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Announcements

• How was the career fair?

• How is your Project Part (1) submission is going on?

• Past exams are posted  
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• How is the percentage of lighting in commercial buildings? 

2021 Annual Energy Outlook
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• From CBECS 2018:
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• From CBECS 2018:
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• From CBECS 2018:



Lighting Retrofit
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• Lighting bulb types:

https://www.viribright.com/lumen-output-comparing-led-vs-cfl-vs-incandescent-wattage/

https://www.viribright.com/lumen-output-comparing-led-vs-cfl-vs-incandescent-wattage/
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• Light tubes:

ballastshop
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• Light bulb shape and 
size chart:

https://www.bulbs.com/learning/shapesandsizes.aspx

https://www.bulbs.com/learning/shapesandsizes.aspx
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• Current LED installation and the projection:

DOE, 2022 Solid-State Lighting R&D Opportunities
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• Comparison between different light bulbs

https://integral-led.com/en/content/what-are-lumens & https://www.any-lamp.com/blog/lumen-and-lux

https://integral-led.com/en/content/what-are-lumens
https://www.any-lamp.com/blog/lumen-and-lux
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• Comparison between different light bulbs

https://www.viribright.com/lumen-output-comparing-led-vs-cfl-vs-incandescent-wattage/

Lumens LED (Watts) CFL (Watts) Incandescent (Watts)

400 to 500 6 to 7 8 to 12 40

650 to 850 7 to 10 13 to 18 60

1000 to 1400 12 to 13 18 to 22 75

1450 to 1700+ 14 to 20 23 to 30 100

2700+ 25 to 28 30 to 55 150

https://www.viribright.com/lumen-output-comparing-led-vs-cfl-vs-incandescent-wattage/
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• Comparison between lifespan

https://www.viribright.com/lumen-output-comparing-led-vs-cfl-vs-incandescent-wattage/

Incandescent CFL LED

Average life span 1,200 Hours 8,000 Hours 25,000 Hours

https://www.viribright.com/lumen-output-comparing-led-vs-cfl-vs-incandescent-wattage/
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• Lighting bulb standard took into effect in 2012 to provide:
q brighter, higher-wattage general service bulbs
q Light output of about 1,600 lumens for a typical 100-Watt 

incandescent bulb fell into the first stage

https://www.eia.gov/todayinenergy/detail.php?id=4150

https://www.eia.gov/todayinenergy/detail.php?id=4150
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• LED bulbs efficiency have improved significantly while their 
costs have decreased drastically

https://www.eia.gov/todayinenergy/detail.php?id=15471

https://www.eia.gov/todayinenergy/detail.php?id=15471
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• LED bulbs efficiency have improved significantly while their 
costs have decreased drastically

https://www.energy.gov/sites/prod/files/2015/06/f22/ssl_rd-plan_may2015_0.pdf

https://www.energy.gov/sites/prod/files/2015/06/f22/ssl_rd-plan_may2015_0.pdf
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• Current Lighting Standards:

q Efficiency (or efficacy) of incandescent lamps has increased only 
moderately

q A typical 60-Watt incandescent lamps produce only 16 lumens/Watt 
and has a lifetime of 1,000 hours on average while comparable:
§ Halogen incandescent lamp produce close to 20 lumens/Watt
§ Compact fluorescent lamp (CFL) provides 67 lumens/ Watt and 

has 10 times lifetime
§ Solid-state light-emitting diode (LED) lamps currently produce 83 

lumens/ Watt and are rated to last more than 30 times 

https://www.eia.gov/todayinenergy/detail.php?id=15471

https://www.eia.gov/todayinenergy/detail.php?id=15471
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• Efficient lighting retrofit considers:



Lighting Retrofit
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• Efficient lighting retrofit considers (From CBECS 2018):



Lighting Retrofit
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• For most general lighting upgrades, the best choices are:
q T8 (eight-eighths of an inch in diameter) or T5 (five-eighths of an inch in 

diameter) lamps

q The most efficient T8s are the high-performance type

q High-performance T8 lamps can be installed to replace T12 lamps

q T5 lamps are not a good retrofit option, unless fixtures are being replaced as 
well as lamps and ballasts

q The efficacy of T5s is similar to that of T8 lamps, but because they are 
smaller, they provide better optical control

q The most common length for T8 lamps is four feet, which makes it the 
cheapest and easiest length to buy and stock

q Eight-foot lamps are slightly more efficient, but they break more easily and 
can be difficult to transport
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• Compact Fluorescent Lamp (CFL)
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Lighting Retrofit
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• Maximize daylighting:



Lighting Retrofit
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• Fixture installation options are:
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• Occupancy sensor technologies are relatively inexpensive 
and cost effective:



Lighting Retrofit
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• Resources to find local policies and incentives:

http://www.dsireusa.org/

http://www.dsireusa.org/
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• For example, for IL, we can find the following resources:

http://www.dsireusa.org/

http://www.dsireusa.org/
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• For example, we can consider ComEd lighting retrofit 
incentives:

http://www.dsireusa.org/

http://www.dsireusa.org/
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• Replacing city lights 

http://chicagosmartlighting-chicago.opendata.arcgis.com/pages/program-background-and-benefits#sixteen

http://chicagosmartlighting-chicago.opendata.arcgis.com/pages/program-background-and-benefits
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• Spend 20 to 30 minutes to compare different lighting options:
q CFL, Fluorescent, LED
q Lumen
q Foot-Candle
q Wattage
q Sizes 
q Length 

• Complete this table: 
q https://docs.google.com/spreadsheets/d/14sF09IPNmiycBBCkLjfJTH

q9MfXONQ8RqfUBOE0EaSE/edit#gid=1517786264

https://docs.google.com/spreadsheets/d/14sF09IPNmiycBBCkLjfJTHq9MfXONQ8RqfUBOE0EaSE/edit
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Building Window Retrofit

