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Back to the Future:
Re-Cladding to the Past




Goals & Topics of Discussion
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O e Why are present-day buildings performing similarly to early
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1900’s buildings?
— Energy code and how it evolved to allow this to happen
— High-rise commercial building glass exteriors

e 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)
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Facts About Energy Use in Commercial and Industrial Facilities

> Combined number of commercial buildings (4.8 million) and industrial facilities (350,000) in the United States:
over 5 million’

> Combined annual energy costs for U.S. commercial buildings ($107.9 billion)
and industrial facilities ($94.4 billion):
$202.3 hillion?

> Portion of energy in buildings used inefficiently or unnecessarily:
30 percent’

> Combined percentage of U.S. greenhouse gas emissions generated by commercial buildings (17 percent)
and industrial facilities (28 percent):
45 percent!

> Percentage of energy use reduction targeted by the ENERGY STAR Challenge:
10 percent®

> Amount of money that would be saved if the energy efficiency of commercial and industrial buildings

improved by 10 percent:
$20 hillion®

> Amount of greenhouse gas emissions that would be reduced if the energy efficiency of commercial

and industrial buildings improved by 10 percent:
equal to about 30 million vehicles’

> Number of registered automobiles in lllinois, New York, Ohio, and Texas combined:
about 30 million®

Source: www.energystar.gov
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End-Use Sector Shares of Total Consumption, 2011

) i Commercial
Residential

Industrial
Transportation

Source: U.S. Energy Information Administration: Annual Energy Review 2011 & State Energy Data System
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Less than 1% of buildings in Chicago are larger than 50,000 ft2, but
they represent 22% of the total energy used by all buildings

Building Energy Use and Sector Breakdown

452,000

‘ Total Buildings Bl ings

Chicago Building Energy Use Sector Breakdown of Large Buildings (>50,000ftZ)
Large Buildin | chi Other Municipal
| Chi 0000 1) | bt 125 (3%
\ A;L‘.i:'_"‘m (>50,000 ft2) | Public ; s (3%)
e | Schools
| - | % | s
|
[

| Total Energy Use 223,000
‘ (million kBtu) MkBtu

43,100

MkBtu 22%

|
6,600 ,
Mkwh /3%

|
\
|
1 Total Electricity 20,800
‘ (million kWh) MkWh
\

If all buildings larger than 50,000ft2 reduced energy use by 5%, it would amount to annual savings
of ~2 trillion Btu energy, ~$40 million, & ~50,000 cars’ worth of CO2e

Note: (%) With gas or electricity service. 488,000 total buildings
Source: Chicago Building Retrofit Acceleration project September 2011 (2010 data)
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"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.
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* “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?”

e “Good data drives markets and
innovation.”
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Chicago is building upon other cities’ successes as we continue to
lead on energy efficiency

Overview of US Cities with Benchmarking & Disclosure Legislation

*

Seattle: (pop. 0.6M)

* Passed 1/2010

* Public & commercial bldgs >10Kft?;
* Multifamily 5+ units

* Transactional & tenant disclosure

*

San Francisco: (pop. 0.8M)

+ Passed 2/2011

+ Benchmarking for bldgs >10Kft?

+ Disclosure via website for bldgs
>50Kft?

+ Tenant disclosure

+ Performance: Mandatory audits
every 5 yrs

Minneapolis:
(pop. 0.4M) ﬁ
* Passed 2/2013

* City-owned bldgs >25Kft?

* Commercial bldgs >50Kft?
* Public disclosure

Washington, DC: (pop. 0.6M)

* Passed 7/2008

* Public bldgs >10Kft?

* Private bldgs >50Kft?

Austin: (pop. 0.8M) + Disclosure via public

+ Passed 11/2008 ik website

+ All public bldgs

* Commerc. Bldgs >10Kft?

* Transactional disclosure

* Performance: Mandatory audits
for multifamily, bldgs >10 yrs
old, and high energy use bldgs

Chicago:

(pop. 2.7M)

* Introduced 6/2013

* Public, commercial, &

residential bldgs >50Kft?

* Data verification
* Public disclosure

Boston:

(pop. 0.6M)

* Passed 5/2013

+ All public bldgs

* Private bldgs >25Kft?

+ Disclosure via public
website

* Performance: Mandatory
audits every 5 years

New York: (pop. 8.2M)

* Passed 12/2009

* Public bldgs >10Kft?

* Private bldgs >50Kft?

* Disclosure via public website

* Performance: Mandatory
audits, retro-commissioning,
lighting upgrades

Philadelphia: (pop. 1.5M)

* Passed 6/2012

» Commercial bldgs >50Kft?

* Public and transactional
disclosure

Source: City policies, interviews with city staff from New York , Washington DC, Seattle, San Francisco, Philadelphia, and Minneapolis, Institute for Market Transformation

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

e "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.

Energy Performance (kBtu/ft?)

Notifications (0]

Add a Propesfy
AAAAA
P ur Targ
- = e =
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Supporting Information
Facts

City Services
IWant To...

Apply For

Check Status Of
Find/Get

Pay For/Buy
Register

ReportiFile

Request

Sign up for/Volunteer

Quotes

“This ordinance will heip fo capture the
information to enable better informed real
estate decisions and uniock the markef
for energy efficiency. We believe that
this ordinance addresses key business
and policy priorities in our secior,
including saving money, creating local
iobs, protecting our health, and promot
[ing] Chicago’s position as a leading
Sustainable City 1o attract new business
and succeed in the global market place.”

