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CHARLES PANKOW
FOUNDATION

Building Innovation through Research

Independent, private
grant-making foundation delivering
better ways to design and build.

Our ambitions are large-scale, and require

collective action and significant levels of
investment, know-how and influence.

We provide leaders and organizations
catalytic capital and
the framework of success.

All work product is publicly shared for
collective use and industry change.




$15M

FUNDED

94

RESEARCH
GRANTS

37

ORGANIZATIONS

Founded 2005
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PROFESSIONAL'S GUIDE T0

MANAGING THE DESIGN PHASE
of a Design-Build Project

§p—

COLLABORATIVE
PROJECT DELIVERY

NOVEL
STRUCTURAL SYSTEMS &
ADVANCED MATERIALS

EMBODIED CARBON In CONSTRUCTION CALCULATOR

EMBODIED CARBON IN
THE EC3 TOOL: BETA
METHODOLOGY
REPORT

ENVIRONMENTAL
TRANSPARENCY
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Our Operating Model
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Agenda
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Good Bad Ugly

Why use spandrels? What do we not know What is the current
about spandrels? future of “spandrels” ?



Glazed Wall Spandrel Systems

Insulting Glass Unit———>

Metal Panel

Metal Back-Pan

Spandrel

Vision Glass

Unitized Curtain
Wall Panel

=
= enclos

A non-vision application of a
fenestration product; typically
used to hide or obscure features of
the building structure or used for
visual effect. (NFRC 100)
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Prevalence of Glazed Wall Systems

Glazed wall systems represent
roughly 40% of the building
facade systems used in the
downtown core of several major
cities.

North American Glass Curtain
Wall Market estimated
> $8.4 Billion in 2023

(Stellar Market Research, 2023)

PERCENTAGE OF BUILDINGS

BUILDING HEIGHT VS. GLAZED SYSTEM SUB-TYPE

88%

12%

84%

50%
50%

m Curtain Wall
m Window Wall

16%

HIGH-RISE (>= 21 STORIES)

MID-RISE (7-20 STORIES) LOW-RISE (4-6 STORIES)

BUILDING HEIGHT
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Speed of Construction




Other Advantages

NATIONAL FENESTRATION RATING COUNCIL
LABEL CERTIFICATE

PRODUCT LISTING

LABEL CERTIFICATE ID: XYZ- Issuance Date: mm/ddfyyyy
NFRC CERTIFIED PRODUCT RATING INFORMATION:*
Rating

The NERC Certi
requirem
PRODUCT LISTING:
CERTIFIED Performance Rating
at NFRC
Model Size
TPOID | Yo Area Wame | FramingRel | Glazing Ref | SpocerRef | U™ | SHGC™ | Vi~
v e | |
e

PPLOT0 | 8089 | PL2200/PL2210 | FAPLZ20 | GATT-001 | SAAM001 | 053 | 088 | 086
P.PLO0S | 19267 | PL3400/PL3401 | FAPLIO! | GATT001 | SAAM002 | 086 | 057 | 085
P-PL-012 8222 L5700/ PL-5720 \ FA;PL.’)m T GATOD02 | SAAM-001 0.52 021 0.30
| P-PLO02 | 8000 | PL-1100/PL1152 | FAPLI152 | GATT-001 | SAAM0O1 | 042 051 062

PPLO22 | 52600 | PL990O/PLSSIS | FAPLOSIS | GATOOM | SAAM02 | 0S| 045 | 019

FRAME, GLAZING and SPACER ASSEMBLIES:

FRAMING LISTING:

FRAMING REF SUPPLIER ID DESCRIPTION
FA-PL2210 ‘Single Casement Thermally Broken Aluminum
FA-PL3401 Projecting (Awning) Thermally Broken Alumsinum
FA-PLST20
FA-PL1152
FA-PLIOTS

Vertcal Sider PVC reinforced with Steel
Vertical Sider Thermally Broken Alumnum
Fixed Thermaly Broken Aluminum

GLAZING LISTING:

National Fenestration — FEr=t——a2==_——

GATT-002
GATT-008 1 Double Glazed, 1/4” Bronze. 14" SC Low-e, Argon (80%). 1/2" gap.

