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« College of William & Mary

* Williamsburg, Virginia

« Upgrading departments of Chemistry,
Biology, and Psychology

« Intent to become national leader in
research and teaching facilities in
these departments
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* Project Overview
« Client information, building information, cost & schedule
Overall Theme — Energy Saving Options * Gilbane serves as CM at risk
+ Problem statem.ent & goal " « 2 phase project
Energy Conservation through Retrofitting IsC

« Research, applying to Rogers Hall, lamp and energy comparison, * Expansion size: 116,426 sf L
construction impacts Renovation size: 42,340 sf -
. i ighti ROGERS Pt i g Rogers
o eeisiien Gff DEy g . « Expansion floors: 3 occupied stories P e
- Lighting layouts, energy comparison, construction impacts '

plus mechanical penthouse above o

= Solar Heat Gain and Cooling Load Reduction grade and one story vivarium 4 ' 2
« Logistics, cooling load comparison, construction impacts below grade Phase | Phase I ¢ o S
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« Broke ground
June 2006

« 3 year project

« Total project cost:
$34.5 million
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Problem Statement

Would incorporating energy saving techniques into the Integrated Science
Center project be a worthwhile investment for the owner?

Goal

Analyze the economical and construction impacts of integrating energy
efficient designs in the project

Construction Management

4/14/09




Presentation Outline

4/20/2009

Project Overview

« Client information, building information, cost & schedule
Overall Theme — Energy Saving Options

« Problem statement & goal
Energy Conservation through Retrofitting

« Research, applying to Rogers Hall, lamp and energy comparison,

construction impacts

Implementation of Daylighting

- Lighting layouts, energy comparison, construction impacts
Solar Heat Gain and Cooling Load Reduction

« Logistics, cooling load comparison, construction impacts
Recommendations & Lessons Learned
Questions

Meghan Graber

Energy Conservation through Retrofitting

Critical Industry Research Issue
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With today’s technology, we know how to retrofit existing
buildings to reduce their energy consumption by well over 50%

An investment in retrofit has 3 basic features:
1. It is cost intensive upfront
2. It pays off slowly and moderately
3. Its benefits are certain
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« Client information, building information, cost & schedule
+ Overall Theme — Energy Saving Options

« Problem statement & goal

« Energy Conservation through Retrofitting Existing Rogers Hall Proposed Devices
« Research, applying to Rogers Hall, lamp and energy comparison, . .
construction impacts 34W T12 lamps 32W T8 lamps
= Implementation of Daylighting + Magnetic Ballasts « Electronic Ballasts

« Lighting layouts, energy comparison, construction impacts
+ Solar Heat Gain and Cooling Load Reduction

« Logistics, cooling load comparison, construction impacts
+ Recommendations & Lessons Learned
* Questions
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Project Overview
« Client information, building information, cost & schedule

* Overall Theme — Energy Saving Options « Energy Savings Existing Proposed
« Probl tat it & goal N " 34WF34T12 32WF32T8
roviem statement & e . * Better coloring rendering W/ Magnetic Ballast | W/ Electronic Ballast
* Energy Conservation through Retrofitting + More output and longer length of life (0.8 Ballast Factor) (0.88 Ballast Factor)
« Research, applying to Rogers Hall, lamp and energy comparison, o @esllraraEir
construction impacts
o @ i Rated Lamp Wattage N 2w
+ Implementation of Daylighting ?”:‘e'."ﬁe?"‘.’" ActualEnergy Use 7w BW
« Lighting layouts, energy comparison, construction impacts 8 t}”e'g 8 ?5'5" . Effective Lumens 2,332 2,640
« Solar Heat Gain and Cooling Load Reduction + Noflicker during start-up or operation Lumens per Watt 63.0 /W 943L/W
« Logistics, cooling load comparison, construction impacts Rated Life 20,000 hrs. 24,000 hrs.

Recommendations & Lessons Learned
Questions
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Presentation O e 8 Fea es and Operating aracte ergy Co ompariso
Number of Operation | Electric Rate | Energy Cost
Fixture Type Fixtures | WAS/FIRUTE | o opay | ($/year)
+ Project Overview 472 Lamp 3AWF34TI2
« Client information, building information, cost & schedule w/magnetic ballast 284 82 12 731 $7,456.31
+ Overall Theme — Energy Saving Options « Energy Savings (08 ballas factor)
+ Problem statement & goal i ; REICErEZE
& B . « Better coloring rendering welectric ballast (0.88 284 55 12 731 $5,001.18
« Energy Conservation through Retrofitting + More output and longer length of life ballast factor)
. Research, applying to Rogers Hall, lamp and energy comparison, o @shyEeETar BYEEE
construction impacts ) - 7
IMEEES « Quieter operation oSS
* Implementation of Daylighting Lightweight desi w/magnetic ballast 361 164 12 731 $18,955.82
- Lighting layouts, energy comparison, construction impacts O I3 i Gl , (0.88 ballast factor)
« Solar Heat Gain and Cooling Load Reduction + No flicker during start-up or operation 44 Lamp F32T8
- Logistics, cooling load comparison, construction impacts Wle';::{;:’zzzﬁ:o’“ 361 107 12 731 $12,367.52
+ Recommendations & Lessons Learned
* Questions Savings Per Year | ( $9,043.43
eg be 0 0 anageme 4/14/09
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« Project Overview

