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Designed to provide recommendations
to achieve 50% energy savings when
compared with the minimum code
requirements of ANSI/ASHRAE/IESNA
Standard 90.1-2004.

Advanced Energy Design Guide
for Small to Medium Office Buildings

Achieving 50% Energy Savings
Toward a Net Zero Energy Building

Developed by:
i i . i A;":ri:::Sncietv PI Heating, R_nln’ueruﬁnu and Air-Conditioning Engineers
T_hls gu_lde ap_pll_es to s_mall to medium e i in
size office buildings with gross floor

areas up to 100,000 ft2.

U.S. Green Building Council
U.8. Department of Energy

For the whole building...
Integrated Design

http://www.ashrae.org/aedg

K— Allowed lighting power densities for
! office buildings compared to ASHRE
ASHRE- | ASHRE- | WA/Sea OR IECC
90.1 2004 | 90.1 2007 | Energy- Energy- 2012
2009 2010
1.0w/sq | 1.0w/sq | .92/.90 |0.91w/sq' | 0.9 w/sq’
w/sq’
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Light level recommendations
and power density allowance
are not directly related.

TRELE 505 52
INTERIOR LIGHTING POWER ALLOWANCES

LIGHTING POWER DENSITY

Building Area Type®

(IR

Automotive Facility

04

Convention Center

1.2

Court House

12

Dining; Bar Lounge/Leisure

13

Dining Cafetera/Fast Food

14

OCATIONS AND TASKS

. INTEROR .Vevylm:mm. Important|__[ Somewhat important|_| Blank =Not important or not applicable:

Dining Family

L&

Dormitory

10

and Control
on Task Plane (Uniformity)

of Room Surfaces

(and Color Contrast)
[Modeling of Faces or Objects

of Space and Luminaire:
on Surfaces

(Vertical)

jotes on Special C

parkle/Desirable Reflected Highlights

|Surface Cl
[Notes on llluminance - see end of section

[Desian Issues

Reflected Glare
[Source/Task/Eye Geometry
[System Control and Flexibility
[Special C

[Category or Value (lux)

[Color

Chapter(s)

Exercise Center

L0

Cymnsium

11

Healthcare—clinic

1.0

Hospital

1.2

Hotel

10

Library

13

Facllity

13

Motel

10

Motion Picture Theater

1.2

Mukifamily

07

Museum

L1

Office.

L0

[Shadows

ifices (13)

0| |category or Value (lux)

{[Fiing (see Reading)

Parking Garage.

03

[

| General and private offices (see Reading) | ]

Penitentiary

L0

Performing Ans Theater

L&

@

Palice/Fire Station

L0

Post Office.

L1

w|w

Religious Buildin

13

Retail®

L5

School/Universiy

12

>|>|>

Sports Arena

L1

Town Hall

L1

Trnsportation

1.0

Warehouse

0.8

Workshap

14

Existing
Buildings

= Case Studies

= Taking retrofits to
the next, next,
level.

Seven of the nine save 50%
more energy than the national
average (CBECS1)*

All the buildings participated in
U.S. Green Building Council
(USGBC) Leadership in Energy &
Environmental Design (LEED)

* Commercial Buildings Energy
Consumption Survey 2003

August 2011
META REPORT

A Search for
Deep Energy
Savings

MNEEA’s Study of Existing Building Energy
Efficiency Renewals

Final Report

Prepared for:

Northwest Energy Efficiency Alliance
Www.neea.org

(503) 827-8416

Contact: Mark Rehley

Prepared by:

New Buildings Institute www.newbuildings.org
Contact: Cathy Higgins

= new buildings
nbl institute J




How do we get there?

Technologies
Strategies
Computer models
Case studies

K—T Project Goals

= Improve lighting
= Safety, productivity, aesthetics
= Save money

= Energy costs, payback,
maintenance costs

= Save energy
= Pollution, LEED, PR

= Use the latest technology
= LED, “Smart Controls”

Be sure everyone is on the same page




Interior Lighting

“The primary lighting goals for
office lighting are to;

-optimize the open office spaces for
daylight integration and to

-provide appropriate lighting
levels in the private and open office
spaces while

-not producing a dull
environment.”

© 2011 ASHRAE

http://www.ashrae.org/aedg

Progressive Planning

“...sustainable design is
epitomized by efficient
daylighting and electric
lighting, so, progressive
planning is an obvious
and desirable tack and
an approach to a high
performance building.”

IES 10" Ed. 11.2.1

Tlluminating Engineering Society

THE LIGHTIN BOOK

nth Edition | Reference and Application




Office building mix

Advanced Energy Design Guide
for Small to Medium Office Buildings

Table 3-3 Standard Percentage Assumptions by Space Type (Thornton et al. 2010)

Space Type Percentage of |Standard Basellne LPD,|Adjusted Baselme LPD,
pace Typ Floor Area Wi Wikt

Office—open plan

15%

| Office—private

29%

Conference/meeting room
Corridor/transition space
Active storage area
Restroom
Lounge/recreation area
Electrical/mechanical room
Stairway
Lobby
Other
Weighted LPD for the whole building

8%
12%
14%
4%
2%
2%
3%
6%
5%
100%

13
0.5
0.8
0.8
12
15
0.6
1.3
1.0
1.0

0.68
0.8
0.77
0.5
0.64
0.82
0.73
1.24
0.6
1.09
0.82
0.75

©2011 ASHRAE 11

= New construction or existing buildings

How to optimize a system for
maximum light w/ least power.

Modern equipment

Optimize room reflectance.
Optimize for daylight
Integrated; control / luminaire

placement strategy

12




ko

Baseline private office room analysis

12'x 14’
9'6” ceiling

13

Baseline- 2'x4’ “troffer”
w/ 2 T8 lamps

fixture

Fixtures

Value Yalie

el Coor o) Color
Il
fo— o
EoN |
o |

Statistics

Project 1
Calc Pts

Foom_waorkplane

lurninange-Fe.
Average€28 80 )Maximum=41.8

Miruirnirms

9 AvgiMin=2 64

LPD-UWLR Areas

LFDAEa
ArealSqFt=168 Totaltyatts=112

LPD( ats/Saft) @

14




i’ Baseline- 2'x4’ “troffer” fixture
! w/ 2 T8 lamps

I
General

Label 28Y_G_2_32_MDR-735-ml-nbf VI

Default

Descriplion |20 6 2 32 MDR:

- Diefiiticr

Lumens Per Lamp W MNurnber OF Lamps lg_
Luminaire Lumens IF Efficiency [%] lgg_
Lurnifiaire b atts Isg—

Total LLF W Speciy...

