
three mirror or enhanced aluminum, and 15 silver film reflectors in a four- to two-
lamp retrofit. Power consumption of the fixtures was measured before and after the
retrofit Reflector material reflectance and fixture reflectance was measured before
the testing. Luminaire efficiency and light distribution were also measured during
the testing. Spacing criteria (SC), average illuminance, illuminance uniformity,
and vertical illuminance were tested in an application test of the reflectors. Visual
Comfort Probability (VCP) is also evaluated. The spacing criteria for the original

fixture was 1.3. The range of SC of the fixtures with the reflectors was 0.7 to 1.4.
The average horizontal illuminance increased by 2 percent (to 18 percent) with the
installation of the reflectors into fixtures that were delamped to two lamps. The
average horizontal illuminance dropped by 35 to 44 percent from the original
illuminance with the four-lamp fixtures. The VCP was 70 for a 20x20-ft room with

an 8.5-ft ceiling and 64 for a 4Ox40-ft room with a lO-ft ceiling (1 ft = 0.305 m). The
VCP changed from 68 to 77 for the first room and 62 to 69 for the second room.

Spacing crteria is the maximum distance between fixtures that a manufacturer recommends for an even tight
dlistribution for a given fixture expressed as a ratio between the fixture spacing and the fixture's mounting.
"Anything to changes the light distribution has the potential to change the spacing criteria.
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Light enhancement using specular reflectors

Another common claim made by reflector manufacturers is that light levels can be

enhanced (or increased) by 50 to 100 percent by installing a reflector into a two-

lamp fixture and keeping both lamps (sometimes repositioning them). If this claim
were true, it might be possible to design new construction for a given light level,
using fewer (reflectorized) fixtures.

Table 1. Surveyed manufacturers of specular reflectors.

Manufacturer Address Phone No.

ML Systems 165 Fieldcrest Ave 914/741-0400
Edison, NJ 08837

Parke Industries 2246 Lindsay Way 714/599-1204
Glendora, CA 91740

Dielectric Coating Industries 30997 Huntwood Ave 510/487-5980
Suite 103
Hayward, CA 94544

Silverlight Corporation 16 W 151 Shore Ct. 708/986-1651
Burr Ridge, IL 60521
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3 Measurement of Light Distribution of
Specular Reflectors

If reflectors can direct more light out of a fixture, it may be possible to design light-
ing for desired levels of illumination using fewer fixtures. This would only be
possible if the light distribution from the reflectorized fixture is wider than the
distribution of a fixture without the reflector. If the spacing criteria does not
change, the number of fixtures may still be lowered if the fixture layout was
constrained by insufficient illumination rather than spacing criteria. To evaluate
these possibilities, the light distribution from fixtures with and without reflott-s
installed was compared.

Equipment

All tests used the following equipment:

Fixtures: Lithonia model 2GT-232
Lamps: Sylvania 3500K Octron (TB)
Ballasts: Advance Electronic catalog # Rel 2P32RHTP
Light Meter: Sylvania Model DS-2000.

Evaluation setup and procedure

One reflector from each manufacturer was installed in a luminaire in an unobstruct-
ed area so that the light distribution could be measured for each reflector.
Measurements were taken at night so that illumination from other sources would
not interfere with the evaluation. The fixture containing the reflector being tested
was the only source of illumination in the room during the evaluation. The fixtures
were run for at least 3 hours before measurements were taken to stabilize lamp and
ballast temperature, which might affect illuminance measurements.

The illumination directly below the center of a fixture was measured using a
Sylvania light meter, model DS-2000. Then dhe locations of points where the
illuminance dropped by 5 footcandles (fc) were noted along the axes of 0, 22.5, 45,
67.5, and 90 degrees (1 fc = 10.764 Lumen/m2). Since the fixture is assumed te be
symmetrical, the measurements were extrapolated to cover the full 360 degrees
around the fixture for general light distribution. Appendix B contains the
measurement data.
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The results of the measurements were then plotted using a spreadsheet. The
resultant graph represents the light distribution of the fixture at a height of 30
in.-the average task height in most office applications (1 in. = 25.4 mm).

Results

Figures 1 through 5 show the distribution curves for the control fixture and the test
fixtures. The distribution curves show that each reflector distributes the light a
little differently. The most significant differences in the light distribution are at the
center of the fixture. The fixtures containing reflectors had light levels much higher
directly below the fixture than a fixture without the reflector. The perimeter
readings did not change significantly. This shows that reflectors do direct more
light out of a fixture, most of which is directed downward from the light fixture.