Materials Cost
« Client information, building information, cost & schedule

. = i i - ] Cases
Ol iEme = sy S iy e e e CUEnEly || G | iy || CEfER || G= « One electrician can change 10 indoor fluorescent ballasts in
o el i O el " F03278/800XP 2012 30 74+ 5240.60 | $17,804.00 one, eight hour work day
« Energy Conservation through Retrofitting Ballasts
. i i QHE 2X32TB/UNV ISN-5C 284 10 29 $191.70 | 555930 )
ResearchiapplylnsjtolRogesiHallllamplandleneray/comparisony QHE 4X32T8/UNV ISN-5C 361 10 37 $302.80 | $11,203.60 « 13 work days for a crew of 5 labors to replace 645 ballasts in
construction impacts D Rogers Hall
« Implementation of Daylighting
. S:;IaL;g}-’i‘;I:f E::J:"‘;Q;ri{i;OTZ:?;;HT‘;?Z:WM (HEEE kil Gosic + Could be done simu_ltango_usly with other construction
o : Ehe . $32.63/ballast x 645 ballasts = $21,044.13 processes and building finishes taking place
« Logistics, cooling load comparison, construction impacts
© (NBEHMETEEIAS (eesas ermad) Materials and Installation Cost = $55,612

* Questions
Meghan Graber Construction Management 4/14/09
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Invest $55,612 for material and installation costs
Conserve 123,713 kW a year
Energy cost savings of over $9,000 a year
Annual savings of 34.2%

Pay itself off in 6.15 years

Construction Management

Existing Proposed
34WF34T12 32WF32T8
W/ Magnetic Ballast | W/ Electronic Difference
(0.8 Ballast Factor) | Ballast (0.88 Ballast
Factor)

Initial Material Cost and Installation S0 $55,612 +$55,612
‘Annual Energy Use 361,315 kW 237,602 kW 123713W
Annual Energy Costs $26,412.13 $17,368.70 -$9,043.43
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Implementation of Daylighting

“Daylighting helps to provide an interior work environment

that stimulates creativity and discovery” - Labs21

Construction Management

4/14/09




Presentation Outline

Designed Lab Lighting Plan

Proposed Lab Lighting Plan

4/20/2009

Project Overview

« Client information, building information, cost & schedule
Overall Theme — Energy Saving Options

« Problem statement & goal
Energy Conservation through Retrofitting

. Research,_applying to Rogers Hall, lamp and energy comparison,

construction impacts

Implementation of Daylighting

« Lighting layouts, energy comparison, construction impacts
Solar Heat Gain and Cooling Load Reduction

« Logistics, cooling load comparison, construction impacts
Recommendations & Lessons Learned
Questions

Meghan Graber

T ==} 1
ab b

o] m
ab b

Construction Management

Room size:
31'-0"x 290"

Windows:
(3) 7-0" x #-0" double pane

windows

Light fixtures:
15 cable-mounted light fixtures
each requiring (2) T8 lamps

4/14/09
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Illuminance Levels
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Work plane:
3-0” (lab station height)
Goal llluminance:
80 footcandles
(specifications)
Sky type:
cloudy (conservative
model)
Date:
September 22, 2009
(autumnal equinox)
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Number of Fixtures On

Propose:

- Sensors

Number of Fixtures On
Designed - No Sensors.

Difference

0
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* Project Overview

« Client information, building information, cost & schedule pispesedSensor]) [oeslized:roscnson] fokiernce
+ Overall Theme — Energy Saving Options Number of Fixtures On/day 135 180 -5
+ Problem statem.ent & goal " ‘Actual Energy Use/Fixture 55W 55W B
 Energy Conservation through Retrofitting. Total Wattage/Room 7,025W 9,900 W 2,475 W
. Research,} applying to Rogers. Hall, lamp and energy comparison, Cents /kw 731 731 -
construction impacts Energy Cost/Room $0.54 $0.72 -50.18
« Implementation of Daylighting Number of Rooms' 33 33 -
- Lighting layouts, energy comparison, construction impacts Electric Cost/day 51791 $23.88 $5.97
« Solar Heat Gain and Cooling Load Reduction e NI e (bt 200 200
o N N P Cloudy or Nicer Days/year -
« Logistics, cooling load comparison, construction impacts o . e
" Estimated Annual
+ Recommendations & Lessons Learned Floctritty Costs $3,743.47 $4,991.29 -$1,247.82