# Y 2
Luminous Bow: LLHC [4 96 -0.95 .01
URHC [1 o [0

Arrangement

SINGLE
[

Am Length [

- Photometric: Fil

Description Classification LCS

& Candela

Les

Filename: C:30ocuments and Settingshall Users\bpplication Date «
TEST]LTLIO121
|SSUEDATE]1/31/2008
MANUFAC] Lithania Lighting
LUMCAT] 24V G 2 32 MDR

nte, recessed. 2 lamp T8 32 watt, Metal D
LAMPCAT] FO32/735

T8 LINEAR FLUDRESCENT
IESHAZT
[TESTDATE] 1/31/2008
[BALLASTCAT] =
4 »

o

More... |

15

@ Not all T8 lamps perform equally

Lamp Type | Nominal | Light output || Lumens CRI
Wattage (Mean Lumens) per Watt

F32/735 32 2800 87.5 78
(2660)

F32/835 32 2950 92.2 86
(2800)

F32/835 32 3100 96.9 86
High Lumen (2915)

F28/835 28 2725 97.3 86
(2560)

16




ﬂ Modern energy efficient ballasts*

Save 3-5 watts over standard electronic ballasts.
Program Start extends lamp life.

Manipulating Ballast Factor (BF) offers many possibilities for
light output and system wattage.

Also, use delamping to manipulate system wattage and light
levels. (Watch BF change from 3 to 2 on a 3/2 lamp ballast)

For 2 T8 lamps=

32 watts x 2=64 watts (nominal)

2950 lumens x 2=5900 lumens (nominal)
- *Be sure to use
BF Watts | Light** | L/W Energy Saving
2-F32T8 .
Instant Start electronic NEMA
.88 “normal” 54 5192 |96 ballasts

1.29 high 85 7600 |94 m“
17

** = jnitial lumens x 2 / BF

= T

i’ Importance of luminaire
‘ efficiency*

Old style prismatic

lens fixture
High Performance
lensed fixture.
C o
2
As low as 60%*
Room_FloorwP 0fH*
lllurninance ' alues Up to 90 A)
Room_Floor-wP
E\crgiag IIIS;?;_an:O::[VaIuas 30om_FloorwP
Mawimum=41.9 *|(Fe) lluminance Values
Minirurn=5, 6 ':1“’.’9’ e :c] ‘
i aimum=g e - aged30)
s Minimume11.2 o
' Avg/Min=1,65 Viimum=19.1 More light
&/ Min=2.41 ﬁngi.n-1.B1
*Percent of light getting . Har/Min=2.21
out of the fixture. ’ Same Power consumption ‘ 18




K-T Baseline fixture + 735 T8 “Perforated metal lens” type

/ 68% luminaire efficiency

General Palsor [~ Pendant Mounted |

7
Label 260 _G_2_32_MDR-F35mhnbf / Defaults... % Dyramic: Aftachito 2=

Desciption IZAV G232 MDR / j € Static: Length =

- Defirtion £
Lumens P L Numbes OfL S
umens FerLamp - |2680 Hmbe e El=H TI00G00 Wi RECESSED | Render Mode
Luminaire Lumens  [3g51 Efficiency %] @ Py -
Luminaire Watts  [53 " Lumirous [

Total LLF 1.000 Specify..

% v z
Luminous B LLHC [ 95 -0.95 -0.m
URHE [1oe  fogs o

1200X300 MM REGESSED Model Mode

] Line Widh/Color
Fixel j .

Zm Length [

- Phatometric Fil
@ Candela LCS

Description Classification LCS
Filename: C:A\Documents and Settings\al Usersidpplication Datz «
TEST]LTLI0I21
|SSUEDATE] 1/31/2008
MANLUFAL] Lithania Lighting
LUMCAT] 28V G 2 322 MDR { ! —F /
LUMINAIRE] Z<4 AV ante, recessed, 2 lamp T8 32 watt, Metal D \ !
LAMPCAT] F032/735 X g /
LAMP] TwO 32WATT T8 LINEAR FLUDRESCENT
IESHAS!
[TESTDATE] 1/31/2008 J
[BALLASTCAT]

I f T 19

K Baseline Room
! Hi-Performance Luminaire &

12°x 14
9°6” ceiling

20




r High performance luminaire + 28 watt T8

ZRTES Volumetric Recessed Lahting 2 x4
MOUNTING DATA

o e e 4 e o w3 3 32
tm, L

e
= p £ = . . -
| \L ‘Q@ T oy man rm 1w .
e e (e [T et | - I
L Luaes [FRT " Eickney (%] 2 w W i ORIORY [ [l i
Luminges Watn  [1z - < Lumion [

TallF [ Sy
JE hesLangh [y — | | [ Mot ete

X v Z
LumingusBox LHE [1275 [oams [om ] . PHOTOMETRICS
(L ol el e | SWTSEIL A b 20k g . 3k A e L1880
L . =l Sonsam sturmn
Dezerplion | (lsashesbon | [T
Flerume: [ \llneuments s Setirgi\il Uses\Apckeaton (i &
[TESTILILIRST 'l
E5TLAD ACLITY BRAKDS LIGHTING COMYERS LAD
SUEDATE] 10/12000
un:fr'%m <y
INAIRE] AT, Viaoetic Lighing. 1.4, 2w, F32TH1
%“ Lightng, 214, 2,
TWATT LINEAR FLUDAESCENT T8, HORZ FL
[BALLAST | GHE S32TBAINY LSE

.f‘l"““l o

-~ Genssl
Latel [ATm_asame ¥
Deccigion  [ATeG 232

+ Dinbraon -

I

EHEYEERIS 23
SHEdnhAEE

83% luminaire efficiency 08 Lrromia g —

'i‘ High performance luminaire +
( 28 watt T8

Baseline High Performance
ET—— - Statistics ]
Project 1
Cale Fte Project 1

[Foam Workglane
luminanc (Fol

(dverage=20.80 Maximum=41.8
Minirum=103 Avg/Min=2.64
Ma/Hin=3 83

LPD-UWLR Areas

LPDAres
[drec(ScF =168 Told Walts=118
LFDWalls/SqFt}=0.702

TITT
(1]

Calc Pts

Foom_workplane

Hurninahcs

Average Mawimum=51.2
Minimum=t2-5" Avg/Min=2 80
Mantdin=4.10

LPD-UWLR Areas

LPDArea

ArealSqFt)=168—Falal Watte=84 LFD
(Watls/SqFY0.500 )

11



r Luminaire efficiency- High bay metal halide

e

93%
efficient

37% Similar fixtures, 25% less light out of the luminaire.
t
ereen This applies to all applications and luminaire types.
23
K‘ If | want to really save energy shouldn’t |
|

use LEDs???

12
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» For any lighting measure to
“Make Sense” it needs to: LEDs can outperform
= Perform. Do the job that the ssssssEgll Many incumbent

) sources. Particularly
incumbent could do. when combined with
c inefficient luminaire
» Be sustainable, save energy e,
and be maintainable.