Rating Council®  Saetae —

SPACER REF suppUER 1D |
|

SAAM-001 |
SAAM-002 | |

154 Palymer Spacer (V)

|
"250P Mil Finish Alumieur Low profle (1/2) |
|
q

©2009 National Fenestration Rating Counail
Al rights reserved

QA/QC 34 Party Rating

Spandrel Panel Systems are included in
NFRC

Potential for high levels of quality control
and tight tolerances with factory
production



What’s in a label?



The Bad ‘

The truth about spandrel thermal performance....

pdizazzz iiziizizig‘@zz 2222z
gl

SN

ool bbbtttk e bl Lol Ll Lle vt s

Inaccurate thermal
performance

>

[l =

Misleading energy
conditions performance and
carbon emissions
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Inaccurate Thermal Performance

Derated performance due to thermal bridging
Spandrel with R-16.8 insulation

‘Actual’ R-6.5!

—

Hotbox Lab Measurement 3D Analysis 2D Analysis
Hotbox Measurement 0.87 (0.153) 1.2 (6.5) -
3D Analysis 0.87 (0.153) 1.2 (6.5) 0%
2D NFRC-100 0.63 (0.111) 1.6 (9.0) 32%
2D NFRC Modified 0.68 (0.120) 1.5:18.3) 24%
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Nonrepresentative Conditions

VS

NFRC Spandrel
Product Evaluation

Additional heat
flow from adjacent
components

CHARLES PANKOW
FOUNDATION
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Nonrepresentative Conditions

Interior
Temperature
20°C

Exterior
Temperature
-10°C

Additional heat flow and increased
condensation risk

CHARLES PANKOW
FOUNDATION
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Building Energy Performance

« Compact shape

* 40% window to wall ratio

* R-40 roof

U-0.35 windows, 0.3 SHGC (Double glazed)
HRV 60%

Standard construction

L Gas heating
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Multi-unit
residential building
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Impact of 2D NFRC vs. Reality

\
\/f\ PathFinder

Shape Window
Fraction , R-value |

Typicail <‘ 1 -
0.40C -

Climate Zone 4

ISpandrel| Roof R-

40|

Value

Window
U-Value

Window SHGC Heat Rec
Efficiency

0.30

Infiltration  Heating Fuel |Heatlng | GHG 1|
Rate Source I_Energy L I
90 4 22 4
} 1 80 20
70 18
60 - 16
50 14
40 12
30 104
Gode{ Gas<‘ 204 a
i A 10: 6 -
Heating
Energy GHG
31.33 10.96

-
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Impact of 2D NFRC vs. Reality

@)( PathFinder

Window Spandrel| Roof R-Value

Shape Window
Fraction I_F\'_-VE lie_l U-value

- - - 40 -

_ _ / _ \Mﬂ
/
Typical <. . . . .
T
~
- 040 / - -

=
)

Climate Zone 4

window SHGC Heat Rec Infiltration Heating Fuel :Heating: : GHG :
Efficiency Rate Source I_Eﬂelgll Ll
i 90 22:
] 1 1 80 20
. 70+ 18
T 60 - 16
I 50 - 14+
i 404 __—127
Code-+— Gas—+— 50 8-
i i ] 10 7 61
22% Higher Heating  oug  12% Higher
Heating Energy! Energy Emissions!
38.26 12.29

Missed objectives

-
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Heating Energy Demand (kWh/m?/yr)
5 S s & S 3 3 8

o

Impact of 2D NFRC vs. Reality

Heating Energy Demand

Spandrel Effective R-value

20

20% '

0‘!

'_\
~

20%

=
N

22%

GHG (kgCO,e/m?/yr)
> o ® b

N

o

B Climate Zone4 MW Climate Zone5 M Climate Zone 6

Greenhouse Gas Emissions

12%

R-10 R-5
Spandrel Effective R-value

# Climate Zone 4 HEClimate Zone 5 ® Climate Zone 6

4

12%

14%
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What does the future hold?