— Commercial and Residential Real
Estate Management Executive

[ ¢ | wiweet 0 g1l o

unding and Other Energy E
ampions

Welcome and Introducti

In September 2013, Mayor Emanuel and Chicago's City Council adopted a building energy benchmarking ordinance to raise awarenass
of energy performance through information and transparency, with the goal of unlocking energy and cost savings opportunities for
businesses and residents.

The ordinance calls on existing municipal, commercial, and residential buildings larger than 50,000 square feet to track whole-building
energy use, report to the City annually, and verify data accuracy every three years. The law covers less than 1% of Chicago's buiidings,
which fogether account for ~20% of total energy used by all buildings.

Improving energy efficiency is a key element of Sustainable Chicago 20

Mayor Emanuel's 3-year action agenda to make Chicago
more livable, competitive, and sustainable.

The full text of the ordina

The first compliance deadline is June 1, 2014 for municipal and commercial buildings larger than 250,000 square feel. Benchmarking,
verification, and reporiing deadlines for additional buildings covered by the ordinance will phase-in through 205,

Please check this websile for updates on the ordinance, compliance guidance, support, and training opportunities
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CHICAGO
DATA PORTAL

Prop...

Address

431 North

ENER.

Site EUI
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AllO..
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Feedback

Discuss | Embed | About

Filrer g
Conditional Formatting 1
Sort & Roll-Up A\l
Filter

o conditions defined yet

Add a New Filter Condition
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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.

Office Buildings in Chicago:

Typical
Office

120
90
60

30

Count

0

0 50 100 150

EUI (kBTU/sf-yr)

200 250

Source: Building Performance Database - https://bpd.lbl.gov
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1 |Property Name Address Primary Type GrossSF  Year Built  Site EUI (kBtu/sq ft) Source EUI (kBtu/sq ft)
2 |1 East'wWacker Drive 111 East \'acker Drive Office 1,281,547 1363 876 1841
N 3 | 233 North Mickigan Avenue 233 Morth Michigan fverue Office 1215,747 9Tz B4.5 164.5
BUILDING o 4| 20 Narth'wacker Diive 20 North Wacker Drive Office 1742699 1329 67.2 4.3
| N NOVATIO N —! 5 |AonCenter 200E. Randalph Street Office 3,133,966 37z 85.6 146.2
0 B | The Franklin (227 ‘West Monroe; 222 West Adam: 227 West Monioe Difice 2,960,211 1983 B 224.1
o 7|35 Wacker 3N Sauth wacker Office 1433821 1390 601 1887
National Institute of ) 4 |55EastMorroe 55 East Monroe Steet Office 1674,462 9Tz 4 2234
o BUILDING SCIENCES I C a g O 3 |70 Madisen 70, Madisan St Office 1515,404.30 1381 6.4 200.7
V4 0| 1315 Dearban 3 1313, Dearbarn Office 1652.550 2002 33 310.3
CONFERENCE & EXPO 11| 500 est Marros 500 West Marros Office 1153431 1392 506 7.6
12| 500 est Madison 500 West Madizon Street Office 1,855,810 1386 BE.1 2077
13| 175 . Jackson 175 W, Jackson Office 1,609,140 1928 813 68
[ J a t a | T15auth Wacker 15, Wacker Diive Qffics 1607.710 2005 0.7 2206
15 | 300 E Randalph 300 East Randolph Office 2.213.538 2010 817 1835
18 | James R Thompson Center 100 %, Randolph St. Difice 1.200.000 1985 g 2545
17| One Morth Wacker TMorth ‘wacker Drive Office 1603,374 2001 5.3 2344
. . 18| 151Montk Clark 161 Narth Clark Office 1,200,836 1952 70 2139
13| One South Wacker outh Wacker ice 1343, . .
() ‘ mm r I I e, ffl Orne South Wack 15auth Wack off 1343.436 1362 43.z 1545
20 | 222 Sauth Riverside Plazs 222 South Riverside Plaza Office 1237455 1371 835 208
21| Harris Bank Building 115 5. LaSalle Street Difice 1.526.102 19T TI6.4 2474
22 |Leo Bumett Building 35 . Wacker Or. Office 1,392,096 1383 ET.S 2096
. X o 5 | 77 West Wacker Drive TT . Wacker Drive Office 1153,718 1952 53.3 B3
24 est Madison ladison Sueet ice 062, . .
. 151 west Madi 161w Madi S i 1062.245 1330 Tw0.T 2213
> I I I I o I g = I S e 26 |10 and 30 South Wacker 10 Sawth Wacker Drive Office 2,662,457 1353 B3.7 214
26 | 333 West Wacker 333 West Wacker Diive Difice 102,361 1aez 53.2 166.9
27 | 200 est Madizon 200 West Madizon Office 1,001,534 13sz SE.3 6.5
2 | 303 E. Wacker 303E. Wacker Office 1015128 1973 61 1§12
23 | Michigan Plaza 2051225 N Michigan Aue Oifice 2.059.714 1331 ST.6 180.7
30| One North Dearbarm 1-17 M. Dearbarn Street Office 1046276 1302 B5.6 1645
3| 100150 5. Wacker 150 South Wacker Difice 1281114 =hl 8.2 196.5
32 | 321N, Clark Property, LLC 321 Marth Clark Office 1025,053 1357 575 180.5
# | Prudentisl Plaza 130 East Pandalpk & 150 North Stetso Office 275,035 9Tz B31 1819
34 |NBC Tower 435 Morth Cityfront Plaza Drive Oifice 1,008,126 1368 63.9 2824
36 | Chicaga Basrd of Trade Building 1. dackson Bled Office 1553956 1330 05 2331
3 | 30 MorthLaSalle Street 30 North LaSalle Stieet Difice 1.095.104 19T B2.7 196.3
37 | 222 Morth LaSalle 222 MorthLaSalle Street Office 1,217,630 1386 53 158.2
3 | 525 West Manroe 525 West Monrae Street Office 108,437 1983 52.9 4.9
33 | Wwillis Tower 2335 wacker Drive Oifice 4,518,611 ELEl 0.3 263
40 | 1355 LaSalle Propery LLT 135 5. LaSalle Street Office 1.547 120 1354 31 2136
4| FourdD 440 South LaSalle Difice 1157744 1984 818 257
42 | Riwer North Paint 350 Morth Orleans Strest Office 1,853,966 1a7s e 2654
43 | Merchandise Man 222 Merchandise Mart Plaza Office 4,101,281 1930 3.4 1312
44 | 300 South Riverside Plaza 300 South Riverside Plaza Oifice 1222064 1363 60.5 130.9
45 | Sullivan Center 15 State Street Office 1114203 1303 70 1833
48 | 333 South \Wabash 3335, Wabash Difice 1.274.138 19T 1183 2176
47 | M South Wacker 111 South ' acker Office 1.248,730 2004 E7.5 2129
48 | AMA Plaza 330 North wWabash Office 1,930,764 1971 89 911
43 | 353 Morth Clark 353 Morth Clark Strest Oifice 1.364.257 2003 T 2na
B0 | 33 West Manrae 33w Manrae Street Office 1085863 1380 B33 1B0.3
51| 155 Morth wacker 155 M. *Wacker Difice 1327735 2003 .2 180.7
52 | 300 Morth LaSalle 300MLaSalle Office 1508,953 2007 B0 3.5
53 | 23150uth LaSalle 2315, LaSalle Sweet Office 1129407 19249 &7.9 T
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Year Built