= Be cost effective. LEDs save energy and
maintenance costs compared
to many products with long life
and high efficacy.

LEDs often have high first cost,
but it is important to look at possible
long term benefits.

= T

i" 3 better quality LED Troffers
1 modeled by computer

N
N
x
T [Poject 1
- ) Calc Pis

2

—_— [Foom_Workplane

Project 1 uriarce (Fo)

Calc Pts verage=36.66 Maimume5d 4

Minimum=145 Ava/Min=253

Project 1 Room_workplane Mas/Min=4.10
Calc Pts llluminance (Fo)

Awerage=39.38  Mavimum=60.2 LPOUWLE Arcas
Foom_‘orkplane Minimum=17.7  Avg/Min=2.22 LFDea
lluminance (Fe) Man/Min=3.40 lreaSaFt=168 Total Watls=03.8
werage=3293 Mavimun=481 LPD[Wats/SqFt]=0.535
Minimum=16.3 Ava/Min=2.02 LPD-UWLR Areas
IaniMin=2.95

LFDArea
LPD-UWLR Areas ArealSoFt)=168 Total\watts=100

LPD W atts/SqFt)=0.595
LFDAres
brealSaFti=168 Total\Watts=88 LPD
[ atts/SoFt]=0.524

13



E How do LED troffers compare to high performance T8s in the
| computer model?

Product Watts/Sq' | Avg FC FC/Watt
T8-HP 5 35 70
LED- Cr 52 33 63
LED- Lith .59 39 66
LED- LOL .54 37 69

They deliver about the same light, for about the same power.
See the FC/Watt column

27

Atlanta International Airport

E LEED Gold w/out LED %Hartsfielddackson

Excerpted from LD&A March 2013*

“...strategies and technologies that
were responsive to the needs...cost
effective, and easy to maintain.”

“LED was still evolving at that time.”

DGA used a mix of fluorescent, CFL,
and MH

Gonzalez says that if designed today
the project would feature LED point
source and probably linear LED
sources.

Controls used throughout the project
were; “hardly sophisticated but very
effective...The lamp with the longest
life is the one that is not on”

*Article by Diana Ventimiglia
Design by Domingo Gonsalez, DGA, NYC




K— How to optimize a system for
, maximum light w/ least power.

= Modern T8 lamps & ballast

» Efficient luminaire

» Optimize room reflectance.

= Optimize for daylight

» |ntegrated; control / luminaire
placement strategy

= New construction or existing buildings

29

r Room Surfaces

1

i3 _-._l_‘—-.. __'TJI!F - _1'

o el I : P e
= -. = a '._ : _:{__..'

Mitigate brightness ratio of luminaires,
control contrast of tasks and background
and, add to higher light levels.

15



An important part of a lighting design should be existing or

proposed surface conditions

Above- same lighting on each floor, with different surface reflectances

31

Effect of surface reflectance on light delivered in the space

Surface Average FC Maximum Minimum Max to Min
Reflectance Ratio
85/75/56 High @ 827 115 7:1
70/50/20 Med 35.0 61.1 5.4 11:1
35/25/11 Low 437 21 21:1

32

16



@ Note the dark surfaces

| %EI Be aware of where the contrasting surfaces are
# and how they will impact the task appearance.

17



K‘ High performance High
! reflectance (80/75/50)
L e N

2l Statistics ]
Project 1

Calc Pts 70/50/20

Project 1

Foom Wolkplsne Calc Pts

lluming

Averad aimum=51.2

Mirirr fivg/Min=250 Room_w orkplane

Max/Min=4.10

lurninarze
LPD-UWLR Areas Averagd Jd awimum=E5.3
| PDtrea Minimum=26-8-%vg/Min=1.84
[eafSo (=158 Tamwalts=84 LFD WMa/Min=2 44

(walls/SaFE0.500

LPD-UWLR Areas

[V;E‘]ue & }’;E‘]ue Bl LPDArea
- = ArealSoFt)=1E8—Tetal Watts=84 LPD
,’m: = LD: = MattsquF
o | 35
o &
PR
K— Case Study
Deep Energy 1 new buildings .‘".
W savings in nbl institute U RETIWRCRE
Existing
Buildings THE BEARDMORE BUILDING
Site Details

» Owner: Brian Runberg

« Location: Priest River, ID
* Building Type:
Office/Mixed use

« Project Description:
Major Renovation Historic
* Size SF: 28,800

* Stories: 2

* Project Completion: 2009
* Year Built: 1922

Energy Performance

% Better than Baseline= 66% =
Baseline Average for Photos: Marie Dominique Verdier
U.S. Offices*
Measured Energy

Use (KBtu/SF/yr) 32
Energy Star= Score 90

* U.S. Commercial Building Energy

Consumption Survey (CBECS) 2003 36

18



PR
K— Case Study
Deep Energy b' new buildings ."'.
| : !
Savings in NI stiute m.?EJIESBRJE’ NFSE
Existing

Buildings THE BEARDMORE BUILDING

Efficiency Measures

« High-efficiency HVAC package
units with economizer controls

* DCV with CO2 sensors

« Increased insulation

« Improved roofing materials with
high solar reflectance index

* Low-E glazing

* Lighting exceeds utility
advanced lighting requirements
« Lighting night set-back and
occupancy Ssensors

e Commissioning

Photos: Marie Dominique Verdier

37
PR
K— Case Study
Deep Energy = new buildings ."'.
W savings in nbl institute LT IRk
Existing
Buildings THE BEARDMORE BUILDING

Brian Runberg, owner, believes the building has
“sparked new economic life into the community,
giving it a renewed sense of pride and
entrepreneurial spirit. Tenants saw the potential
of what could happen in the building and came
with business ideas.”

Photos: Marie Dominique Verdier
38
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= T

r " Light Quantity:

OCT 1939-Nela Park

200 footcandles of “diffused light” —
-twenty-five to fifty times as much
illumination as many office people
attempt to see by* -- aided this group
when it met recently in the "round
table room" of General Electric
Institute at Nela Park, Cleveland.