There is little difference in light distribution at the edges of the distribution curves
at lower light levels. By the time that the lowest measurement of 5 fc was taken,
almost all the distribution curves are the same. A difference of a few inches further
out is not significant when compared to the total distance involved. Even at the 10
and 15 fc illumination points, the difference is still minimal.

The distribution curves and measurements indicate that the installation of
reflectors will not change the illumination between the fixtures significantly.
However, the illumination directly below the fixture will increase significantly.
Therefore the spacing criteria is actually lowered and more fixtures would be
necessary to maintain an uniformity of illumination throughout the room. If lighting
levels are already at recommended levels, specular reflectors are not recommended
since they will not save energy or reduce the number of fixtures necessary.

If the illumination level is the limiting criteria, it may be possible to reduce the
number of fixtures. The increases in illumination varied significantly with the
different reflectors, so a single fixture evaluation would be necessary to determine
the increase in illumination and change in spacing criteria before the lighting
design can be redone. It is important not to exceed the spacing criteria if uniform
illumination is desired. This information is especially useful in new construction,
and also in renovations where fixtures will be relocated or where the lighting
systems will be replaced.
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4 Field Evaluation of Light Enhancement
Using Specular Reflectors

To evaluate the performance of light enhancement using specular reflectors in a
practical application, reflectors were installed in two multi-person offices with
different fixture layouts. Both rooms contained modular furniture that could affect
different light distributions. Measurements were taken without changing the
modular furniture setup. The results (actual measurements of illumination levels)
may be different from those in an unpartitioned office area because the partitions
reflect and block the light.

Procedure

Manufacturers were requested to design reflectors for a sample layout like that of
Room A (Figure 6). A sample fixture was sent to each manufacturer for design.
The manufacturers agreed to create a design that would produce an even light
distribution. Since installations may want to order a large number of reflectors for
retrofit to a number of similar rooms with different fixture layouts, the reflectors
were also tested in Room B (Figure 7) to check for differences in performance due
to small changes in a room's fixture layout.

Each set of reflectors was installed into the fixtures of both Room A arn Room B.
The fixtures and lenses were not cleaned and the lamps were not replaced in this
evaluation because the fixtures were new when the testing began. A set of
measurements was taken in each room using a Sylvania light meter, model DS-
2000. The measurement points were taken according to the Dlumination
Engineering Society of North America (IESNA or IES) recommendations for average
room illuminance, in Mark S. Rea, ed., Lighting Handbook, Illumination Recommen-
dation8, 8th ed. (IES, 1993). The average illuminance was then calculated (Tables
2 and 3). Appendix C shows footcandle readings for each set of measurements.

Occupants of the tested rooms were given written surveys in which lighting
problems such as glare and lowered vertical illuminance (amount of light falling on
walls) were addressed. General impressions were also requested. Appendix D lists
the survey questions and the results.

The work spaces in each of the rooms are located almost directly below fixtures.
This layout of the work spaces and fixtures assures maximum light falling on the
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work surface. To demonstrate this, measurements were taken of the illumination
on each work surface in the rooms tested (Tables 4 and 5).

ReulsR

The average room illuminance measurements showed that the reflectors increased
the average illuminance of the rooms from 9 to 35 percent. The increases in Room
A were significantly lower than those in Room B. A possible explanation of this
may be that, since the fixtures in Room B were much closer to the wall, more light
may have reflected off the walls than in Room A. Another reason for this difference
may have been that, although both rooms had identical layouts of the modular
furniture, the placement of the fixtures varied with respect to the location of the
furniture. Because of this difference, light may have reflected off the partitions
differently in each room with the Room B partitions directing more light toward the
points where measurements were taken.

The measurements of work space illumination levels were much higher than
surrounding areas. It is likely that the increases were greater because the
measurements were taken almost directly below the fixture, in the area where the
greatest increase in light levels would be expected. In Room A, the increases in
illumination were between 29 and 47 percent, a significant increase, but greatly due
to the fixture's location above the work spaces. The increases in Room B are even
larger: between 54 and 98 percent, which lends support to some manufacturers'
claims that light levels can be enhanced by 50 to 100 percent. These measurements
were taken directly below the fixture. In surrounding areas, the increases were
lower or even nonexistent as can be seen in the data in Table C1, Appendix C.

The surveys showed no problems with glare or vertical illuminance changes, and
most occupants noticed no changes in the amount of light at their work surfaces,
even though in some cases the light levels increased by 30 percent.
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Figure 6. Layout of room A.

Figure 7. Layout of. oom B.
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Table 2. Average illumination of room A.