1902-1934

1969-1979

1980-1992

2001-2010

Average EUI

Sorted by Year Built

81.7

87.9

64.6

78.2

2z ] 11 N. Dearbom Street Uiffice I B

3 | Sullivan Center 135 State Strest Difice 1.114,203 1303
4 231 SouthLaSalle 2315, LaSalle Street Ofice. 1123407 1324
5 175, Jackson 175 . Jackson Diifice 1.809.140 1328
§ | 20Marth \Wacker Drive 20Morth v acker Drive Office 1.742,593 13z3
7  Chicago Board of Trade Building W1 Jackson Blud. Oifice 1,554,956 1330
&  Merchandise Mart 222 Merchandise Mart Plaza Difice 4,101,281 1330

s

10 | 111East Wacker Drive THEast ‘w acker Diive Difice 1281847 1363
N | 222 South Riverside Plaza 222 South Riverside Plaza Ofice. 1237455 167
12100150 S, Wacker 150 South acker Diifice 126114 =Ll
12 |AMAPlsza 330 Merth Wabash Office 1,330,764 1|7
14| 233 Morth Michigan Avenue 253 Marth Michigan Avente Oifice 1215747 137z
15 | Aon Center 200E. Randolph Stiest Difice 3,133,966 1Tz
15 |55 East Monrae 55 East Monrae Street Ofice. 1674462 137z
17| Prudential Plaza 130 East Randolph & 150 Morth Stetso Difice 2,751,035 1Tz
15| Williz Tower 233 S'wacker Drive Ofice. 4,518,811 1373
13| Harris Bank Building 115 5. LaSalle Street Diifice 1526102 1974
20 | 30North LaSalle Strest 30Morth LaSalle Strest Office 1,095,104 137d
21 | 333 Southwabash 3335 Wabash Oifice 1274138 1374
22 | River Morth Point 350 North Orleans Stest Difice 1.863.966 17s
23 | 303E Wacker S03E ‘wacker Oiffice 1,015,123 1373
25 |70 Madison T0'%. Madizan St Ofice. 1.515,404.30 1351
26 |Michigan Plaza 2051225 N Michigan Ave Diifice 2053714 =L
27 | One South wacker 1South v acker Office 1343433 1335z
28 333 Westwacker 333 West Wacker Orive Oifice 1.012.961 1382
29 | 200 West Madizon 200 West Madison Difice 1001834 135z
30 | 10.and 30 South Wacker 10 South Wacker Drive Ofice. 2,662 457 1383
H | 525 WestMaonroe 525 West Monioe Street Diifice 1028432 1983
32 | 300 South Riverside Plaza 300 South Riverside Plaza Office 1.222,084 13383
33 |Fourdd 440 South LaSalle Diffice 1187794 1354
| Jamez R Thompson Center 1004, Randelph St. Office 1,200,000 1335
35 500 West Madison 500 west Madison Street Oifice 1.855.810 1386
36 | 222 Morth LaSalle 222 North LaSalle Street Difice 1217630 1356
a7 | 321N, Clark Propeny, LLC 5321 Marth Clark Ofice. 1.025,053 1357
38 |MBC Tower 455 North Citwfront Plaza Drive Diifice 1.006,126 1368
29 | The Franklin (227 \West Morros; 222 \West Adams 227 West Morros Office 2,980,211 1353
40 | Len Burnet Building 35 %W Wacker Or. Oifice 1332098 1383
41| 3N S, Wacker 31 South wacker Difice 1433821 1330
42 161 west Madison 181w Madison Street Oifice 1.082,248 1330
43 | 500 West Monros 500 West Monioe Difice 1153.431 133z
44 | 161 Marth Clark 161 Marth Clark Oifficce 1,200,536 1332
46 | OneMorth Wacker 1Morth twfacker Drive Office 1603,374 2001
47 1313 Dearbarn 3 1315 Dearharn Oifice 1.652.550 200z
48 | 111 South wacker T South 'wacker Difice 1.248,730 2004
43 | T1Sauth Wacker 15 wacker Drive Ofice. 1B87.710 2005
50 | 300 Morth LaSalle 300NLaSalle Difice 1,506,353 2007
51 | 353 Morth Clark 353 Narth Clark Street Ofice. 1364257 2003
52 | 195 North Wacker 155 M. Wacker Diifice 1.327.735 2003
53 | 300E Randc\ﬁh 300 East Randclﬁh Ciffice 2,213,533 2010