-Making possible indoors this newest
challenge to seeing conditions as
found outdoors is the experimental
fluorescent fixture shown here on the

ceiling.
*8to4fc?
= ng ht |eve| LEVELS OF ILLUMINATION (INTERIOR) 9-87
recommendations . T
5t Ed., circa-1972 "

Drafting rooms
Detsiled drafting and designing, cartog-

raphy ......... ..., 2001 2201
Rough layout drafting. .......... ... .. 150% 1601
Accounting offices
Auditing,  tabulating, bookkeeping,
business machine operation, com-
puter operation.................. 1501 1601

General offices
esding poor reproductions, business
machine operation, computer
OPETAtion.......... ... ... 150t 1601
Reading handwriting in hard pencil or
on poor paper, reading fair repro-
ductions, active filing, mail sort-
Mg 100t 1101
Reading handwriting in ink or medium
pencil on good quality paper, in-
termittent filing............ ..., 70t 75t

Private offices
Reading poor reproductions, business
machine operation.............. 150t 1601
Resding handwriting in hard pencil or
on poor paper, reading fair repro-

ductions....................... .. 1001 110t
Reading bhandwriting in ink or medium

pencil on good quality paper..... 70 75t
Reading high contrast or well-printed

materials .o 30t 33t

Conferring and interviewing.
Conference rooms

30 33

Critical seeing tasks....... 1001 1101
Conferring..................ooiiie.. 30 33
Note-taking during projection (varia-
ble)................ ..o80f | 33t
Corridors L. 20 22%

* Minimum on the task st any time for voung adults with normal and better than 20/30 corrected vision. For general notes see beginning of tabalation 40
For other notes see end of tabulation.
% Dekalux is un 8l unit equal to 1,076 footeandles. 1 dekalux = 10 lux.
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Illuminating Engim::ring Socie

THE LIGHTI

Tenth Edition | Reference and App

Davld L. DILaura
Kevin W. Hi T
Richard G. Mistrick
Gary R. Steffy

Light level recommendations circa-2012-10" Ed.

ENGINEERING 50

41

N ' 10th Ed, circa-2012

Light level recommendations

ENGINE

RING SOCIETY

CopiP £2011 by S Muminating Engiocesing Socety of North Arrica [E5). Toe purchuser s comsed i pbicllon b ogreemee, o e s ely.

Lighting for Offices

oy S201 11y . Murinating Engicering Sacey of s Asmerca IE5). The porchaser i cersed 1l pbicalon, by ageeemest,for s e iy
= or maun

Applicatons | Lighting for Offices

Racomemended Maintsimed laminanca Targets (x** Uniformity Torgets” Naterfor Table 322
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s continued next page
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1§ 10t Ed., circa-2012

Light level recommendations

& Tlluminating

ENGINEERING SOCIETY

e ) 7
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] 10t Ed., circa-2012

Light level recommendations

@ [lluminating

ENGINEERING SOCIETY

Applicatons | Lighting for Offices
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Light level recommendations .9 o
| 10t Ed., circa-2012 — Reading Detail M [lluminating

Table 32.2 | Office Facilities e continued fram previous page
e
Horizontal (E,) Targets. Vertical (E,) Targets
Visual Ages of Observers (years) Visual Ages of tyears)
where at least half are where at least half are
Applications and Tasks’ <25 2565 =65 =28 " 25-65 a6
Category Gouye Coleory Gage
- v - -
See READING ANDWRITING, establish tasks and narmalize to iluminance of most important task or mest comman task; use
cantrols to provide illuminance variability if tasks so demand.
See 26 | LIGHTING FOR EXTERIORS
PEDESTRIAN WAYS See 26 | LIGHTING FOR EXTERIORS -
READING AND WRITING
See READING AND WRITINGAVDT Screen and Keyboard
E,andE, gheight of device P 150 @0 Ava N 75 150 300 Ava
E, and E, @haight of device N 75 00 Ava K 25 50 100 Avg
E, #2' 6" AFF; E, 4 AFF R 250 500 000 Avg M 100 200 Avg
E, £2' 6" AFF E, 84’ AFF 3 150 300 00 Ava L 375 75 150 Avg
Based on fair-to-good penmanship/hand arint on white or canary paper o
- Graphite/HB E, @2'6" AFF: E, 84° AFF I 150 200 800 Avg 375 75 150 1
- Red E, @2'6" AFF: E, @4’ AFF 3 250 500 1000 Ava 50 100 200
peint/Rollerpeint/Feit-tip [ s -
- Black E 32" 6" AFF;E, o4’ AFE 2 150 600 __Avg L 37.5 75 150 Avg
- Red, Green, Blue E, @2'6" AFF: £, @4’ AFF a 200 800 Ava L 375 75 150 Avg
«Laptop Se2 READING AND WRITING/VDT Séreen and Keyboar L
* Microforms (Projected) - B 375 75 150 Avg | 15 30 60 Avg
* Print Med Digital-printing-press-generated, white papar
- 6-pt Font B I
- Matte paper and ink Ey @2 67 AFF: E, @4° AFF 3 250 s00 1000 Avg L 375 #5150 Avg
- Specular paper and ink B, @2 6" AFF;E, @4'AFF R 250 500 1000 Avg L 37.5 75 150 Awg
» 8 and 10-pt Font - ol -
- Matte paper and ink E, @2' 6" AFF: E, @4’ AFF P 150 300 600 Avg K 50 100 Avg T
+ Spacular paper and ink E, @2 6" AFF: E, @' AFF/ I3 150 300 600 Avg K 25 50 100 Avg
* 12-ptFont N N o 45
* Matte paper and ink E,@2 6" AFFE,@4'AFF O 100 200 400 Avg K 25 50 100 Avg
- Specular paper and ink E, 02 6" AFF; E, md' AFF o 100 200 400 Avg K 25 50 100 Avg

D e

Relative task size and contrast

This is 12 point type
This is 10 point type
This is 8 point type

Thisis 6 point type.

This is 12 point type

This is 10 point type
This is 8 point type

This s 6 point type

23



iﬁ What about daylight?

47

[

iﬁ Goals

Interior Lighting

“The primary lighting goals for :
office lighting are to;

-optimize the open office spaces
for daylight integration and to

-provide appropriate lighting
levels in the private and open office
spaces while

-not producing a dull
environment.”

http://www.ashrae.org/aedg

© 2011 ASHRAE

24



Open Office Side lighting
Daylight Zone = 2 x window ht.

Effect of ceiling height.
Over 2 times the light for 2 feet higher ceiling

%7

9.7FC 3.3FC

\11”

50
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i—- Changing window opening.
1 It can be done...

50% wall reflectance

23 F 7.5FC

D2l Gl Use high reflectance surfaces to maximize daylight

85% wall reflectance 28.2 FC 12.8 FC

26



'ﬁ Glare- (Direct, Reflected, & Contrast)

=“Electric or natural light sources that are too bright can produce
discomfort and impair vision.” IESNA

100% Black out
shade

95% Woven
fabric shade

53

S TIE

r Orientation of Workstations to Vertical Glazing

=Orient partitions and
shelves of workstations to
90 degrees of windows
(perpendicular).

=Qrient computer
monitors to 90 degrees
also (+/- 30 deg)

54
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r Balanced Light

Perimeter daylight is balanced by lighting in the “back” of the
space. This could be accomplished with electric lights or even
better, use skylights.

Lights mostly off.