T 4

4



CODES CANADA

r“ \ "
/ National et
\_ Energy Code
‘of Canada for

Canadi

IECC

ANDARL

INTERNATIONAL
ENERGY CONSERVATION
CODE

ANSUASHRAE/IES Standard 90.1-2019
(Supersedes ANSUASHRAE/IES Standard 90.1.2016)
Inchudes ANSHASHRAEIIES addend isted in Appendix |

Energy Standard
for Buildings
Except Low-Rise

Residential Buildings
(I-P Edition)

WASHINGTON STATE
ENERGY CODE — COMMERCIAL PROVISIONS

BASED ON THE 2018 INTERNATIONAL ENERGY CONSERVATION CODE

2019

BUILDING ENERGY EFFICIENCY
STANDARDS FOR RESIDENTIAL
AND NONRESIDENTIAL
BUILDINGS
FOR THE 2019 BUILDING

ENERGY EFFICIENCY
STANDARDS

MASSACHUSETTS
ENERGY CODE

‘::.v o “'
b TR b = oo o g W

NEEWESYE QIR G T HY
VERGY CONSERVATION CODE

with ANSI/ASHRAE/IES STANDARD 90.1-2016 with AMENDMENTS

National
Level

4

State
Level
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Codes = Confusion

Classification

Opaque or Glazed?

Thermal Requirement

R-11 to R-307?

Calculation Method

Detailed analysis vs.
Tabulated values?




Spandrel Assemblies

i i

e Current systems = 20% to 40% worse than expected

* Current methods are inaccurate; no consensus on the appropriate
method to use

* Thermal performance cannot be verified on-site

Building energy use is higher than predicted during design, and so
are the energy/carbon costs for Owners

40% Glazing 50% Glazing %% Glazing

How do you properly size AC and heating if you do not understand the performance of your system?

CHARLES PANKOW
FOUNDATION

Building Innovation through Researc| h



Penalizing Building Owners

New York City's Local Law 97

Office Multifamily

Number of Properties Number of Properties
180 . 900 -
160 : 800 SS : FAIL
: .
: :
140 . 700 :
120 : 600 :
100 : 500 :
80 : 400 :
. .
: ]
:
60 : 300
:
40 E 200
) II - I III
PR PRSPPI PP LR 20 P PP PP P PR P PP LSPL PP FOP PRSP L PR PP FPRPLPLLL L2028 PPRPPIPPEPLPREERLPRPLPL PP POP
Percent below or above 2024 limit (%) Percent below or above 2024 limit (%)
Data: LL84 filtered for data guality, emissions, and energy Data: LL84 filtered for data guality, emissions, and energy

CHARLES PANKOW
FOUNDATION

Building Innovation through Research



Penalizing Building Owners

New York City's Local Law 97

Office Multifamily

Number of Properties Number of Properties
180 900

PASS FAIL

800

700
120 600
100 500
80 400
6 00
4 00
I I| - ol I||
l alsemnlen - _ , | : Illl----

PEPRPLL PP E PP PP LR L0 29 L PP PP PLPLPREIPPL PP PP PO

‘:%ﬂ,\"),\ﬂ f@“ ‘:(oﬂb":vﬂ 6:,.30 Q .@%OGJJ\DQ:q’D,fJ,.:D,;J“Ob‘D ‘;’260(‘96:'\0 ‘:%0%": """""""""

160

PASS : FAIL

140

o
W

o
[+

[
o
-

L
PSP

Limit Limit

Data: LL84 filtered for data quality, emissions, and energy Data: LLB4 filtered for data guality, emissions, and energy

Annual Fine* = $268 / CO.eq
*Assessed based on energy bills NOT modeled energy

Building Innovation through Research

CHARLES PANKOW
FOUNDATION



Penalizing Building Owners

High-rise all curtain wall building in NYC built ~2010
(projected fines based on 2021 utility data)