873
8.3
ET.2
05
634

876
835
89.2

848
856

63.1
303
TIE.4
827
&35
016

Bd.4
S5TE
43.2
532
56.3
B&7
523
B0.5
8.6
1028
BB

575
839
e
BT S
60.1
0T
S0.6
0

989

678
0.7

Ty
3.2
517
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Year Built
1902-1934

1969-1979

1980-1992

2001-2010

Ing

Average EUI

81.7

87.9

64.6

78.2

1= Majority Opaque Exterior [___1= Majority Glazed Exterior

2 Ene HortE ﬂealEom

Sullivan Center
251 5outh LaSale

175, Jacksen

20 Morth ' acker Orive:

Chicage Bosrd of Trads Building
Merchandise Mar:

1j ! H Eearbcln et

15 Srate Street

2315 LaSalle Sweet

175 %W, Jackson

20 Morth W acker Drive
11, Jackson Blud

222 Merchandise Mart Plaza

ice
Office
Office
Office
Office
Office
Office

11 East wacker Drive

22Z Souath Riverside Plaza
1001150 5. wacker

AMA Plaza

233 Marth Michigan Avenue
Aon Center

55 East Monroe
Prudential Plaza

twiillis Tow r

Hanis Bank Building

30 MarthLaSalle Strest
333 South Wabash

River Narth Paint

est Mornoe
704/ Madisen

Michigan Flaza

Ore South Wacker

333 nest blacker

200 et Madison

10 and 30 South Wacksr
525 west Monroe

300 South Fiverside Plaza
Fourdd

James R Thompson Center
00 iest Madizan

222 North LaSalle

3211, Clark Propeny, LLC
HEC Tower

The Franklin (227 West Monroe; 222 West Adam:

Leo Burnett Building
INS. wacker

181 West Madisan
500 west Morros

DOine Morth 'wacker
1315 Dearborn 3
11 Sauth Wacker
T150uth 'Wacker
300 Marth LaSalle
353 Morth Clark
155 Marth Wacker

i

111 East Wacker Diive

222 South Riverside Plaza
150 South 'wacker

330 Morth wabash

233 Marth Michigan Avenue
200E. Randalph Street

55 East Monroe Strest

130 East Randalph & 130 Marth Stetza

233 5 wacker Drive

115 3. LaSalle Street

30 North LaSalle Street
3335, Wabash

350 Marth Orleans Street

lonroe Steet
0. Madizon St

205(225 M Michigan five
1Sauth Wacker

333 West wacker Drive

200 W est Madison

10 South w'acker Orive.

525 West Monroe Street

300 Sawth Riverside Plaza
440 South LaSalle

100 Randalph St

500 West Madizon Strest

222 Morth LaSalle Street

521 Marth Clark

455 Morth Cityfront Plaza Diive
227 West Monroe

35w Wacker Or

31 South Wacker

181 Madison Street

500 West Morros

TMorth ‘w'acker Drive
1313, Dearban

11 South Wacker
T15. ‘wacker Drive
300M LaSslle

353 Morth Clark Street
155 M. Wacker

Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office

e
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Cffice

Office
Office
Office
Office
Office
Office
Office
Office

114,203
1123.407
1.803,140
1,742,833
1,553,356
4107281

1.281,547
1,237,455
1281114
1,930,764
1215747
3,133,366
1,674,462
2,751,035
4.518.611
1526102
1,095,104
1.274.138
1,683,366

1,515,404, 30
2,053,714
1,343,435
102,361
1,001,834
2,662,457
1.028.492
1,222 064
1157, 744
1,200,000
1855810
1.217.630
1,025,053
1,008,126
2,960,211
1,332,036
1.433.821
1,082 245
1153491

1,603,374
1,652,550
1,248,730
1687.710
1,508,353
1,364,257
1.327.735

1303 1533
1324 873 1747
1328 &3 168
1323 E7.2 4.3
1330 105 2331
1930 B34 1.2
1369 876 1541
=nl 835 Z06
=nl 852 1965
L=n =] 111
1ar2 84.8 1345
13Tz 85.6 uE.2
1arz 36 2234
1ar2 631 1814
1973 0.3 283
1374 6.4 2474
1974 B2.7 HE3
1aT4 8.3 2776
1375 016 2654
o1 1o
B =10
1331 Bd.4 200.7
1351 576 180.7
1382 432 1545
1362 532 166.9
1382 56.3 K
1983 BB.7 214
1983 529 164.9
1383 B0.8 1303
1364 1.8 257
1385 0zE 254.5
1386 66.1 207.7
1986 53 1582
1387 575 1805
1368 83.9 26z.4
1983 alil 2241
1383 B7S 2096
1390 60.1 1887
1330 07 2213
1392 S0.6 BTE
5 i 195
LT
9.9 23d.4
2002 33 3103
2004 ET.8 2129
2005 0. 220.6
2007 6D 1735
2003 T 2.8
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Energy Code: History of ASHRAE