Reflector Brand Average Illuminatlon % Change In Illuminatton

No reflector 29.4

Dielectric Coating Industries (DCI) 32.1 9

Silverlight 35.0 19

Parke Industries 34.3 17

ML Systems 32.0 9

Table 3. Average illumination of room B.

Reflector Brand Average lllumlatlon % Change In lllumlnatlon

No Reflector 28.4

DCI 34.5 22

Silvedight 37.9 34

Parke Industries 38.0 34

ML Systems 32.4 14

Table 4. lllumlnaneo on work sufaces of room A.

Desk Number No Reflectors DO Slveright Parke Indutrle ML Systems

1 23 34 31 30 29

2 23 31 26 23 27

3 30 50 46 44 36

4 33 48 43 44 40

5 39 55 52 57 59

Average 29.6 43.6 39.6 39.6 38.2

% Increase 47.3 % 33.8 % 33.8 % 29.1%

Table S. Illumlnence on work aurfaces of room B.

Desk Number No Reflectore DCI SlIverlight Parke Induetrlee ML Systems

1 21 40 41 52 43

2 28 37 52 60 49

3 33 32 46 52 46

4 23 49 53 59 50

5 33 51 56 58 49

6 34 56 56 60 56

Average 28.7 44.2 50.67 56.8 48.8

% Increase 54.1 % 76.7 % 98.3 % 70.3 %
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5 Conclusions and Recommendations

This study tested the effects of specular reflectors on the lighting levels (illumi-
nance) and light distribution of two-lamp fluorescent fixtures. Room occupants were
also surveyed for their subjective response to the changed lighting. In written
surveys, occupants of rooms where reflectors were tested did not report noticing any
change in their lighting even though, in some cases, the light levels increased by 30
percent. Survey results indicated no problems or complaints involving glare or
uneven light distribution.

The testing in this study used new fixtures, which are shallower and direct more
light out of a fixture than older, deeper fixtures. In retrofits to such older fixtures,
increases in illumination levels may be higher than the increases found in this
study. Results showed that the reflectors increased the average illuminance of the
two tested rooms from 9 to 35 percent. In Room A, work space illumination was
increased from 29 to 47 percent, and in Room B, from 54 to 98 percent.

The apparently large recorded increases in light output were concentrated in the
area directly below the light fixtures, and were not evenly dispersed throughout the
room. This is an important consideration, since the purpose of overhead lighting is
to maintain an even, general illumination level. This implies that specular
reflectors maybe best for applications where lighting can be placed directly above
work spaces, and where even light distribution is not a priority. In applications
demanding flexible spaces, such as Army installation office settings, nonuniform
lighting may increase costs associated with changes in lighting configurations
demanded by each future change.

In installations that already use four-lamp fixtures, a simple retrofit of specular
reflectors may appear to offer the double advantage of maintaining current lighting
while cutting the required number of lamps (and energy expenditures) in half. In
fact, retrofitting reflectors may not always be the best first alternative. It is recom-
mended that installations considering a reflector retrofit should first evaluate the
condition of existing lighting:

1. Current light levels should be measured and compared with IES recommended
levels.

2. If the illumination levels fall below IES recommendations, the condition of the
lamps and fixtures should be examined. A regular maintenance schedule can
greatly benefit lighting levels. Dirty lenses should be cleaned and old lamps
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replaced, to increase the fixture's efficiency and the amount of available light.
Lenses soiled or yellowed beyond cleaning shoula be replaced. The light levels
should be rechecked aft.-r maintenance.

3. If the illumination levels exceed IES recommendations, it is recommended to
delamp all such fixtures to two lamps and disconnect one of the ballasts.
Again, the light levels should be rechecked.

4. If the illumination still falls below the IES recommendations, specular
reflectors and/or other retrofits may increase the illumination in the space.

In new designs, reflectors are not recommended if the design was done using two-
lamp fixtures and the design is constrained by the maximum spacing criteria. If
illumination levels of two-lamp fixtures are below IES recommended levels, then
reflectors may be considered. The application of reflectors to specific fixtures should
be tested before committing to a general program of retrofit or replacement.
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Appendix A: Reflector Manufacturers'
Product Information

This is a list of the reflector manufacturers and the types of reflectors that were
tested. Information about each of the manufacturers and reflectors evaluated is
included.

Dielectric Coating Industries (DCI) (Omega Energy)

The DCI reflectors are designed specifically for a fixture. A fixture was sent to the
company so that the reflector could be designed. The reflector consists of a mirror
coating on the reflector backing itself. The manufacturer claims that no films are
used in the manufacture of this reflector, so the reflector should last longer than a
fihm-type reflector.

