
ˆlight is a central theme throughout the building.  it’s a kind of 
lantern, a lantern of knowledge and circulation.˜  frederick fisher

sherrerd hall

princeton university
jamie devenger | the pennsylvania state university

ae senior thesis | lighting + electrical | 04.14.2010
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site and location

occupant

size

levels

design team

architect

lighting designer

mep engineer

structural engineer

curtain wall

construction manager

princeton university, new jersey

princeton orfe and citp departments

47,000 square feet

4 (3 above grade)

frederick fisher and partners

fisher marantz stone

joseph loring engineers

robert silman associates

w.j. higgins and associates

barr & barr, inc., builders

sherrerd hallbackground
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philosophy a building has a collage−like nature as an 

assemblage of use, 
material, and light 

ˆa bridge between social sciences 
and engineering,˜ frederick fisher



introductionoutline

background information

architectural concept

scope of redesign

introduction

lighting design

daylighting

mechanical loads

electrical design

conclusion

lighting design

daylighting

electrical design

mechanical loads

structural design

lobby | atrium | stair

façade and perimeter offices

lecture hall

open work space

graduate bullpen I

northwest perimeter offices

graduate bullpen I

atrium skylight

five spaces

copper versus aluminum feeders

on−site generator design

perimeter offices + atrium skylight

roof framing for atrium skylight

spring semester studiesdesign scope



introductionoutline

background information

architectural concept

scope of redesign

introduction

lighting design

daylighting

mechanical loads

electrical design

conclusion

lighting design

daylighting

electrical design

mechanical loads

structural design

lobby | atrium | stair

façade and perimeter offices

lecture hall

open work space

graduate bullpen I

northwest perimeter offices

graduate bullpen I

atrium skylight

five spaces

copper versus aluminum feeders
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general concepts

light as a metaphor for knowledge and openness

light filtered through transparent and  

translucent enclosures

light to simulate  movement and energy for circulation

lighting design



lighting design

introduction

lighting design

daylighting

mechanical loads

electrical design

conclusion

outline

general lighting concepts

lobby | atrium | stair

northwest façade

open work space
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architecture
3 story atrium

core admits light

transparent materials

vertical bridging

space use
main entrance

gathering space

lounge areas at each level

primary circulation path

primary open stair
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design goals

meet iesna recommendations and ashrae standard 90.1

enhance architecture and materials

reinforce building functions:

core pulses with energy and movement

transparency allows for interaction

ideas and light expand through he core

general lighting concepts

lobby | atrium | stair

northwest façade

open work space
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outline lobby | atrium | stairlighting design

design summary
enhance architecture and materials:  luminaires simple, 

orthogonal, concealed; backlighting of translucent panels 
and feature wall

transparency

energy and movement:  linear luminaires evoke movement in 
open stair

expansion:  wall and panel grazing evokes expansion

design summary
design meets iesna recommendations (see ps images)

+ 5 fc horizontal in corridor/stair

+ 10 fc horizontal in lobby

design meets ashrae 90.1 with tradable watts

general lighting concepts

lobby | atrium | stair

northwest façade

open work space

space type
power 

allowance (w)
design 
(w)

decorative 
(w)

energy 
code

lobby 1698.5 886.0 0 meets

corridor 3247.6 4357.0 0 exceeds

stairs−active 501.0 751.5 192.5 exceeds

atrium 694.7 441.0 0 meets
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general lighting concepts

lobby | atrium | stair

northwest façade

open work space

northwest façadelighting design

design goals

meet iesna recommendations and ashrae standard 90.1

enhance architecture and materials

consider interior surface luminance and distribution

reinforce department ideals:

constantly evolving aesthetic

bi−directional transmission of light and ideas

building pulses with energy and movement
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outline

general lighting concepts

lobby | atrium | stair

northwest façade

open work space

northwest façadelighting design

design summary
enhance architecture and materials:  backlighting of 
translucent panels to create glow

consider interior luminance and distribution: office lighting 
illuminates ceiling and top of walls