Daylight and inner row
only — reoriented lights
and furniture

28



alue el Walue 3x1Te-Tall-Day
F) Colar [Fe) Colee [Fel Celot g
v 5 e e T
[0 BN [ EE [ ..
= T 5 B[ I
S |
Daylight and inner row "} " L ah

only — reoriented lights + B

=1 E E
and furniture et \ T
F ji o

Project 1
Calc Fis

Rioom_Floor-wF
llluminance Y alues b
(Fel ./

Average=122 60 T '
t aximum=528 e \

Finimum=13.3
Avg/Min=9.22
b awihdin=47.24

LPD-UWLR
Areas

Pendant 3x1T8-
Tall-Day .
Total Wattg=232 \

LF attz/Sq.FL)
=145

K-T Balanced light

29



The high performance
window

I An interior lightshelf provides 3 major
benefits to a space.

«Block direct sun from penetrating into the
space through the upper “daylight” window.

]

*Reflects diffuse light onto the ceiling plane,
where much of our perception of the
brightness of a space comes from.

*Reduces light levels at the perimeter,
creating a more evenly distributed
illuminance across the section of a room.

Use an Interior Lightshelf to Provide
Diffuse Daylight and Block Direct Glare 59

K—T Daylight in private perimeter office.

Easier to manage
than open office.

Why?

60
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e Case Study

KOl oo eneroy = new buidin i
: 2 o New gs
Ei};{!ﬁ; in n bl institute § WBETTERBRICKS
1S1
Buildings HOME ON THE RANGE
Site Details

* Owner: Northern Plains
Resource Council

* Location: Billings, MT

* Building Type: Office

* Project Description:
Major Renovation

« Size SF: 8,500

« Stories: 1

* Project Completion: 2006
* Year Built: 1940

Energy Performance
% Better than Baseline= 51%
Baseline Average for

U.S. Offices*
Measured Energy * CBECS - U.S. DOE Energy
Use (KBtu/SFlyr) 46 Information

Agency's Commercial Building

Energy Star Score= 99 Energy Use Index 2003

-i— Case Study
Deep Energy 1 ew buildings .f'.
W savings in nbl institute U RETIWRCRE
Existing
Buildings HOME ON THE RANGE

Efficiency Measures

* High-efficiency boiler
* Radiant-floor hydronic
system

* Variable frequency drives }
* Increased insulation

* Low-e glazing

* Photovoltaics

* T8 fixtures with
dimmable ballasts and
daylighting controls

* Light shelves

» Occupancy sensors

* HVAC controls

« Commissioning

31



f To Review:
How to optimize a system for maximum light w/
least power.

= Modern T8 lamps & ballast

= Efficient luminaire

= Optimize room reflectance.

= Optimize for daylight

» |ntegrated; control /
luminaire placement
strategy

63
r Advanced Lighting control systems...
:,x:;;[rwummuvmwm ‘.: W-W rapbSansor Unit a0 -
(AL e oo Y RS ik \ # g
e e e
Bl .
1

netwaork "

network
BACnet BMS

board

COMPUTER

32



@ Three simple concepts combined

» |ntegrated; control / luminaire placement strategy

= 1-Occupancy/Vacancy
= 2-Bi-Level (2 zone)

= 3-Task/Ambient r )
r)

65

S Comparison of Control Options in Private Offices.
iﬁ Advanced Lighting Controls Testbed

* Typical Office Building

+ 7 Month Study Period Control Strategy Energy Saved

* 5 Controls Scenarios Single Level Switching 0%
* April 2000
Bi-Level Switching 23%

... the energy savings due to occupant
sensing vs. dimming depended on the Occupancy Sensors 20-26%

behavior of occupants. - -
Dimming - Photo

) 27%
In offices whose occupants tended to Sensors
stay at their desks all day, dimming Occupancy and Photo 46%
controls saved more energy, and vice Sensors 0
versa. - )
Dimming -Task Tuning 23%
Judith D. Jennings, Francis M. Rubinstein, Dennis DiBartolomeo, Steven L. Blanc
http://eetd.Ibl.gov/btp/pub/LGpub.html 66

Courtesy: Lawrence Berkley National Laboratory
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P e

i’ Controls savings

Lighting Controls in Commercial Buildings

Alison Williams'", Barbara Atkinson PE', Karina Garbesi PhD', Erik Page PE?, and

Francis Rubinstein FIES'

Data research from
240 savings estimates
from 88 papers and
case studies.

Building Type Occupancy | Daylighting ].}Ie:lfi::gl msﬁiﬁigm Multiple Types
Office 22% Mm=23) | 27% n=18) | 356% (n=13) | 36% m=11) 40% (n=24)
Warehouse 31% (n= 4) | 28% n= 1) - - -
Lodging 45% = 2) m - =
Education 18% Mm= 5) | 29% n= 7)| 6% nh= 2) - 34% n= 7)
Retail (other than mall) 29% [n= 3) 60% n= 1) =
Healthcare inpatient - - 35% (n= 1)
Public assembly 36% [n= 2) | 36% n= 1) -
Healthcare outpatient | 23% (n= 1) -
Other 7% = 1) | 18% = 1)

TABLE 8.
Energy Savings by Bullding
Type—Final Filter

“We found that simulations appear to overestimate savings... especially for daylight”

67

LEUKOS VOL 8 NO 3 JANUARY 2012 PAGES 161-180

Occupancy Sensing vs Vacancy Sensing

With vacancy sensing, lights
only turn on when user turns

the lights on manually.

Then, automatically turn lights
off when spaces are
unoccupied. Like a regular
occupancy sensor.

This can save more energy,

but...

68

Courtesy: Leviton
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The space may |
feel ...“vacant”

So, all lights
may get turned
on anyway.

r Problem with vacancy sensing

r Which to use where?

= Occupancy-

= “Owned spaces”
= Office

= Lobby or retail- “We’re here”

= Vacancy-

= Non-“Owned” task areas
w/ daylight.

= Storage
= Copy room
= Back stair/hall

35



Configure luminaire or space with 2 or

more switched circuits.