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

e 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

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

(kBtu/sf-yr)

100
90
80
70
60
50
40
30
20
10

81.7

1902-1934

1975:
ASHRAE Standard
first issued

1969-1979 1980-1992
Year Built

2004:
Appendix G added

2001-2010

THE FUTURE?
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Energy Code: Paths

IECC OR ASHRAE 90.1

,.‘f ANSI/ASHRAE/IES Standard 90.1-2013
y {Supersedes ANSIASHRAE/IES Standard 30.1-2010)
d Includes ANSIASHRAENES Addanda listed in Appendx F

Energy Standard

for Buildings

Except Low-Rise
Residential Buildings

(I-P Edition)

2 O] 5 INTERNATIONAL
R e g Energy Conservation

Code”

A Member of the International
Code Family™ /

x| |
CODE COUNCIL
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Energy Standard

for Buildings

Except Low-Rise
Residential Buildings
(1P Edwtion)

Prescriptive

Appendix G

Performance
Rating Method
(PRM)
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Energy Standard
for Buildings

Excopt Low-Rise
Residential Buildings
o by

1T

30%*

Energy Code: Prescriptive

Prescriptive Window to Wall Ratio

*2 options for 40%
250/25% conditioned sf is Daylight Zone

& Daylight Zoned & VT=1.1"SHGC

o

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

Table 5.5-5 Building Envelope Requirements for Climate Zone 5 (A,B,C)*

Nonresidential Residential Semiheated
o o . Ovaque Elements Assembly Insulation Assembly As v 1
P re s C r| pt |Ve e nve | O p e re q ul re rr] e nts Paque Maximum Min. R-Value Maximum Min. R-Value Maximum  Min. R-Value
Roofs
q
by CI N late zone Insulation Entirely U-0.032 R-30c.i U-0.032 R-30ci U-0.063 R-15ci
above Deck
R-19 + R-11 Ls or| R R-19+R-11 Ls or .
Metal Building® U-0.037 R3S+ RS L U-0.037 R25 4 o L U-0.082 R-19
Attic and Other U-0,021 R-49 U-0.021 R-49 U-0.034 R-30
Walls, above Grade
Mass U-0.090 R-114c.i U-0.080 R-13.3 ci U-0.151" R-5.7¢ilt
5.5-5 Building EnveloEe Requirements for Climate Zone 5 (A,B,C)*
; Metal Building U-0.050 R-0+R-19 ¢.i. U-0.050 R-0 + R-19 c.i. U-0.094 R-0+R-9.8 c.i.
Nonresidential Residential Semiheated Steel Framed U-0.055 R-13 + R-10c.i. U-0.055 R-13+ R-10 c.i. U-0.084 R-13+R-3.8 c.i.
- Assembly Insulation Assembly Insulation Assembly Insulation Wood Framed and ~ R-13 + R-7.5 c.i. oo . R-13+ R-7.5 ¢.i. of .
Opaque Elements . imum Min. R-Value Maximum Min. R-Value Maximum Min. R-Value Other U-0.051 Re19 4+ R-5 e U-0.051 R-19 + R-5 ¢ U-0.089 R-13
Wall, below Grade
. . Asstmbly  Asmemblyfj Anembly Assembly Assembly Assembly Assembly Assembly Below Grade Wall C0.119 R-75ci C-0.092 R-10c.i C-1.140 NR
Fenestration Jui B Min. Mux. Max. Min. Max. Max. Min. - - i . N -
SHGC  VTISHGC U SHGC  VT/SHGC u SHGC  VT/SHGC -

:,‘T_r',‘r:”tl';jfﬂ fion. 4for all frame types) {for all frame types) (for all frame types) Mass U-0.057 R-14.6 .. U-0.051 R-16.7 c.i. U-0.107 R-6.3 ¢i.
Nonmetal framing, all]  U-0.32 U032 1045 Steel Joist U-0.038 R-30 U-0.038 R-30 U-0.052 R-19
Metal framing, fixed f|  U-0.42 U-0.42 U-0.62 g:l‘l“::* Framed and U-0.033 R-30 U-0,033 R-30 U-0.051 R-19
Metal framing, operabff  U-p.50  SHGC-040 110 v-050 SHGC040 110 U-0.70 NR NR
Metal frami Slab-on-Grade Floors
Metal framing, entrand 1077 10,68 1077
door v U0 v Unheated F-0,520 R-15 for 24 in F-0.510 R-20 for 24 in. F-0.730 NR

Shylight, 0%6-3% of Roof Heated F-0.688 R-20 for 48 in F-0.688 R-20 for 48 in F-0.900 R-10 for 24 in
All types U050 SHGC-D40  NR U050  SHGC-D40  NR U098 NR NR Opaque Doors

* The folkowing definiticns applys £1. = CoNNNmos meulaion [see Section 321, FC = filled cavity (see Section A2 3.2 3}, Ls = liner system fsee Section A2 12 43, NR = na {issulation) Swinging U-0.500 U-0.500 U-0.700

s Block is reguand (sor 5
’ A Nonswinging U-0.500 U-0.500 U-1.450
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Energy Code - Performance

Performance path (energy modeling):

 Different Purposes: Design assistance, general
energy savings, code/LEED Compliance

» Test Energy Conservations Measures (ECMs):
envelope, insulation, glazing, HVAC, controls
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Energy Code - Performance