Installation of these reflectors was fairly simple. The lamps were removed and the
reflector was installed into the fixture and secured with self-tapping screws. The
raceway and the lamp holders remain in their original positions.

These reflectors have a 10-year warranty. Individual reflector cost was $45.00 for
design and production.

ML Systems

ML Systems reflectors are specifically designed for individual fixtures and use a
material called EverBrite, which is manufactured by ALCOA. EverBrite is a
chemical-ly brightened and anodized aluminum and has a reflectivity of about 87
percent. ML Systems also recently began using a new film that is 95 percent
reflective, but reflectors with that film were not tested. When asked how much
difference that film could make, the salesperson said that the 95 percent reflective
film would increase the total light output by about 20 percent over that of the 87
percent reflective aluminum. The 95 percent reflective film was claimed to have the
same performance characteristics as those of Dielectric Coating Industries and
Silverlight.
The ML Systems EverBrite reflectors consist of two pieces. Installation of the
reflectors involved removing the lamps and ballast cover, removing and replacing
the raceways, and relocating the lamp holders. Due to the more involved procedure,
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installations take longer, but reflector removal is easier since the new raceways
serve as brackets for the reflector. This ensures exact placement of the reflector
with respect to the lamps, and guarantees optimal performance.

The EverBrite lighting sheet is covered by a 25-year warranty by ALCOA, which
excludes any fabrication or installation costs. Therefore, the materials of the
reflector are guaranteed, but the defective reflector would be replaced with the
equivalent amount of the lighting sheet, and not by another reflector. The
literature gives no specific information about ML Systems providing a replacement
reflector in the event of a problem arising. The cost was $22.30 per reflector for
design and production.

Parke Industries

Parke Industries makes a reflector that comes in three pieces in which the center
piece is removable so that the whole reflector does not have to be removed to gain
access to the ballast. Parke Industries sells three different reflectors: a silver film
reflector with 94 percent reflectivity, an aluminum film reflector with 85 percent
reflectivity, and a polished aluminum reflector with an 82 percent reflectivity. All
Parke Industries' reflectors are custom-designed. The salespeople usually help the
buyer decide on the type of reflector that best suits the needs of the application.
The reflector that was tested from this company is a silver film, three-piece
reflector.
Installing the reflectors involved removing the lamps, ballast cover, raceways and
lamp holders, and installing new raceways that relocate the lamp holders and serve
as brackets for the reflectors. The center piece of the reflector serves as a ballast
cover, so the original ballast cover does not need to be reinstalled. This center piece
is listed with Underwriters Laboratories (UL) as a ballast cover. After the reflector
is installed, the lamps are then put back into the fixture.

The only problem with the three piece reflectors is that, when removing and
reinstalling the center piece to gain access to the ballast, it is nearly impossi)-l not
to scratch the silver film of the reflector. The film then tends to peel in the places
where it was scratched. This should not affect performance of the reflector since the
areas that get scratched are not visible when the reflector is fully installed.

Parke Industries provides a 10-year performance warranty that guarantees that the
reflector will perform as stipulated for the warranty period. The cost for each
reflector is $28.70 for design, production, and delivery.
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SIIverlight Corporation

Silverlight Sterling Silver Reflectors consist of a silver film manufactured by
Courtalds Performance Films on aluminum. The silver film is treated with a
patented antistatic inhibitor built into the top surface of the film. Therefore, the

reflectors resist static and dust accumulation better than other reflectors of similar
manufacture, according to the manufacturer. The reflectors were designed
specifically for the fixtures and application. The reflectance of the reflector is about

95 percent.

Installation consisted of removing the lamps from the fixture and then securing the

reflector to the fixture using self-tapping screws. Instructions were included for
correctly situating the reflector with respect to the lamps within the fixture.

Silverlight provides a 5-year warranty covering the reflectors and installation.

Significant loss of reflectivity or delamination are covered under the warranty.
Reflectivity losses due to scratching are not covered. In the case that the reflectors
are shown to be defective, Silverlight will cover the cost of materials, manufacture,
delivery, and installation of replacement reflectors. The cost for each reflector was
$29.50 for design, production, and shipping.
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Flgure Al. Reftectr being mnetalled.

Floure A2. huftelld DOI reflector with Ion"e.
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Figure AS. Installed MLByteme rflucto without hlap..

Figure A4. Installed Parke londwtries reflector with lamp..
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Figure AS. kIutuijed SlimiVWIIt reflactorv without lamps.
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FigreASi. Instuilbd Sliverlight refleators with lamps..
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Appendix B: Distribution Measurements

Table B1. No rellector-slatance from center In Inches at given footcandle readings.