transparency:  backlighting people /objects at first level

energy and movement:  random panel illumination evokes 
movement, drama, and excitement

space type
power 

allowance (w)
design 
(w)

decorative 
(w)

energy 
code

office−
enclosed

5337.1 5273.3 0 meets

design summary
design meets iesna recommendations (see ps images)

design meets ashrae 90.1

space type calculation criteria (fc) design (fc) iesna

private
office

hor. 2.5’ 30 29.66 meets
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lobby | atrium | stair

northwest façade

open work space

open work spacelighting design

architecture
transparency to building core

open and flexible

space use
lounge

academic

lectures

study sessions

entertaining

department events
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outline open work spacelighting design

design goals

meet iesna recommendations and ashrae standard 90.1

enhance architecture and material properties

provide a flexible solution

evoke flynn public and relaxation impressions

general lighting concepts

lobby | atrium | stair

northwest façade

open work space

public

relaxation
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outline open work spacelighting design public impression

general lighting concepts
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outline open work spacelighting design

(1) F28T5 recessed, lensed downlight

public impression
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(1) F28T5 recessed, lensed downlight
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(1) F28T5 recessed, lensed downlight
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(1) F28T5 recessed, lensed downlight

(1) 42W PL−T CFL recessed downlight
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public impression
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outline open work spacelighting design relaxation impression

(1) 42W PL−T CFL recessed downlight
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outline open work spacelighting design relaxation impression

(1) 42W PL−T CFL recessed downlight

(1) 42W PL−T CFL recessed wallwasher
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outline open work spacelighting design relaxation impression

(1) 42W PL−T CFL recessed downlight

(1) 42W PL−T CFL recessed wallwasher

(1) 50W PAR 36 halogen spotlight
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outline open work spacelighting design relaxation impression

(1) 42W PL−T CFL recessed downlight
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outline open work spacelighting design relaxation impression

(1) 42W PL−T CFL recessed downlight

(1) 42W PL−T CFL recessed wallwasher

(1) 50W PAR 36 halogen spotlight

(1)  20W MR−11 halogen spotlight

led slot−mounted grazing

general lighting concepts
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northwest façade

open work space
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outline open work spacelighting design public impression
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outline open work spacelighting design public impression

1. 4’ linear fluorescent

2.  led wall grazing

3. cfl downlights

4. halogen spotlights

5. corkboard lighting

general lighting concepts
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open work space
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outline open work spacelighting design relaxation impression

1. 4’ linear fluorescent

2.  led wall grazing

3. cfl downlights

4. halogen spotlights

5. corkboard lighting

general lighting concepts
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outline open work spacelighting design public impression

1. 4’ linear fluorescent

2.  led wall grazing
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outline open work spacelighting design

general lighting concepts

lobby | atrium | stair

northwest façade

open work space

design summary
enhance architecture and materials:  luminaires all 

contained in ceiling plane; shadowing with feature wall

flexible solution: digital control system allows for quick 
recall of two design solutions; on/off/dim of each zone 
provides additional flexibility

public impression:  diffuse, overhead lighting with higher 
light levels

relaxation impression:  soft pools of light, peripheral 
emphasis, lower light levels

space type
power 

allowance (w)
design 
(w)

decorative 
(w)

energy 
code

class/lecture
/training

1243.2 1442 92.6 exceeds

design summary
design meets iesna recommendations

design meets ashrae 90.1 with tradable watts

space type calculation criteria (fc) design (fc) iesna

gen class hor. 2.5’ 30 35 meets

gen class vertical 50 45 under
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objectives
1. improve quality of daylight delivery system by 
modifying the curtainwall system