Most common reasons to perform an Baseline eQuest model K7
energy model rather than use the T ———— i
prescriptive path: Goce A

High WWR

IECC requires < 30% WWR

ASHRAE 90.1 requires < 40% WWR

‘Transparent’ single pane glass U-1.0

100% WWR

> U-value requirements Efficient HVAC

Tradeoffs (envelope, lighting, HVAC)
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Energy Code

° ”Trade_Of :" Baseline eQuest model
; B— = U-0.42
Envelope vs Mechanical System A
3 . Code HVAC
e |sita “fair-trade?”
 Energy is not the only thing that
matters!
— Aesthetics
— Cost
—  Views U-1.0
— Usable SF 100% WWR

Efficient HVAC
Daylight & visual comfort

Thermal comfort
Condensation potential & moisture issues
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03
High-Rise
Commercial Repositioning
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H

igh-Rise Commercia

Mid-Century Modern and
Post-Modern High Rises

(1950 — 1990)

=

L B

1
|
]
i

| Reposit

lonin

Property Name
One Morth Dearborn

Sullvan Center

231 South LaSalle

75 . Jacksan

20 North wacker Drive

Chicago Board of Trade Building
Merchandise Mart

Address

1-17 M. Dearbom Street

15 State Steet

2313, LaSalle Street

1754, Jackson

20North ‘wacker Drive
141%. Jackson Blud.

222 Merchandise Mart Plaza

111East Waacker Drive
222 South Rliverside Plaza
10050 5. Wacker
AMAPlaza

233 North Michigan Avenue
Aan Center

55EastMonroe
PrudzntialPlaza

ilis Tower

Harris Bark Building

30 North LaSalle Stizet

333 South Wabash

River Rorth Paint

303E. Wacker

33 \est Monroe

0% Madisan

Michigan Plaza

One South Wacker

333 Wast Wacker

200 /et Madison

10 2nd 30 South Wacksr
525 /zst Monroe

300 South Rliverside Plaza
Fourdd

James A Thompsan Center
500 /et Madison

222 Nanth LaSalle

321N, Clark Property, LT

Leo Burnett Building
3N S wacker

161 West Madison
500 west Manroe
161 Morth Clark

7 wlest wacker Orive
One Marth Wacker
1315, Dearbomn 3
1 South 'acker
T1South \Wacker
300 Morth LaSalle
353 Marth Clark

155 Morth 'wacker
300 E Aandalph

i

111East Wacker Orive

222 South Riverside Plazs
150 South Wacker

330 Morth W abash

233 Morth Michigan Avenue
200E. Randolph Street
55East Manroe Stieet

130E st Randalph & 180 Morth Stetso
2335 'Wacker Orive

TS5, LaSalle Street
30MNarth LaSalle Street
3335, Wabash

350 Marth Orleans Street
303E. Wacker

33 %W, Manroe Street

T0'W, Madison St

205225 N Michigan Aue
1South ‘wacker

333 West Wacker Drive

200 'west Madison

10 South Wacker Orive

525 'west Monroe Street
300 Souh Riverside Plazs
440 South LaSalle

100, Randelph St.

500 'west Madison Street
22ZMNorth LaSalle Street
321Nonth Clark

35 W, ackerOr,
311500tk Wacker
161 Madison Suset
500 w/est Manroe
161 ath Clark

TP wacker Orive
1Marth W acker Drive
1315, Dearbon

11 Sauth \Wacker
715, Wracker Orive
300MLaSalle

353 Morth Clark Street
155 M. Wacker

300 East Randalph

=
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office

1,392,096
1433821
1,082,245
1153431
1,200,836
1183218
1603.374
1,652,550
1,248,730
1687.710
1,506,353
1.364.257
1327735
2,218,838

1389
1330
1330
1332
1332
1332
2001
200z
2004
2005
2007
2009
2003
2010

Primary Type  GrossSF  Year Built  Site EUI {kBtu/saft)  Source EUI (kBtu/sq ft)
Office 1.046.276 1902 656 164.8
Office 1.114,203 1903 0 1533
Office 1123.407 1924 &7.9 4T
Office 1,503,140 1928 813 188
Office 1,742,853 1923 67.2 4.3
Office 1559.956 1930 05 2331
Office 4101251 1330 634 1312
e e —————
Office 1261847 1963 676 184.1
Office 1.237.455 1971 835 206
Office 1281114 1971 5.2 1965
Office 1.930.764 1971 a3 1911
Office 1215747 172 84.5 1845
Office 3.193.956 1972 856 He2
Office 1674452 172 %6 2234
Office 2751035 1972 831 1814
Office 4,518,811 1973 a0.3 283
Office 1526.102 1974 164 247.4
Office 1035104 1974 627 E3
Office 1274.198 1974 118.3 2716
Office 1,883,966 1975 1016 265.4
Office 105,129 1973 il 1912
Office 1,085,863 1380 63.3 60,3
Office 1515.404.30 1981 4.4 200.7
Office 2,053,714 1981 576 80,7
Office 1,343,438 1982 49.2 154.5
Office 1012.961 1982 53.2 16,3
Office 100,834 1982 56.3 76,8
Office 262457 1983 65.7 21
Office 1,028,452 1983 523 164.3
Office 1.222.084 1983 605 1903
Office 157,744 1984 818 257
Office 1.200.000 1985 102.8 254.5
Office 1,655,610 1985 6.1 207.7
Office 1217.630 1388 53 1582
Office 1.025.053 1987 575 1805