*Characteristics:

*Simple
«Easy to Understand

*May be used with an Occupancy Sensor
or Vacancy Sensor

*Considerations:

*All lamps frequently turned on
eInstalled cost may be equivalent to
dimming

May change light distribution

Courtesy: Advanced Lighting Guidelines, Lithonia, Focal Point

Bi-Level Switching

Lihlig
cieut T A To more batlss
breabir | | # nocessary
i elech
closat) =t
1 g haas
on |
Wl |
e i Suitch A I
Foam 1
(@ igrang /" B
hown) 1
off
Siamp balas)
L f T moe batsis
it necessary
A T mow balssts
24amp batast
el an
awiroas in | ———
Ao
{12 Ighsing
shown) _/._.
on
To moes
mamsan
L
prnlsestion To mee balsts

71

QHES T8 BI-LEVEL

Bi-level with uniform light

There are bi-level ballast
available for a one ballast
application

‘www.syhvania.com

QUICKTRONIC® PROStart® T8
QUICKSTEP®

High Erficiency Series

/ Ballast Guide y

Normal Baliast Factor

2 HESPETIRU PG

‘
@: Migis Etficumicy 100 - 0% St Sirming

The ar
management solutions for big box ratail, worehouses, and industrial facilities,

providing the flexibility to reduce light levels in unoccupied spaces and cut energy
usage during peak load

Unleted bl <

tchig - biind s agrammatet fve ool yces etz per day

sz i cencars, 5 i T SmRchos e
hant vt in e are

when hesharscard potters,
ko 71 st diesing

a2 high balastfactor 3 cpprasmtely the same o3 3 kamp noemd balost st

33 igh BaloctfaEtar 4 Spprcmatly The £ 3. g narn balort faotar
Aoty

Attt entralor i with FSZTAANH, FZ2TE ar FRPTRSWS ducod watige lans
23,8006 kamp ofienng

high afcency NEMA BrEmIUTE Grlamp = sxtrema 4 % efomnay mul lood
ULratiog 35°C amb
ULtype G ent-are rotmg

72
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E Bi-level combined with occupancy or vacancy

Can be done
separately or
integrated into the
same device

73
Courtesy: WattStopper

o

Bi-level and lighting uniformity (one zone).

If done conventionally,
bi-level lighting results in
the same luminaire
appearance and light
distribution, but just a
lower light level... and
less power consumption.

High light- OK for tasks,
but more than needed for
ambient.

74
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i

Bi-level and lighting uniformity (one zone).

If done conventionally,
bi-level lighting results in
the same luminaire
appearance and light
distribution, but just a
lower light level... and
less power consumption.

Low light- not enough
for task, but OK for
ambient.

75

High performance luminaire + 28T8
with Bi-Level (one zone)

&
Full output compared to
50% output
=] |
Project 1
S 4 x
Floom_Wolkplane Project 1 l
I F
ety Msirans1 2 Calc Pts
Miniman=125 A Min=2:30
Maw/Min=4.10 Room_orkplane
LPD-UWLR Areas HurninarcefFs .
. Average @ Mawimum=25.6
ArealSoFt=168 TotalWalts=B4 LPD M|n|mu|_'n=_ Borgiiin=2. 82
Walis/SqFti=0.500 M au/Min=4.13

Value

=

ue
)

@l g

117

111
T11E

LPD-UWLR Areas
LPDea

ArealSqFt=168 Tatal Watte=42 LPD
[WattsquFt]:

IIIIQ
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Where do we put the light?

General lighting only. - A -

Requires that the ambient lighting
provide the task levels of light. This
puts more light than normally i |
needed in non-task areas.

Task lighting only.

Means that some areas in the space
get a very low light level. This can
lead to contrast problems. 77

Task / Ambient Advaticed uymﬁg-c.;uzi;:’“ 5
Lighting Strategy

00! Edition

=Ambient lighting is to
within 1/3 to 2/3 of target
illumination.*

»Task lighting is to within
2/3 to 4/3 of target
illumination.

*Daylight can be a great
source for ambient light




r Two Zone Bi-Level
! Task Ambient

Low light level with
task - ambient

1.2 e M W g _aid FLIE TR T C O

|
Calc Pt =l
T, VRO | ik [P 1
148 Msimane25 Cale Pts
2 b _ Mrmrarrmt 2 AvgHined B2
Hadhin-413 Room_Warkplane
. P rw s Aumas [luminance (Fc)
L . A\_u'e_lage=1? & Maxi!nu
e i
LPD-UWLR A
T reas
F 1N F . LPDArea
- ds J Bl [ . Areal5gFt)=168 Total Watts=42 LPD
- - - ; [Watts/SqFt}<0.250
Highest light level is over workstation ,'t = r't =
=
r, Task Ambient lighting strategy

= Lights in the circulation
areas can possibly be
eliminated, resulting in
lower Lighting Power
Densities LPD

Just use lights over the
task areas.

Ideally one per work
station.

80




Typical general
lighting layout

20- 2 lamp, T8
lensed fixtures on
8’ x 10’ centers

Project 1
Calc Pts

Room_Floor-wP
llluminance Values

LPD-UWLR
Areas

DELlensx 9

One fixture over each
workstation

9- 2 lamp fixtures;

There may be contrast
issues with this plan
without an ambient
source.

Daylight or an indirect
fixture are good choices
of ambient light

41



Calc Pts 2-T8 lamps per
Illuminance work station =
Values (FC
e 8x2= 16 lamps
Average=22.22
Maximum=435 | Njote that the
Minimum=6.8 indirect/direct light
Avg/Min=3.27 and lighter surfaces
Max/Min=6.40 helps control
LPD W/SqFt contrast, while still
otalWatiedod providing good task
levels.

LPD=.290
PR
K— Case Study

Deep Energy 1 new buildings .l".

W savings in nbl institute LT IRk

Existing

Buildings JOHNSON BRAUND DESIGN GROUP
Site Details r s
« Owner: JBDG Inc

» Location: Seattle, WA

* Building Type: Office

* Project Description: Equip. Upgrade
* Size SF: 8,000

* Stories: 2

* Project Completion: Ongoing

* Year Built: 1984

Energy Performance

% Better than Baseline= 69%
Baseline Average for

U.S. Offices*

Measured Energy

Use (KBtu/SF/yr) 29 *CBECS - U.S. DOE Energy

Energy Star Score= 94 Information Agency’s Commercial
Building Energy Use Index 2003

42



_— Case Study 3 new buildings .‘".
T T e fserrersncs
Savings in

Existing
Buildings JOHNSON BRAUND DESIGN GROUP

Efficiency Measures

« High-efficiency HVAC
heat pump

* Heat recovery

« Replaced entry doors

« Sealed and caulked
existing windows

e Lighting upgrade to T5
fixtures

« Daylighting controls

» Occupancy sensors

« Electricity management
monitoring system

Photo: Courtesy of Johnson Braund Design Group

85

K- Baseline Room and
q Putting it all together Hi-Performance
Luminaire

= Small load= .5 W/Sq’

= High performance
luminaire

Statistics x|

Project 1
Calc Pts

Foom_workplane

lluminance [Fo)

Average=34.97  Maximum=51.2
Minimum=125  &vg/Min=280
M anMir=4.10

LPD-UWLR Areas
LPDArea

ArealSqFt]=168 Tatal wWattz=84 LFD
[Watls St @
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. Baseline Room
K-1 Putting it all together Hi-Performance Luminaire w/
controls

= Small load= .5 W/Sq’

= High performance luminaire
Occupancy=.5 - (~25%) = .4
W/Sq'