Questions
Meghan Graber Construction Management 4/14/09

Presentation Outline ction Cost Schedule Impacts

* Project Overview T
« Client information, building information, cost & schedule

* Overall Theme — Energy Saving Options Q- 1
« Problem statement & goal * 2 sensors per lab space s « Design phase most impacted
« Energy Conservation through Retrofitting —
« Research, applying to Rogers Hall, lamp and energy comparison, - 66 sensors total . -
e e Sensors readily available through a manufacturer
. Imp!e"!e"tatmn of Dayllghtm.g L '.5150 pgr se.nsor * No delay or extra time to construction schedule
« Lighting layouts, energy comparison, construction impacts (installation included) -

Solar Heat Gain and Cooling Load Reduction

« Logistics, cooling load comparison, construction impacts : .
Recommendations & Lessons Learned Materials and Installation Cost = $9,900
* Questions

Meghan Graber Construction Management 4/14/09
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Invest $9,900 for material and installation costs
Conserve 204,841 kW a year
25% energy reduction
Energy cost savings of $1,248 a year

Pay itself off in 7.9 years

Construction Management

igned:

Proposed:

Desi
Difference
No Sensors Sensors
‘Annual Energy Use 819,364 kW 614,523 kW 204,881 kW,
Annual Energy Costs $26,412.13 $17,368.70 -$9,043.43
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Solar Heat Gain and
Cooling Load Reduction
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The small offices facing the south each contain one large
window which results in significant heat gain and glare caused
by sunlight streaming into the building

« Office size:
12'-6" x 10"-0”
+ Ceiling Height:
90"
+ Windows:
(1) 5"-0” x 6"-0” double pane

windws I I

Construction Management

Summer Solstice = 76.2'

4/14/09

auinoxes = 52.7°

Winter Solstice = 29.2°

Minimum overhang length = ' 5-1/2”

GuaBt0/1)

-
Prese O e Proposed - Window with | Deslgned ~Window peiency
Clale shade Device without Shade Device C2fin)
Tam 0 ET)
2am 31680 316
A 78 78
256 256
° REE@ERiEy ) Original intent was to calculate the annual cooling loads for the two window s s 20
+ Client information, building information, cost & schedule designs and then determine the energy cost savings per year 7AM o1 09, 710
 Overall Theme - Energy Saving Options ::: :7::7 o iﬂllﬂgs 1::;
+ Problem statement & goal The Cooling Load Temperature Difference/ Solar Cooling Load/ Cooling Load 10AM 146297 1552, 8
« Energy Conservation through Retrofitting Factor Method was used to calculate the cooling loads manually 558.4 Btu/hr L (m) 1958, =
+ Research, applying to Rogers Hall, lamp and energy comparison, reductioniinpeak oo FTTD) T8
construction impacts The Cooling and Heating Load Calculation Manual Second Edition (1992) by cooling load 164555 =
« Implementation of Daylighting Faye McQuiston and Jeffery Spitler contained SCL tables for one month, July. el 20 22
= ) - According to this source, supplementary tabular data would have to be ) =L — -
« Lighting layouts, energy comparison, construction impacts generated for other months. 9.6% reduction s o =
« Solar Heat Gain and Cooling Load Reduction 7 2050 2720 530
o " > S Sa757 £
+ Logistics, cooling load comparison, construction impacts Afootnote below the SCL table says that the “data will suffice for about 2 5 S2080 S2080
* Recommendations & Lessons Learned weeks from the 21* day of the given month.” 100w P ]
oM 550 a05.60
* Questions ZAm 367.20 367.20
Meghan Graber Construction Management 4/14/09 i 2333280 Btu
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Cost
« Directly related to the size and type of overhang desired
« A single overhang could run around $100

Schedule
« No impact on construction schedule
« Only 22 windows
« construction occurring at same time as interior renovation

Construction Management 4/14/09
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Cooling load reduced 49,481 Btu on July 21st
692,731 Btu'’s saved over 2 weeks
9.6% energy reduction
Energy cost savings of $8.44 in 2 weeks

Resulted in a lower peak cooling load

Construction Management 4/14/09

12



4/20/2009

Presentation Outline Recommendations

* Project Overview

« Client information, building information, cost & schedule
Overall Theme — Energy Saving Options

0 (el i 8 el Replacement of lamps and ballasts in Rogers Hall
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Analyzed energy saving techniques:

Incorporation of light level sensors in laboratory spaced

Encourage the owner to make future capital investment decisions based
on the life cycle cost savings
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Penn State AE Faculty
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College of William and Mary

Industry members from PACE who inspired my research topics

All my family and friends

My fellow AE students
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