209.6
h=i:r
2213
1576
2193
BE3
234.4
310.9
2123
220.6
1735
Zns
130.7
183.8
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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

e QOlder glazing technology vs.
present-day design loads
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High-Rise Commercial Repositioning

1095 Avenue of the Americas
New York, NY
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High-Rise Commercial Repositioning

5 Manhattan West
New York, NY

2017




BUILDING S
INNOVATION S

BUILDING SCIENCES
CONFERENCE & EXPO

High-Rise Commercial Repositioning

Anthony J. Celebrezze Federal Building

Cleveland, OH

ARRNN
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Unitized Curtain Wall
Advantages:
-Aesthetics

-Installation

-Cost

o




N

BUILDING

INNOVATION @ Insulated Opaque

Wall Advantages:
-Performance
-Durability
-Installation
-Cost

Island Exterior Fabricators: https://islanddef.com EAG: https://www.eag.uk.com
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gh-Rise Commercial Repositioning

TYPICAL METAL PANEL | CONSTRUCTION PROCESS
STEPZ | 5
STEP3 | per
STEP 4 | Herizsna
STEPS | sem

STEP 4 | wind

STEP 7 | Atumirum com

STEP § | Ponchis witer-sealed, cloared, chocked or qualiy contral and s rendy J6r Shigment + rectisn

Island Exterior Fabricators: https://islanddef.com



BUILDING S
INNOVATION S

BUILDING SCIENCES
CONFERENCE & EXPO

-
%

Aesthetics v

Cost v V¥
Energy Performance v
Occupant Comfort v

Views

V*




7
I"ft;
Jasin';
R

L

l,’

)
n'ﬁ
Wy
h Qg
7

Views?
BUILDING S
INNOVATION <

BUILDING SCIENCES




High-Rise Commercial Repositioning

BUILDING & Usable Square Footage

INNOVATION 2

o -Chicago Commercial Office
Real-Estate = $140 / SF

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

-Potential SF value:
S140/SF x 576 SF x 40 Floors =
$3,225,600.00
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Case Study
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Site EUI

Property Name Address Primary Type GrossSF  Year Built (kBtu/sq ft)
70 W Madison 70 W. Madison St Office 1,515,404.30 1981 64.4
Michigan Plaza 205/225 N Michigan / Office 2,059,714 1981 57.6

One South Wacker 1 South Wacker 1,343,438

333 West Wacker 333 West Wacker Drit Office 1,012,961

200 West Madison 200 West Madison Office 1,001,834

10 and 30 South Wacker 10 South Wacker Driv Office 2,662,457
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Case Study - Existing

Count

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.

Office Buildings in Chicago:

One South  Typical
Wacker : Office

90

60

30

0

0 50 100 150 200 250
EUI (kBTU/sf-yr)

Source: Building Performance Database - https://bpd.lbl.gov
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Case Study: One South Wacker, Chicago, IL

Energy Analysis:
1)
2)
3)

Existing building
Re-Clad: Fully-Glazed Curtain Wall System
Re-Clad: 40% Glazed with Opaque Wall Assemblies




INNOVATION <

°Na;imal[nsﬁwteof
BUILDING SCIENCES

CONFERENCE & EXPO

PO R B

]
1

2

it

”I:" = . Y

'




BUILDING S
INNOVATION S

CONFERENCE & EXPO

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
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Case Study - Existing

. 5.9

4

VISION
GLASS

SPANDREL
GLASS

"TYP.

RepARR

w20 L

VISION GLASS
-Insulated Glass Unit
(IGU), Tinted

SPANDREL GLASS

-Single Pane Glazing, Tinted
-Rigid Insulation

-Gyp. Board on Metal Stud
Framing above Slab

e L
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; 5-9"TYP.

Existing

Ah

AR

, 2

8-5" TYP.

&
b~

Re-Clad with Fully-Glazed System

A

AN
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Case Study — 40% Glazed with

-5“[]"
I

{301y

; 5-9"TYP.

Ah

M

; 3.0 u_f
/ TYP /
i /

56"
TYP

—3-0"—

[ TP |

Re-Clad with Unitized Opaque Panels

=l
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naque Walls

~ 4\ | / > /

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

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

/
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Grasshopper - 15W Massing
File Edit View Display Solution Help

Crv S Msh It Trms

© 006 66
@ 080 00

=

(@ Save successfully completed... (4 seconds ago)

Window-to-Wall
Ratio: 39.54%



Case Study — Comparison Options

BUILDINGS
INNOVATION B General Info
lv"v'.ESthEI' File Chicago, IL
— Climate Zone BA
SElRE RN Firtofir heights 117"
Fir-to-clg heights 10-8"

Model Input Parameter

Existing Building

Re-Clad with Full Curtwainwall

Re-Clad with Curtainwall
+ Opaque Assemblies

Building Envelope

Roofs

Walls - Above Grade

|Fene5tration and Shading

Wertical fenestration Area (% of Wall area)

Vertical Glazing Description

Metal Frame, > 24 in. o.c.

1.58" paolystyrene (R-6) exterior insulation
U-0.092 (R-10.9)

Metal Frame, 2x4, 16 in_ o.c.