= Entry triggered for user feedback
Bi-level at 50%= (~25%)
— two zone

= Only half power at entry
Task/ Ambient

P
rPrg'gg! 1
Cale Pts

Room_Waorkplane

[luminance
Averag{@Maximuma’ﬁ5
Minimum=2-8"Avg/Min=6.38
Maw/Min=13.04

LPD-UWLR Areas

LPDArea

ArealSqFtl=168 TotalWatts=42 LPD
[Watts/SqFt)=0.250

Baseline Room
K-, Putting it all together Hi-Performance Luminaire w/
controls & surfaces

Small load= .5 W/Sq’

= High performance luminaire
Occupancy= .5 - (~25%) = .4
WISq’

= Entry triggered for user feedback
Bi-level at 50%= (~25%)

= Only half power at entry
Task/ Ambient

High Reflectance surfaces

Statistics k|

Project 1
Calc Pts

Foom_waorkplane

lluminance

Averag Marimum=44.6
Minimum=7"9 A7g/Min=3 16

I an/Min=5.65

LPD-UWLR Areas

LPDAea
brealSqFt=168 Taotal'watts=42 LPD
[ atts/SaFt)=0.250
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r Baseline Room

d Putting it all together Hi-Performance
Luminaire/ Controls
and Daylight

Small load= .5 W/Sq’

High performance luminaire
Occupancy= .5 - (~25%) = .4
W/Sq’

Entry triggered for user feedback
Bi-level at 50%= (~25%)

Only half power at entry

Task/ Ambient

High Reflectance surfaces

Daylight for ambient fill-in

89

Light off
(task/ambient)

Bi-level (2 zone)
Occupancy
Sensor




r Lastly...

Interior Lighting Ndvancad Eneray De

“The primary lighting goals for ! ail 10 ivied

office lighting are to; L % En

-optimize the open office spaces for m—
daylight integration and to i

-provide appropriate lighting
levels in the private and open office
spaces while

-not producing a dull
environment.”

AEDG-2011- 50%

r Low power density + daylight

When you are at .25 watt/SqFt,
there is room to add a little accent
light.

46



r Low power density + daylight + accent lighting

When you are at .25 watt/SgFt,
there is room to add a little accent
light.

i" Covered parking- Different than exterior lots.-
1 How?




iﬂ“ﬂ | Parking —different lighting for different areas.

= LED
= |nduction

= |inear
Fluorescent

X“ 96

48



"i—ﬂ Parking technologies —
] Looking at the numbers

Type Life Efficacy | Color Cost

*Lamp efficacy

50,000 —

100,000

Or longer?

Fluorescent 40,000 — ~90* 4100K $
F32T8 60,000 85 CRI

**Ease of controllability —O=Easiest, O=Medium,O=Hardest o7

E Optics

= Glare control
= Distribution

= |nfrastructure
investment

= Luminaire
efficiency

98
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|
i

R oom_Floor

Iuminance Y aluesF )
Average=h 40 Mavimum=11.4
Minimum=2.0  Awg/Min=3.20
W aw in=5.70

LPD-UWLR Areas
LPDArea
LPD atte/Sg Fr)=0.190

v Valie

[Fel Calar [Fe) Color
0.25 B - | |
N NG |
05 B ¢ /=
[ I = .

AreaSo.Ft)=28000 Total'watts=h413

rt;gi

Summary table.

Parking garage in
the simulation is
190’ wide and 150’
long, with a 8’
ceiling.
Reflectances are
(60/40/20).

All simulations use
42 fixtures in the
same locations,

Parking Performance

**Foot candles are initial lumens in all cases as LED files do not
include mean lumens. Appropriate light loss factor can be applied.

Watts | Watts | Average . Max to
E;?:uiﬁt/ per | perSqg | FC** on l\é%x '\ég Min
ping fixture Ft floor ratio
100wattMH | 129 | P | 64 | 114 | 2 | 57
w/sq
LED-A 54 (0 , 4.3 6.1 1. 6.1
w/sq
LED-B 79 | 12 5.2 129 | .8
Generic
alstilp 58 V'VC;SS, 63 | 137 | 16 | 856
2- 32 watt T8 q
100

50



[

Parking- LED and fluorescent

Parking with fluorescent

102

51



i Fluorescent does not necessarily mean utilitarian
|

%" Case Study:
'} Seattle Parks at West Marginal Way

= Retrofit strategies
and baseline data
comparisons

= Compiled by
Lighting Design
Lab for SCL
= Eric Strandberg

52



2 lamp suspended “wrap”

A SEATTLE PARCS | RECREATION [ ATOUT [iar s reee] T
ﬁ;‘%: W MARGMAL LT OFICE RCF LarouT :2174‘ T
D00 000 oy = = | = 11
1 I ]'l go=g == 0.0
pri0nst = = =11
0ppgepp o il 30 < 00
0000000 7 - = CI]’ 0
L R S =R=t = =R
OO0 Bl e == )]
4 lamp recessed prismatic 105
o
ﬂ Existing conditions*, T8 scenario data
(73) 2 lamp wraps at 58 watts per fixture = : ! : :
4,234 watts (32 watt T8 w/ electronic it il I i
ballast NBF) By | ¢ resenawromes | R [ |
(30) 4 lamp prismatics at 115 watts per Il 000y = == 010
fixture = 3,450 watts (32 watt T8 w/ 1 TT 0010 I
electronic IS NBF ballast) 100 = = =
Total wattage = 7684 Prront - - - U
ol weattage = Dpgep g g il el = Sl
Total square footage (approx.) = 6000 Tt = — = |l=
Lighting Power Density (LPD) = 1.3 w/sq’ . e I s R = B | I 1
1180 100pp 88 88 4+
iR ic B S =E= S =R =% ¥ B
*Due to the varied equipment on site, normal ballast factor wattages will be used for T8 baseline.
Actual observations revealed an inconsistent mix of ballast types 106
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R, Ballast diversity on site

2-lamp & 3-lamp ballsts.

(no 3 lamp fixtures on site)

107

i" Basic strategy- w/ upgraded fixtures*

Due to the generally high lamp and luminaire, count a combination of delamping and

luminaire removal will be recommended along with improved fixtures. NBF “NEMA”
ballasts, with standard 835 T8 lamps.

(51) 2 lamp pendants* at 55 i SEATILE PARKS { RECREBATION
% . W MARGNAL WaAY OFFICE

watts per fixture = 2805 watts
(32 watt T8 w/ electronic

ballast NBF)

(26) 2 lamp high performance b0 0 1° 1 (] 0 0 0 0 10
lensed* at 55 watts per fixture

= 1430 watts (32 watt T8 w/ 1 000 gg 0 020 0 1
electronic IS NBF ballast)

Total wattage = 4235 [l |] [l i |] ” U [I H I] |] ﬂ
Total square footage (approx.)