2. provide a closed loop proportional daylight responsive 
dimming system to save energy throughout the year

specifics
location:  princeton, new jersey

latitude:  40.37

Longitude:  74.67

electric lighting:  indirect−direct pendant (T5−2900 LM)

target illuminance:  30 fc

typical 2nd and 3rd

floor office (some 
are double size) with 
electric lighting
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introduction

lighting design

daylighting

mechanical loads
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existing curtainwall system
combination of opaque, translucent, and fritted spandrel 
panels:

black:  opaque panel

grey:  translucent panel
yellow:  fritted panel, glass visible t = 0.70

modified curtainwall system improves quality
30 translucent panels replaced with fritted to  increase 
views and reduce glare from glowing translucent panels.
yellow:  fritted panel, glass visible t = 0.64, eff t = 0.62

(ppg solarban 70XL to improve thermal performance)
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introduction

lighting design

daylighting

mechanical loads

electrical design

conclusion

direct solar penetration studies
december 21

no problem with direct sun in the winter:  sun is below 
the horizon by the time it comes back around the 
building to face the northwest façade
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northwest perimeter officesdaylighting

introduction

lighting design

daylighting

mechanical loads

electrical design
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direct solar penetration studies
march 21

direct sun is a problem from 3:30 to 5:30 PM.

a shade must be provided to prevent direct glare:

thermoveil white 1301
visible t = 0.11, openness factor = 0.06
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northwest perimeter officesdaylighting
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lighting design
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electrical design

conclusion

direct solar penetration studies
june 21

direct sun is a problem from 3:30 to 6:30 PM.

a shade must be provided to prevent direct glare:

thermoveil white 1301
visible t = 0.11, openness factor = 0.06
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control system
closed loop proportional dimming system

photosensor on ceiling in center of room

total energy savings over scope of redesign
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space
base load 

(kwh)
energy 

savings (kwh)
percent 
savings

graduate bullpen i 1008.30 517.05 51.28%

nw offices all clear 1931.92 1534.05 79.41%

nw offices top diffuse 1655.94 1158.42 70.0%

nw offices bottom diffuse 2483.91 1961.37 78.96%

total scope of redesign 7080.08 5170.89 73.03%
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quality:  threshold < 350 lux quality:  threshold > 4500 lux
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introduction

lighting design

daylighting

mechanical loads

electrical design

conclusion

northwest curtainwall system

southwest curtainwall system

atrium skylight

summary loads

objectives
1. improve quality of daylight delivery system by replacing 
30 translucent spandrel panels with fritted panels

2. minimize the thermal impact of curtainwall modifications

panel thermal properties

existing northwest curtainwall

proposed northwest curtainwall

material
u−value 

(btu/hr−ft2−deg f)
shading 

coefficient

opaque panel (black) 0.1 n/a

translucent panel (grey) 0.25 0.2

fritted panel (yellow) 0.32 0.47
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introduction

lighting design

daylighting

mechanical loads

electrical design

conclusion

northwest curtainwall system

southwest curtainwall system

atrium skylight

summary loads

transparent glass material for fritted panel
fritted panels show reduced thermal performance 

consider replacing glass in fritted panels with ppg solarban 
70XL, thermal properties shown below

material
u−value 

(btu/hr−ft2−deg f)
shading 

coefficient

opaque panel (black) 0.1 n/a

translucent panel (grey) 0.25 0.2

fritted panel (yellow) 0.32 0.47

ppg solarban 70XL 0.27 0.32

existing northwest curtainwall

proposed northwest curtainwall
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lighting design

daylighting

mechanical loads

electrical design

conclusion

northwest curtainwall system

southwest curtainwall system

atrium skylight

summary loads

objectives
1. improve quality of daylight delivery system by replacing 
2 opaque spandrel panels with fritted panels