Annual Cost Summary

2024-2029 2030-2034 2035-2039 2040-2049 2050-
Utility Cost
Y $7,087463 $7,087,463 $7,087.463 $7,087463 $7,087463
Est Penalt
S $1,671,280 $3,852,136 $4.419,114 $4,994,812 $5.720,478
Total Cost
o $8,758,743 $10,939,599 $11,506,576 $12,082,274 $12,807,941
S14M
512M
S10M
£
a
oM
S4M
S2M

50

Utility Cost  [JJJ] Penalty



Existing Building Energy Disclosure Policies

U.S. City, County, and State Policies for Existing Buildings:

Seattle

Portland

. Evanston
Berkeley @ Reno, NV

San -

Francisc;

Brisban

Boulde,

Salt Lake City

San Jose

Los Angeles —.

San Diego —'
Chula Vista —.

Honolulu .

IMT
INSTITUTE

I l FOR MARKET
TRANSFORMATION

© Copyright 2023 Institute for Market Transformation. Updated 06/2023.

Des Moines

6 Evanston
‘ . NJ
Chicago

Indianapolis

Kansas
City, MO

Austin

Benchmarking required for public
and commercial buildings

Benchmarking and additional
actions required for public and
commercial buildings

St. Louis

Benchmarking, Transparency, and Beyond

Portland
South
" — Portland
Cambridge
'F.—— Boston

\id

Ann Arbor
. Pittsburgh L New York City
Philadelphia
r 4 Washington, DC
Columbus Montgomery Co, MD
y Takoma Park, MD
l Rockville, MD

Atlanta

Orlando
@  Miami
@ Benchmarking required for public,
commercial, and multifamily buildings
@® Benchmarking and additional

actions required for public, commercial,
and multifamily buildings

CHARLES PANKOW
FOUNDATION
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Codes & Design

2010s

1960s -1970s



Industry Need

A reliable and consensus-based thermal performance calculation procedure is required to:
- accurately assess current and new innovative spandrel designs.
- realize the objectives of the codes.

- not penalize well-intentioned Designers/Owners/Developers/Manufacturers.

Reduce Operational Energy and
Carbon Footprint of Buildings



Research Timeline

3to4
Years >

Phase 3 Phase 4

Phase 1 Phase 2

e Literature search Compute U Factors

«  Industry survey and Other Prepare Sp.andrel . Codeand ‘\\

«  Thermal modeling ) | Performan_ce Data Design Guidance > Standards R

« Define systems T erma for Various Document Adoption ;
modeling Spandrel Systems ,/

* Spec test program

e e m e mm - = /
Contracted Team: Contracted Team: Contracted Team: ASHRAE Special
SGH, RDH, MH w/ SGH, RDH, MH w/ SGH, RDH, MH w/ Project Publication
ORNL (test lab), ORNL (test lab), ORNL (test lab), w/ Contracted
LBNL LBNL LBNL Team
Phase 2 ‘ CHARLES PANKOW

Started Summer 2023 > BN



Close the Knowledge Gap

Oak Ridge National Laboratory

Type: Temperature
Unit: °F

65 Max
60
56
51

47
= 42
. 38
33
29
24
20
15
1
6
1.5 Min

J'—Exlem of Thermal Symmetry—l

Result: detailed data set on heat flow
through various components of spandrel
assemblies

CHARLES PANKOW
FOUNDATION

Building Innovation through Research



Stick-Built Curtain Wall

¢ Thermally-broken
aluminum captured
system

¢  Commonly used in
industry

* Individual components
installed on site

Window Wall (US)

e Thermally-broken
aluminum captured
system

* Supported on slab
edge, mullion above
and below slab

®»  Greater integration with
intermediate floor slab,
less space available for
insulation leading to
greater heat loss

Unitized Curtain Wall
o Thermally-broken

aluminum structural
glazed (S5G) system
Commonly used in
industry
Prefabricated panels
shipped to and
assemblies on site

Window Wall (Canadian)

o Thermally-broken
aluminum captured
system

* Significant integration
with intermediate floor
slab {more than US
window wall system)

*  More space for
insulation outboard of
slab, but still high heat

loss

Test Article #1

Veneer System

¢ Captured system with
wood or steel mullions

e Alternative to typical
curtain wall systems
with potentially less
heat loss

® Individual components
installed on site

Nex Generation High
Performance System
® Industry state of the art
high performance
systems
¢ Thermally-broken
aluminum systems with
insulation (R-40+)

4

CHARLES PANKOW
FOUNDATION

Building Innovation through Research



Whole-Life Carbon Study

Construct whole-building life cycle assessment
models of archetypal buildings in multiple locations.