Foolondmles 0 22.5 45 67.5 90

30 23.5 22 21 22 21.5

25 37 33.5 33 33.5 34

20 47 46 44.5 44 44

15 60 57 57 55.5 56

10 75 73.5 72.5 70 70.5

5 102.5 100 97 94 94.5

Table B2. Parel Indkiee rellector-disatce from cunte In Inchee at siven footeudie reisa.

Dilstance

Footcwidlee 0 22.5 45 67.5 90

45 14 12.5 15.5 16 17

40 22 22.5 24.5 26 26.5

35 29 29.5 32 32.5 34

30 35.5 36 39 40 40

25 43 43 46.5 48.5 49

20 52 51.5 54 56 56.5

15 63 62.5 64.5 66.5 66.5

10 78 77 78 78.5 80

5 105.5 102 102 102 101.5



USACERL TR FE44/13 33

Table B3. ML Syatm. reflector-diatance from center In inches at given footcandle readingg.

Distance

Footcandles 0 22.5 45 67.5 90

50 8.5 8 8.5 10 12

45 14 15 17 19 22

40 20 20 22.5 27 29.5

35 24.5 25 28 32.5 36

30 30.5 31.5 34 39 42.5

25 37 38 40 45.5 49

20 45 45 47.5 53 57

15 54.5 55 57 62 66

10 69.5 70 70.5 75 78.5

5 98 96 96 99 101

Te 4.DCI reeplot--dhftnce from center In Inches at given oo:tcadMe reaings.

Distance

Frmameni 0 22.5 45 67.5 90

50 11 11.5 13 14.5 15

45 18 18.5 20 23 24

40 23 24 26.5 29 31

35 29 30 32.5 35.5 37.5

30 34.5 36 38.5 41 44.5

25 41 42.5 45 48.5 50.5

20 48.5 50 52.5 55.5 58

15 59 60.5 62 65.5 67.5

10 72.5 73.5 76 77.5 80

5 96.5 98.5 98.5 99.5 102
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Table B5. Sivedight rlector-dietmce from cent, In inchm at iven footcandle mdinge.

Footondle 0 22.5 45 67.5 60

50 12 14.5 16.5 19 19

45 19 20.5 23 26.5 27.5

40 23.5 25 28.5 32.5 34

35 28 30 33.5 38 40

30 34 35.5 39 44.5 45.5

25 41 43 46 51 53.5

20 50 51 53 58 60.5

15 61 62 64 67.5 69

10 75 76 77.5 80 81

5 98 99.5 101.5 103.5 104
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Appendix C: Average Room Illuminance

Measurements and Calculations

All the measurements are located in Table C1. The formula used to calculate the
average room illuminance was:.

Average Illuminance = R(N-1)(M-1)+ Q(N-1)+ T(M-1)+ P
NM

Where:
N = number of luminaires per row
M = number of rows
R = the average for all RX where X is a number from 1-8, this is R' in

Table C1
Q = the average for all QX where X is a number from 1-4, this is Q in

Table C1
T = the average for all TX where X is a number from 1-4, this is T' in

Table C1
P = the average for all PX where X is 1 or 2, this is P' in Table C1

Appendix E shows the location of all these points.
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Appendix D: Room Occupant Survey of
Responses to Reflector Installations

As part of the reflector evaluation, occupants of the rooms in which reflectors

were installed were asked to note any differences they noticed in the lighting
after new installations. This was done to make sure that the reflectors did not

cause eye strain due to increased glare.

None of the occupants reported any change in glare from the reflectors. Some

felt that the rooms were a little brighter, but usually no changes were noted. In
general, if there were any comments, they were favorable with respect to the

reflectors.

Questions that the occupants were asked to answer in surveys after reflectors
were installed into rooms in which they worked:

1. What's the weather like? Is it sunny, cloudy, dark, etc...

2. How do you feel about the lighting now? Is it too bright, not bright enough,

just right?

3. Have you noticed any problems due to glare when working at your desk or

computer?

4. Do you use task lighting when working? Do you feel that you need to have

some if you don't have any at the moment?

5. Does the room seem any darker or brighter than before?

6. Do you notice differences in light levels when moving throughout the room?

7. Do you like the lighting? Do you dislike it? Does it just not matter?

8. How do the walls look? Are there any shadows that weren't there before?

Are they lighter, darker or the same as before?

9. Do you notice any changes in the lighting in general?

-- == = =- = -- .ram mu m mml mmmm iml m m
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Appendix E: Measurement Points for Average
Room Illuminance Calculations

0 11

Figure El. Mmasurement points for room A.
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Figure E2. M easrem n points for room B.
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