2. minimize the thermal impact of curtainwall modifications

panel thermal properties

existing southwest curtainwall at grad bpi

proposed southwest curtainwall at grad bpi

material
u−value 

(btu/hr−ft2−deg f)
shading 

coefficient

opaque panel (green) 0.1 n/a

fritted panel (blue) 0.32 0.47
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northwest curtainwall system

southwest curtainwall system

atrium skylight

summary loads

transparent glass material for fritted panel
fritted panels show reduced thermal performance 

consider replacing glass in fritted panels with ppg solarban 
70XL, thermal properties shown below

material
u−value 

(btu/hr−ft2−deg f)
shading 

coefficient

opaque panel (green) 0.1 n/a

fritted panel (blue) 0.32 0.47

ppg solarban 70XL 0.27 0.32

existing southwest curtainwall at grad bpi

proposed southwest curtainwall at grad bpi
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introduction

lighting design
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electrical design

conclusion

northwest curtainwall system

southwest curtainwall system

atrium skylight

summary loads

objectives
1. improve quality of daylight delivery system by nearly 
doubling skylight width in atrium

2. determine the thermal impact of this resizing

skylight width increased from 6’−4˜ to 11’−6˜

roof/skylight thermal properties
material

u−value 
(btu/hr−ft2−deg f)

shading 
coefficient

roof 0.042 n/a

skylight−laminated vision 0.34 0.65

original skylight

resized skylight
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introduction

lighting design

daylighting

mechanical loads

electrical design

conclusion

northwest curtainwall system

southwest curtainwall system

atrium skylight

summary loads

total cooling/heating loads and energy

*note:  new ppg glass type is only applied to curtainwall

alternative
cooling load 

(mbh)
heating load 

(mbh)
energy (kwh)

steam 
(therms)

existing 288.7 − 159.3 − 142,985 − 813 −

panel/skylight 
reconfiguration

339 17.4% 175.3 10.0% 148,119 3.6% 1,281 57.6%

panel/skylight 
reconfiguration 
with new glass

277.6 −3.8% 153.8 −3.5% 141,818 −0.8% 661 −18.7%
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northwest curtainwall system

southwest curtainwall system

atrium skylight

summary loads

total combined thermal and daylight savings

design
base load 

(kwh)
percent 
savings

(1) existing condition 150,065 −

(2) new panel configuration 
and daylight controls

150,028 0.02%

(3) new panel configuration, 
ppg glass, and daylight 

controls
143,727 4.22%

140,000

145,000

150,000

155,000

1 2 3

energy (kwh) for lighting and hvac

energy (kwh) for 
lighting and hvac
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objectives
1. consider the performance related impact of changing the 
electrical feeders from copper to aluminum

2. consider the economic impact of resizing the electrical 
feeders to meet nec requirements

3. consider the economic impact of changing the electrical 
feeders from copper to aluminum

current versus proposed materials
current system is stranded copper thhn conductors in emt

proposed system is stranded aluminum thhn conductors in emt
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copper vs. aluminum feederselectrical

introduction

lighting design

daylighting

mechanical loads

electrical design

conclusion

performance related considerations
+ conventional opinions

+ historical background

+ product cost

+ material weight

+ connections

+ aluminum applications today

+ newer aluminum products

+ proper installation
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comparative costs for each alternative
*costs based on rs means 2010 data for conductor and 
conduit pricing, including overhead and profit

aluminum feeders are recommended

cost reduction from nec resizing also notable

design total cost
cost reduction 
from existing

percent 
reduction

existing copper $47,675 − −

resized copper $43,410 $4,265 8.95%

aluminum $39,889 $7,786 16.33%

$34,000

$36,000

$38,000

$40,000

$42,000

$44,000

$46,000

$48,000

$50,000

existing 
copper

nec resized 
copper

aluminum

total cost

total cost
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summary outcomeconclusion

introduction

lighting design

daylighting

mechanical loads

electrical design

conclusion

lighting design

daylighting

mechanical loads

electrical design

overall

designs evoke transparency, energy, 
and expansion of ideas

designs comply with iesna and ashrae

modified skylight/curtainwall improve 
quality of daylighting

daylight control systems allow for 
73% energy savings 

modified panels allow for reduced 
thermal loads

5% combined lighting/hvac energy 

16.33% cost savings with al feeders

designs successfully improve 
aesthetics and performance
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ˆlight is a central theme throughout the building.  it’s a kind of 
lantern, a lantern of knowledge and circulation.˜  frederick fisher

question and answer session