1.58" palystyrene (R-6) exterior insulation
J-0.192 (R-5.2)

Cwerall: 45 5%
South - 50%
Morth - 50%
East - 20%
West - A5%

Same as Existing

R-5

5%

Solarban60 Solarblue + Clear

Same as Existing

U-0.066 (R-15.15)

40% overall:

South - 38%

Morth - 40%

East - 32%

West - 47%

Solarban60 Solarblue + Clear

Vertical Glazing U-factor

U-0.68

U-0.32

U-0.32

Vertical Glazing SHGC

0.47

0.30

0.30
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Case Study — Energy

EUI (kBTU/sf-yr)

50

45

40

35

30

25

20

15

10

EXISTING

RECLAD
w/FULL CURTAINWALL

RECLAD
w/40% WWR

Lights
Misc
m Pumps
Fans
DHW
m Heat Rejection
Heating

Cooling
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Case Study — Energy

Cooling Cooling
10% 11%
Int Lights Int Lights
29% 29%
Heating Heating
21% 20%
DHW, DTG
9 1%
Misc . 1% Misc Fans
o, ans 19%
19% e b 13%

Cooling mHeat Rejection Heating DHW Fans

Int Lights
31%

Misc
20%

m Pumps

Coolin%_Ie

Misc

11% . &
Rejgftion
1%
Heating

16%

DHW
2%
Fans
13%

Int Lights
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Case Study — Other Considerations

EUI (kBTU/sf-yr)

50

45

40

35

30

25

20

15

10

49.2 49.0
] [ ]
EXISTING RECLAD

w/FULL CURTAINWALL

45.4

RECLAD
w/40% WWR

Lights
Misc
m Pumps
Fans

DHW

m Heat Rejection
°

Heating

Cooling

Other considerations:

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

e Thermal comfort + usable SF

e Visual comfort

Views

e Aesthetics
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PEAK LOADS [kBtu/h]

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

EXISTING

PEAK LOADS
RECLAD RECLAD
w/FULL w/40% WWR

CURTAINWALL

Infiltration
Equipment to Space
Lights to Space
m Occupants to Space
Underground Surface Conduction
= Window Glass - Solar
Window Glass - from Conduction
Roof Conduction
Wall Conduction




Case Study — Reduced Loads

Buibinez | Reduced loads -> reduced HVAC system needs -> increased usable SF

INNOVATION <

COMPOUNDING ENERGY USE REDUCTION BY RIGHT-SIZING HVAC
TO REDUCED HEATING AND COOLING LOAD

—> LOADS € SYSTEMS e ENERGY
! ! | |
Interactions among T Reduction in LOADS Smaller demands are
CLIMATE, USE, & lead to reductions in easier to satisfy with
DESIGN provide SYSTEMS size and ENERGY produced on
opportunities for DESIGN ENERGY use site

reducing LOADS
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Case Study — Thermal Comfort

Glazing and Winter Comfort Tool

This tool displays the impact of glazing geometry and U-valus on
occupant thermal comfort during winter months. It shows when it is
possible to climinate perimeter heat in cases where the U-valus is low

| x
e 1
Acceptable PPD from Downdraft *
Acceptable PPD from Radiant Loss
Occupant Distance From Facade (ft) 7

F

GRAPH TYPE
Split

a
. = R S5 PR
) " ix
g TR G 21%PED
= X A A —a—a
E2 e -
E A
H A —h—h——
E
%10
<
£
5
(=]
V] H " x .
2 a 6 8 10 12
Occupant Distance from Facade (ft)
30
.
a
g
z
S 20
s
£ +.Case 1:9.1% PPD
2
S ) e Case 3:6.9% PPD
c b § [+3
.
s e I
k| . * 0 o . . . s @ §
= :
V] H " x .
2 a 6 8 10 12

Occupant Distance from Fagade (ft)

© UNDERSTANDING DISCOMFORT

and windows are small.

Email the deve

We've updated! See the

pers, visit our github. and read the

tes, to learn about this tool's

improved downdraft comfort model and interface updates

unrs (@ ()

SHARE [ sav

‘QUTDOOR DESIGN CONDITION © Casel Case2 @ Case3
oor Term, <R 7 10 10 1
FACADE GEOMETRY
Ceiling Hei © 107 107 107
20 20 0
7 819 7
3 2 E]
0 75 8
667 20 667
FACADE PERFORMANCE
Window U-Value (Btu/ft*hr°F] 068 03 032
INDOOR CONDITIONS
F 72 72 2
20 20 0
© ADVANCED OPTIONS
s 15
10 10 1
oe: oas oa
12 12 12

© REFERENCES

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 !
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Case Study — Daylight & Visual Comfort

Spatial Daylight
Autonomy,
sDA [%]

! 100

83

67

50

33

17

™ W,

% of floor area
> 300 lux

for > 50% of occupied hrs




7' Case Study — Views

BUILDING S
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All Glass Punched Windows

_\20 4/7.,‘,

' >20° view angle
from any given point

B View>20° Views can be met with all options,

with slightly less view angle from
the core of the Existing & Reclad
w/40% WWR

No View > 20°




Case Study — Priority Matrix

BUILDING Existin fgclas Reclad
INNOVATION 2 & w/Full Curtainwall w/40% WWR
Aesthetics v
Cost v
Energy Use v v v
Energy Loads v
Thermal v
Comfort
Daylight v v v
Visual Comfort v v
Views v v v
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Case Study — Future Work

e Perform energy analysis for all ASHRAE climate zones
e Assess additional HVAC systems

e Evaluate additional ECMs (lighting, equipment, etc.) in addition to
envelope & HVAC




BUILDING S
INNOVATION S

BUILDING SCIENCES
CONFERENCE & EXPO

05
Conclusions
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Conclusions

e Benchmarking and Building Transparency
e The Future of the Energy Code and High-Rise Re-Clads

e Challenging developers, designers, and manufacturers
to “Push the Envelope”
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