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Why should you care?

Roof .

& =S e OO
Floor ‘_ - “'.'.".'o'.i"' 0.0‘

po L Loss Fraction

Wall

= Code | RS | R10

53% | 38% | 24%

12% . 53%
Area Windows Heat loss
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Why should you care?

If this were well insulated

We wouldn’t need this
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High Performance Benefits
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kept outside in summer
and inside in winter
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Commercial Window Market Characterization

! Floor Area: 97B SF
l 139M SF window retrofit per year
[ 284M SF new construction
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2.4 million Single -Pane Commercial Buildings (40%)
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Significant
costincrease
over BAU

Insufficient
ROI on first
cost increase

Barriers to High

Barriers to

high-

Performance Window performance

Code
compliance is designs to

Adoption

risk drives

Project
delivery
methods

drive low
cost, status
quo

Project
design is
HVAC driven

FTI. High Performance Facades: Barriers to Widespread Adoption (2024)
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Blueprint to High Performance Window Adoption

Concept 2 :

Create tools and
programs to
communicate the overall
economic value of high -
performance facades

Concept 4 :

Ensure high -
performance curtain
wall /'window wall
systems and trained
installers are available

Concept 3:

Make windows the next

Amar bl e couat

must have for owners and
tenants alike

Concept 1:

Develop an above code
certification program for
high-performance facades

Concept 5::

Create/identify
certification programs
for practitioners

Concept 6 :

Increase facade
knowledge and
education across the full
value chain

Concept 9::

Implement strategies to
solve the retrofit
challenge

Concept 7 :

Create facade focused
incentive programs

Concept 10 :
Enhance domestic
supply chain
competitiveness

Concept 8 :

Deploy code related
recommendations

o~ L] L} L ] [ | L] ] L L] - L] L ] L] L] L] ]

,,,,,, sl Energy Technologies Area
BERKELEY LAB




----------------

Window evaluakions Multiple existing
tools provide

areny so much of &
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Commercial
I N e Secondary Windows
Savings Calculator

\

Credit: Jamie Kono -,
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Commercial Secondary

Window Savin gS Calculator COMMERCIAL SECONDARY WINDOWS SAVINGS CALCULATOR Low-rise Multifamily
TOO I Ver. 2.0.0 ﬂl3f2025

Information About Your Project

Free tool to estimate energy savings from projectname Low Rise Apartment Example
. Street City, State Zip Code
secondary window upgrades Project Address Raleigh NC
Mame Phone Email
Contact Information
5 App“es ({0) Annual Electric Energy Savings, kWh/yr — 73,953
] Offlce Annual Natural Gas Energy Savings, therms/yr ) -
Annual Energy Cost Savings, $/year massssssssssssm————) S 12,572
A H Otel Baseline Energy Use Intensity, kBtu/SF-year I 9.3
i School Savings, % and kBtu/SF-year 28.4% 12.6
1 Information About Your Building Location Information About Your Building
A H OS pltal Building Type Low-rise Multifamily
A M u Itl _fam I |y Project Location (State) Morth_Carolina Building Area, 5q.Ft. 20000
Project Location (City) Raleigh Mo. of Floors 2
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Back of the

Envelope
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1925/1990 2000

1967



1967 Building
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600,000 SF

25 Stories

Multitenant Commercial Office
Heating: Natural gas HW boilers
Cooling: Electric centrifugal chillers
Air Distribution: Central builtup AHUs
Interior VAV reheat

Perimeter CV induction units
Envelope: Single pane windows
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A HVAC modernization

Secondary Window | Floor space
Pers pectives A Thermal comfort



Secondary Window

Performance
Glass Type Uvalue SHGC
Original Window with retrofit Window with film 0.28 0.299
Original Window with film 1.12 0.393




Heat Load

Category (KBTUh) Comments
Ventilation Load Calculation per Tenant Floor /2 31°F to bb°F
Reheat Load Calculation per Tenant Floor 45 55°F to 70°F
_ Window with Winsert Plus,
Ei\;vr Envelope Load Calculation per Tenant 29 Inside Mount. Slate 40 on SS2
U = 0.266 Btu/hr - ft* - °F

Warmup Load Calculation per Tenant Floor 29 15% warmup factor
Total Heating Load Calculation per Tenant Floor

. 225 -
with New Envelope
Total Heating Load Calculation for Tenant Floors 5.401 )

2-24 with New Envelope

| oad Reduction A Existing Boiler Plant: 20,000kBTUh

A Heating Load w/out Retrofit: ~ 8,500kBTUh
A Heating Load w/Retrofit: 5,400kBTUh