• Window replacement in AM Hall:
§ Remove the old windows 
§ Build a temp wall within the spaces approximately 10-12 inch 

off the window/brick wall

36



Window Replacement
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Building Window Retrofit

• Window replacement in AM Hall:

38



Class Activity
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• Take a look at the documents for the window replacement of 
Alumni Memorial Hall building uploaded on Blackboard and 
summarize your findings

• Complete this table: 
q https://docs.google.com/spreadsheets/d/14sF09IPNmiycBBCkLjfJTH

q9MfXONQ8RqfUBOE0EaSE/edit#gid=1882682778

https://docs.google.com/spreadsheets/d/14sF09IPNmiycBBCkLjfJTHq9MfXONQ8RqfUBOE0EaSE/edit
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Thermostat Retrofit
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AERG Example
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https://buildingdata.energy.gov/cbrd/resource/17

https://buildingdata.energy.gov/cbrd/resource/17
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https://buildingdata.energy.gov/cbrd/resource/17

https://buildingdata.energy.gov/cbrd/resource/17
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https://buildingdata.energy.gov/cbrd/resource/17

https://buildingdata.energy.gov/cbrd/resource/17


AERG Example
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https://buildingdata.energy.gov/cbrd/resource/17

https://buildingdata.energy.gov/cbrd/resource/17


AERG Example
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https://buildingdata.energy.gov/cbrd/resource/17

https://buildingdata.energy.gov/cbrd/resource/17


AERG Example
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https://buildingdata.energy.gov/cbrd/resource/17

https://buildingdata.energy.gov/cbrd/resource/17


AERG Example
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https://buildingdata.energy.gov/cbrd/resource/17

https://buildingdata.energy.gov/cbrd/resource/17
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Economic analysis of energy retrofit of buildings, 2011

• An example of short payback period in Dayton Ohio:



Payback Period Examples
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• Building: Liberty Tower (Dayton, Ohio)
q 85-year-old 
q 114,000 ft2

• Three energy efficiency measures are: 
q Steam boiler replaced with vertical fire tube boilers
q Replace interior and exterior with LEDs
q Building control upgrade

https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/#6fd887e748f8 

https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/


Payback Period Examples

• Building: Liberty Tower (Dayton, Ohio)
qLEDs consume 60% less energy 
qAdd controls to dim or turn off the lights
qLED lights fail in a different way, so control may be an important 

factor in the light selection

53
https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/#6fd887e748f8 

https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/


Payback Period Examples

• Building: Liberty Tower (Dayton, Ohio)
qTotal cost: $870,000
qAnnual utility cost savings $99,000
qPayback period:

qThe project has received $70,000 in utility rebates, making the 
economic case more practical 

54
https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/#6fd887e748f8 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 =
870,000
99,000

= 8.8 𝑦𝑒𝑎𝑟𝑠

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 =
(870,000 − 70,000)

99,000
= 7.8 𝑦𝑒𝑎𝑟𝑠

https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/


Payback Period Examples

• Long payback period for building envelopes:
q It is hard to do a building envelope retrofit since owners only 

60% of the commercial floorspaces
qThey do not have a good payback period
qUsually there are different motivations to conduct a building 

envelope retrofit

55
https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/#6fd887e748f8 

https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/


Payback Period Examples

56

EEM Cost / Unit Cost Source

Occupancy Sensors $1.06/ft2 $     44,991 
RSMeans, "5 fixtures per 1000 S.F., including 

occupancy and time switching"

Condensing Boiler
$20,706 + 

$13.82/MBH
$     31,401 RSMeans, commercial gas boilers

Light Power Density 

Reduction 
$4.78/ft2 $   202,886 

RSMeans, "Fluorescent high-bay 4 lamp fixture, 

1W/sf,59FC, 4 fixtures per 1000 S.F."

Condensing Unit 

Replacement

$7,909 + 

$766/ton
$   132,687 

RSMeans, packaged air-cooled refrigerant 

compressor and condensor

Window Film 
$18.93/ft2 

glazing
$   182,311 

RSMeans, "Solar Films on Glass" average of 

min/max value

Wall Insulation
$4.78/ft2 wall 

area
$   927,930 

RSMeans, "4 in. EPS insulation, Commercial 

renovation Exterior Insulation and Finish System", 
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Energy Efficiency Measures Simple Payback 

Condensing Boiler 9.4

Occupancy Sensors 10.4

Light Power Density Reduction 32.4

Condensing Unit Replacement 41.2

Window Film 70.7

Wall Insulation 247.0

Dahlhausen, M. PSU 2014
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OpenStudio Measures

59http://nrel.github.io/OpenStudio-user-documentation/reference/parametric_studies/

http://nrel.github.io/OpenStudio-user-documentation/reference/parametric_studies/
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https://www.youtube.com/user/NRELOpenStudio/videos

How many of you have watched any videos related to OpenStudio?

https://www.youtube.com/user/NRELOpenStudio/videos
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http://nrel.github.io/OpenStudio-user-documentation/reference/parametric_studies/

• Useful links:
q https://www.youtube.com/watch?v=3rmElK_OB28

q https://www.youtube.com/watch?v=4g5nJzDoh58

q https://www.youtube.com/watch?v=9WgUhiJ785I

q https://www.youtube.com/watch?v=0llNfGNe5x0

http://nrel.github.io/OpenStudio-user-documentation/reference/parametric_studies/
https://www.youtube.com/watch?v=3rmElK_OB28
https://www.youtube.com/watch?v=4g5nJzDoh58
https://www.youtube.com/watch?v=9WgUhiJ785I
https://www.youtube.com/watch?v=0llNfGNe5x0
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