Compare low and high embodied carbon curtain wall
systems to determine the impacts on global warming
potential.

Construct whole-building energy models of the same
archetypal buildings in the same locations to determine
impacts on operational carbon emissions.

Compare the carbon “investment” of higher
performing spandrel systems including trade-off
between high and low embodied carbon systems on
operational carbon.

Life Cycle Assessment of
Buildings: A practice Guide

R | Bl By

Ther Caron Lesdrmbip Foram

-

CHARLES PANKOW
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Engagement Opportunities

STAKEHOLDER
OUTREACH
INDUSTRY
SUPPORT B MATERIALS

KNOW-HOW

CHARLES PANKOW
FOUNDATION
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Committed Donations!

TRHASTAR YK

GLASS PRODUCTS ap

PERMASAATEELISA NGA

NATIONAL GLASS ASSOCIATION with GANA
GROUP

1lerracon

C()nsulting Engineers & Scientists

ENGINEERS
ARCHITECTS
MATERIALS SCIENTISTS

WIE

Wiss, Janney, Elstner Associates, Inc.




Leadership

e Letter of
Support

Sustainable
developme.nt Investment
opportunities * Financial Support
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Literature Review
THERMAL PERFORMANCE OF SPANDREL

ASSEMBLIES IN GLAZED WALL SYSTEMS
Ind ustry Su rvey Charles Pankow Foundation Research Grant RGA #04-22

Current State of Use —

3D CFD Modeling

Figure 15: CFD Simulation Geometry

I est I rog ra m ons, the model discretizes air volumes into a finite volume mesh to perform
like 2D FEA thermal simulation models, the air within the spandrel cavity was
led, as well as the connecting path through the curtain wall mullions,

nt openings in the gaskets, openings in the pressure plate, and openings in the

ure 16, ventilated ca spandrel cases, the openings were

connect the spandrel air volume from the exterior air volume (Figure 16, sealed
xterior and interior side of the assembly, 6 in. (152.4 mm) thick air layers were
Disconnected fully enclosed air volumes within the mullions and IGUs were

ids with equivalent average effective thermal conductivities to reduce simulation
red areas of Figure 16). This approach is adopted in ANSI/NFRC 100

plculations

. 2 n | . 3

[ i3 RDH e SGH =

Morrison Hershfield Corporation RDH Building Science Inc. Simpson Gumpertz & Heger Inc.

mis

Figure 16: CFD Simulation Air Volumes — Meshed vs. Solid Components

-32-
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1 - Literature Review



60

50

40

30

20

10

Literature Review

Publication Year

17
1 4 0
=
Prior 1980 1980's 1990's 2000's

12

2010 - 2015

2015 -
Present

Breakdown of Reviewed Documents by Publication Year

CHARLES PANKOW
FOUNDATION

Lab Testing, TOPICS
10
Field
Testing, 4 Thermal
simulation,
33

Condensation,
6

Design, 27

Breakdown of Reviewed Documents by Topic



Literature Review - Gaps in Literature

What are the impacts of contact resistance of components on thermal performance?
How does size and configuration impact spandrel thermal performance?

What are the impacts of various spandrel components on thermal performance?
What is the impact of adjacent assemblies on spandrel thermal performance?

How can the accuracy of 2D thermal simulation methods when compared to physical test
results be improved?

What is the accuracy of current industry standards and guidelines on simulating thermal
performance compared to physical testing?

o

CHARLES PANKOW
FOUNDATION
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