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Goals & Topics of Discussion
• Why are present-day buildings performing similarly to early 

1900’s buildings?
– Energy code and how it evolved to allow this to happen
– High-rise commercial building glass exteriors

• Do we have to design with mostly glass assemblies?
– Case study showing differences between recladding in fully-glazed 

systems vs. partially-glazed systems (40% WWR)



Agenda
1. Benchmarking 
2. Energy Code
3. High-Rise Commercial Repositioning
4. Case Study: One South Wacker, Chicago, IL
5. Conclusions
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Benchmarking



Benchmarking

Source: www.energystar.gov



Benchmarking

Source: U.S. Energy Information Administration: Annual Energy Review 2011 & State Energy Data System



Benchmarking



Benchmarking

Per Ordinance:
"Benchmark" means to track and input a building's energy 
consumption data and other relevant building information for 
twelve consecutive months, as required by the benchmarking tool, 
to quantify the building's energy use.



Benchmarking

Mayor Rahm Emanuel
• “Do you check the mileage before you 

purchase a car? Do you check the 
energy-efficiency of a utility before you 
purchase it? Do you do comparative? 
What is wrong with providing people 
information?”

• “Good data drives markets and 
innovation.”



Benchmarking

Source: Sustainable Chicago 2015; City of Chicago, September 2012



Benchmarking
Per Ordinance:
• "Benchmarking tool" 

means the website-based 
software, commonly 
known as "ENERGY STAR 
Portfolio Manager," 
developed and maintained 
by the U.S. EPA to track 
and assess the relative 
energy use of buildings 
nationwide.



Benchmarking



Benchmarking Site EUI



Benchmarking

ENERGY USE INTENSITY (EUI): 
The amount of annual energy consumption per square foot of a 
building (kBtu/sf-yr). This allows comparisons of energy performance 
across many different categories & sizes of buildings.

Source: Building Performance Database - https://bpd.lbl.gov

Office Buildings in Chicago:
Typical 
Office

EUI (kBTU/sf-yr)

Co
un

t



Benchmarking
Analysis:
• Chicago, IL
• 2016 Data
• Commercial – Office
• GSF > 1 mil. SF (High-Rise)



Benchmarking
Sorted by Year Built

1902-1934 81.7

1969-1979 87.9

Year Built Average EUI

1980-1992 64.6

2001-2010 78.2



Benchmarking
= Majority Opaque Exterior

1902-1934 81.7

1969-1979 87.9

Year Built Average EUI

1980-1992 64.6

2001-2010 78.2

= Majority Glazed Exterior
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Energy Code



• Energy crisis of 1973: ASHRAE president Robert R. Kirkwood 
“Optimum Energy Utilization Through Technology”

• February 1974: ASHRAE winter meeting in LA, National Bureau of Standards 
presented the idea of a building energy standard (Standard 90P) to 200 
ASHRAE participants, and ASHRAE took over

• January 14, 1975: ASHRAE Standard 90-1975 issued
• ASHRAE 2004 edition: Appendix G (Energy Modeling) was added

Source: https://en.wikipedia.org/wiki/ASHRAE_90.1#History_and_development

Energy Code: History of ASHRAE



0

10

20

30

40

50

60

70

80

90

100

1902-1934 1969-1979 1980-1992 2001-2010

Av
er

ag
e 

EU
I

(k
Bt

u/
sf

-y
r)

Year Built

2004: 
Appendix G added

Energy Code: History of ASHRAE

81.7
87.9

64.6

78.2

1975: 
ASHRAE Standard 

first issued

THE FUTURE?



IECC OR ASHRAE 90.1

Energy Code: Paths



Energy Code: Paths

Prescriptive Envelope Trade-offOR Prescriptive Envelope Trade-offOR Performance OR

Section 11 Appendix GOR

Energy Cost 
Budget Method 

(ECB)

Performance 
Rating Method

(PRM)

COMcheckCOMcheck



Source: Energy Code Impacts on the Design Process, Allison McSherry, Klein & Hoffman

Energy Code: Prescriptive



Prescriptive envelope requirements
by climate zone

Energy Code: Prescriptive



Performance path (energy modeling):
• Different Purposes: Design assistance, general 

energy savings, code/LEED Compliance
• Test Energy Conservations Measures (ECMs): 

envelope, insulation, glazing, HVAC, controls

Energy Code - Performance



Most common reasons to perform an 
energy model rather than use the 
prescriptive path:

• High WWR
IECC requires ≤ 30% WWR
ASHRAE 90.1 requires ≤ 40% WWR

• ‘Transparent’ single pane glass 
> U-value requirements

• Tradeoffs (envelope, lighting, HVAC)

Energy Code - Performance

U-0.42
40% WWR
Code HVAC

U-1.0
100% WWR
Efficient HVAC



• “Trade-Off:” 
Envelope vs Mechanical System

• Is it a “fair-trade?”
• Energy is not the only thing that 

matters! 
– Aesthetics
– Cost
– Views
– Usable SF
– Daylight & visual comfort
– Thermal comfort
– Condensation potential & moisture issues

Energy Code

U-0.42
40% WWR
Code HVAC

U-1.0
100% WWR
Efficient HVAC
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High-Rise 
Commercial Repositioning



High-Rise Commercial Repositioning
• Mid-Century Modern and 

Post-Modern High Rises 
(1950 – 1990)