Toul s FIT Il = = =
Lighting Power Density (LPD) [] |] [] ﬂ I] = —E——]

= 71 wisq’ 0o e e

*see following spec sheets [[I I]] [[I] ﬂ [l]] III I] ﬂ] 8 8 B B
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Open office option

Fixtures reduced from 37 to 22. Changed from wraparound to bladed
pendant. Raised from 8’ to 10’

P T
1 p
FINELITE Series 4 - Technical Sheet
/'~ N
NRVAY,
Generd Fole ar [~ Pendant ounied 4 -
Label REFLECTOR CLOSED ¥ Defauls & Dyric ez [ ¥ t
I sddenm o enibent sy wnd v D . s R -
Desciiton  [FINELITE 54 27 REFLECTOR CLOSEDLEF Mean e [N iy e T
imbok SERIFS 4 LENGTHS & SUPPORT LOCATIONS
Luens Per Lawp [ogop | Huanber OfLamps 2 o e —— -
Luminaire Lumens 4535 Effiency () [ / Hoia I ‘_4. o
— L = i -
Linaic s[5 b P f — ra i oy
TR —— — =
SERIES 04 Model Made 1 = &
« v - Am Lengih [T — —
LuminousBox LWHE [Z [aste | [0d8 [=8-=| Line wickh/Calor ar :: ::
| ™ ]
URHC |2 0515 [o14s Pl = Py +
Pholomelic Fi FEIPCATENS
i " Coscaton_ ). = | bor rfomation @ Candela O LCS ey —
z oty Ly e
Fiename, C\Documents and Selings\AllUsers\Applicaion Dale + s
[TEST]ITLIE130 BECATS b el e
[TESTLAB] TL e
(1SSUEDATE] 0614199 -
[MANLIFAC] FINELITE, INC. '.";“;_‘n:’.g_‘:.‘."',.‘;."‘:'?.‘..'.‘u
[LUMCAT]FINELITE $4-2T&-REFLECTOR CLOSED e T AT
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| Statistics

Project 1
Calc Pts

Open Office_workplane
lluminance [Fc)

Minimum=14.3  Avg/tin=2.55
b e /lin=3. 38

LPD-UWLR Areas
LFDAEa

LD\ atts/SgFtj=0.622

Average=36.48 Maximum=48.3

\brealSqFt=1575 Total'wWatte=980

Open Office

Area =1575 3qFt
Total Watts = 980

Lighting Power Denaity =0.622 WALLa/SQFL

y: b s s na 1 my o e Wy e j Bt e '.'l;r"#\':.':
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Fel [ Coe Fel
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% = | G
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e E - BT e o e s wa we Wi b B3
P

r{ Conference Room and Small Office

Same luminaire type for each space, low
ballast factor ballast in conference room
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PG, Conference room Finelite option
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Area =735.00 Sgrc
Toral Watts

Conference Room
Finelite 2x4 data

3 Fower Camald

TY =0.800 WACta/SgFT

Project 1
Calc Pts

Fioom_'w orkplane

lluminance (Fc)

Average=09.28 M aximum=82.0
Minimum=221 Avg/Min=258

Maw/Min=3.71 .
LPD-UWLR Areas
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ArealSqFt)=730  Total W atts=588
LPD M atts/SaFt)=0.800

Wale Wale

IFel Coler IFe] Calar
[20 B - [ ]
oy |
[N |
il

57



Small Office — Day-Brite

3 1 - - - w -
L _T L -7
iy P o Rk
L Perrery [ R =

g P

appixaton whectrical 0169.3-AR
- e i s gl b - UL R e b, b
et g apo -
Rusrescent
e s s -cobe saed ey
—_— byt e ke clrag s
s o e w— SafTrace
- S Ty o4 2 Lamp TETSHO o T8
s
oS S S e e
o g i e sobvn g o
ot v o o ——
- Gyt e g s
. [y~
g e e e e e P
| Ganaesl Syt . ke sy e o o
-ty e b b e b
() [FamceTGr0 e8minit =] T e e T B L A R g
—_— - Gtepat et it e iy
Omowien [ETGZR0-17288 For e e L
tesh i ey
T - Pyt phicas
=, Srtnt
- v i g
N N e cowe e R e
Luminges Lument [a777 Emeency 3] o gk b o = e o e
i o e s s s s gen
3y Pt e W
P e et
4o g o o sy
Grean Chaiee: 15TG211-0-UNVA2-EBLHE-LPTRISHL
S
Ot

o

| statistics |

Project 1
Calc Pts

Foom_wiorkplane

lluminance (Fe)

bverage=44.73 Marimum=52.4
Minimum=27 8 Avg/Min=1.61
I aw/Min=2.24

LPD-UWLR Areas
LFDAEa_1

Area(SqFtj=143 Total‘Watta=110
L PD fw/atts/SqFt=0. 769

Small Office — Day-Brite 2x4

Area =143.00 SgfFt
Total Watts = 110

Lighting Pq

—_——

13.0 54.0 °

27.8
B1.5 " '

S 6—4578—55.9
1.6 5.9 |Be.o
B2.6 9.3 62.4

= 28.7

19.9

2.3

57,6

50.2

wer Density =0.765 Walls/Sglk

2.3

3.9
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[G

savings in
shaded areas.

30 fixtures at
55watts each
=1,650 — 30%
= 1,155 watts.
(495 watts
saved)

1
25% to 40%

Occupancy sensor opportunities
SELTTLE PARKE ¢ RECREATION B & - T
T
W. MARGINAL WAY CFFICE }:‘_._ |
I L O
-0 0gmg 0 00 0 0cfI
Iﬂi[l [ EmIE 00 .0 1
000 = = = |
0o [ | |
LR e | ]
Bonn mpopils === 1

[G

Daylit spaces... and the Badger

8 Lobby - good
- daylight potential

Small Office —
Open Office- good dayllg_ht
o . potential
limited daylight
potential e
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R, Daylight control opportunities

27% to 40% —
w/0 occupancy. | et

15 fixtures at

55 watts each =

825 watts —
30% =577
watts. (247
watts saved)

= T

r1 Combined control opportunities*

(51) 2 lamp pendants at 55

watts per fixture = 2805 watts
(32 watt T8 w/ electronic
ballast NBF)

(26) 2 lamp high performance
lensed™* at 55 watts per fixture
= 1430 watts (32 watt T8 w/ 1
electronic IS NBF ballast)

Total wattage = 4,235 — 742**
=3,493

Total square footage (approx.)
= 6,000

::”wer Density (LPD)

**Combined control wattage savings

*Note that office #6 has both

occupancy and daylight control zones. 120
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r Who we are:

The Lighting Design Lab is a Northwest
Utility funded lighting education facility
promoting commercial and industrial
energy conservation.

r Lighting Design Lab services

Product Evaluation
Mock-Up Facility
Website & Newsletter

= Regional Classes
= Demonstration Facility
= Lighting Consultation

www.lightingdesignlab.com 122
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