High-Rise Commercial Repositioning
• Curtain wall and window wall 

service life
– Open joints at split-mullion and 

stack joints 
– Deteriorated seals at sills/jambs
– Deteriorated sealants and gaskets
– Deteriorated IGU seals and spacer 

bars

• Older glazing technology vs. 
present-day design loads



1095 Avenue of the Americas
New York, NY

High-Rise Commercial Repositioning

1974 2009



5 Manhattan West
New York, NY

High-Rise Commercial Repositioning

1969 2017



Anthony J. Celebrezze Federal Building
Cleveland, OH

High-Rise Commercial Repositioning

1966 2014



Unitized Curtain Wall 
Advantages:
-Aesthetics
-Installation
-Cost

High-Rise Commercial Repositioning



High-Rise Commercial Repositioning

EAG: https://www.eag.uk.com

Easi Set: https://easiset.com/

Insulated Opaque 
Wall Advantages:
-Performance
-Durability
-Installation
-Cost

Island Exterior Fabricators: https://islanddef.com



High-Rise Commercial Repositioning

Island Exterior Fabricators: https://islanddef.com



High-Rise Commercial Repositioning

Fully-Glazed Exterior Punched Openings w/ Opaque Walls

Aesthetics 

Cost  *
Energy Performance 

Occupant Comfort 

Views *



Views?

High-Rise Commercial Repositioning



Usable Square Footage
-Chicago Commercial Office 
Real-Estate = $140 / SF

-Perimeter Baseboard 
Systems: (180’x180’ footprint) 
= 576 SF per Floor

-Potential SF value: 
$140/SF x 576 SF x 40 Floors = 
$3,225,600.00

High-Rise Commercial Repositioning
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Case Study



Case Study: One South Wacker, Chicago, IL



• Data from Chicago Energy Benchmarking Ordinance shows 
One South Wacker at an EUI of 49.2 kBtu/sf-yr

• It’s already doing pretty well (relatively), but why not be 
better? Improvements can be made to optimize for energy, 
as well as comfort, etc.

Case Study - Existing

Source: Building Performance Database - https://bpd.lbl.gov

Office Buildings in Chicago:

Typical 
Office

EUI (kBTU/sf-yr)

Co
un

t

One South 
Wacker

49 74



Energy Analysis:
1) Existing building
2) Re-Clad: Fully-Glazed Curtain Wall System
3) Re-Clad: 40% Glazed with Opaque Wall Assemblies

Case Study: One South Wacker, Chicago, IL



Case Study - Existing

North West East South



• Wall assembly: Overall R-5.2
• Glazing: U-0.68, SHGC 0.47
• WWR: Overall 45% 

(20-65% depending on orientation & floor)
• Mechanical systems: 

VAV w/Electric Reheat + Unit Heaters

Case Study - Existing

N

W

S

E



Case Study - Existing

VISION GLASS
-Insulated Glass Unit 
(IGU), Tinted

SPANDREL GLASS
-Single Pane Glazing, Tinted
-Rigid Insulation
-Gyp. Board on Metal Stud 
Framing above Slab



Case Study – Fully-Glazed

Existing Re-Clad with Fully-Glazed System



Case Study – 40% Glazed with Opaque Walls

Existing Re-Clad with Unitized Opaque Panels



Case Study – 40% Glazed with Opaque Walls

= Fully-Glazed Areas
= Unitized-Opaque Wall with Windows (20%)



Case Study – 40% Glazed with Opaque Walls

= Fully-Glazed Areas
= Unitized-Opaque Wall with Windows (20%)



Case Study – 40% Glazed with Opaque Walls

Window-to-Wall 
Ratio: 39.54%



Case Study – Comparison Options



Case Study – Energy
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Case Study – Energy
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Case Study – Other Considerations

Other considerations:

• Reduced loads 
-> reduced HVAC system needs 
-> increased usable SF

• Thermal comfort + usable SF

• Visual comfort

• Views

• Aesthetics
 -
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Case Study – Reduced Loads
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Reduced loads -> reduced HVAC system needs -> increased usable SF

Reduction in LOADS 
lead to reductions in 

SYSTEMS size and 
ENERGY use

Smaller demands are 
easier to satisfy with 
ENERGY produced on 

site

Interactions among 
CLIMATE, USE, & 
DESIGN provide 

opportunities for 
reducing LOADS

Case Study – Reduced Loads



http://payettepeople.github.io/Thermal-Comfort-Tool/ http://bit.ly/2Dng9Ld

Existing: 
Comfortable ~12 ft into the space

Reclad w/Full Curtainwall:
Comfortable ~4 ft into the space

Reclad w/40% WWR:
Comfortable ~3 ft into the space

Impacts usable SF !

Case Study – Thermal Comfort



Case Study – Daylight & Visual Comfort
Spatial Daylight 

Autonomy,
sDA [%]

100

83

67

50

33

17

0

% of floor area 
> 300 lux

for > 50% of occupied hrs

Daylight levels can be 
met with all options

Glare would be much 
higher in the Reclad
w/Full Curtainwall
than the Existing & 
Reclad w/40% WWR



Case Study – Views

All Glass Punched Windows

> 20° view angle 
from any given point

View > 20°

No View > 20°

Views can be met with all options, 
with slightly less view angle from 
the core of the Existing & Reclad
w/40% WWR



Case Study – Priority Matrix
Reclad

w/Full Curtainwall
Reclad

w/40% WWR

Aesthetics 

Cost 

Energy Use   

Energy Loads 

Thermal 
Comfort



Daylight   

Visual Comfort  

Views   

Existing



Case Study – Future Work

• Perform energy analysis for all ASHRAE climate zones
• Assess additional HVAC systems
• Evaluate additional ECMs (lighting, equipment, etc.) in addition to 

envelope & HVAC
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Conclusions



• Benchmarking and Building Transparency
• The Future of the Energy Code and High-Rise Re-Clads
• Challenging developers, designers, and manufacturers 

to “Push the Envelope” 

Conclusions

Island Exterior Fabricators: https://islanddef.com
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