1925/1990 Building

T I I TS0 IS0 I=o I=o I>o I=o _I=o

Built in 1925

Expanded/renovated 1990

700,000 SF

7 Stories

Multitenant Commercial Office

Heating: Natural gas HW boilers
Cooling: Electric centrifugal chillers

Air Distribution: VAV reheat

Original Envelope: Single pane windows
1925 Wing: Secondary window retrofit



A Noise

A Thermal comfort

Seconda_ry Window I Aging boiler plant
Perspectives



Capital Cost Comparison

$1.6 Million
$2.8 Million $3.4 Million

$4.4 Million $3.4 Million
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A 250,000 SF

A 23 Stories

A Multitenant Commercial Office

A Heating: Natural gas HW boilers

A Cooling: Electric centrifugal chillers
A Air Distribution: VAV reheat

A Envelope: Single pane windows
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Secondary Window
Perspectives

A Safety bars along windows
A Limited roof area
A District steam opportunity



1925/1990 2000

1967
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Pushing The Envelope: Coupling HVAC Upgrades with High Performance Building Envelopes

The Envelope, Please:
Unpacking Innovations in Whole -Building Retrofit Design

Bess Krietemeyer, F
Syracuse University
December 16, 2025










Syracuse

ge University

NET Y
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Market fragmentation

Project complexity and cost
Disjointed workflows

Disruption for residents

Bespoke, highly labor intensive, site-installed
methods, and do not yet provide solutions to
coordinate envel ope and
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Syracuse

Retrofit Goals University

Demonstrate an integrated whole -building
retrofit approach for single -family attached
homes in cold climates:

Retrofit Targets

Energy Efficient 0 75% thermal energy savings

Eliminate drafts and provide consistent
temperatures year-round; Maintain less
than 800ppm of CO,

Improved
Comfort & IAQ

Minimal Prefabricated with reduced time on site,
Disruption to with minimal interior work; minimize
Occupants interior maintenance and operations

Prefabricated with reduced time on site,

Cost-Effective cost, and disruption to occupants

Modular, pre-fabricated, coordination

Scalable :
between envelope and mechanicals

BESS KRIETEMEYER | © Syracuse UdikéaiyicatéLC, Cycle Architecture + PlaiaitegyEngineerin@ignetrgrall rights reserved



Retrofit Goals

Syracuse
University

Demonstrate an integrated whole -building
retrofit approach for single -family attached
homes in cold climates:

Retrofit Targets

Energy Efficient 0 75% thermal energy savings

Eliminate drafts and provide consistent
temperatures year-round; Maintain less
than 800ppm of CO,

Improved
Comfort & IAQ

Minimal Prefabricated with reduced time on site,
Disruption to with minimal interior work; minimize
Occupants interior maintenance and operations

Prefabricated with reduced time on site,

Cost-Effective cost, and disruption to occupants

Modular, pre-fabricated, coordination

Scalable :
between envelope and mechanicals

Key Elements of the Approach:

Coordinated systems

Building envelopes with compatible HVAC
systems to capture energy, installation,
and maintenance efficiencies

Designed from the outside in
Limit interior installation work,
maintenance + operations

Integrated design delivery
Coordination and collaboration across
teams and trades from pre-retrofit
assessment to Cx

BESS KRIETEMEYER | © Syracuse UdikéaiyicatéLC, Cycle Architecture + PlaiaitegyEngineerin@ignetrgrall rights reserved



Demonstration Buildings / Syracuse UnlverS|ty Student Apartments OJracuse

University

\(?-._...,..-- — - | . !,A BEL L R

Two identical apartment buildings, constructed 1972
Single-family attached / townhouse style

Eight, 2-bedroom units each

Modular precast concrete + wood-framed walls
Electric resistance baseboard heating

No mechanical cooling or ventilation

| b im™ ¥ \
r "_ '\‘ “!' !
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Technical Approach / Integrated Innovations Unacuse

Whole -building retrofit approach is based on the principle of:

+
)
Mechanical pods and-—~
chase distribution
systems
1 2 3
Capturing accurate 3D building Reducing the space heating and Meeting the reduced space heating
information for retrofit design cooling loads by insulating the and cooling loads with a high -
configuration, fabrication and building with prefabricated exterior efficiency integrated mechanical
installation envelope panels for improved thermal pod solution for heating, cooling,
performance and airtightness ventilation, and DHW

BESS KRIETEMEYER | © Syracuse UdikéaiyicatéLC, Cycle Architecture + PlaiaitegyEngineerin@ignetrgrall rights reserved



Syracuse

Technical Approach / Key Scanning Workflow Features University

Signetron 3D Scanning + Design Workflow Features

Fast 3D building information capture, taking into account building imperfections
Verified accuracy on BEST lab to be 0.01 foot or relative error of 0.14%

Output 3D mesh used in design, fabrication, and installation,

Panel layout configuration & conflict resolution software supports design & fabrication
Provides more automated, cost-effective approach and reduces onsite retrofit time

I=o I=o I=o ISo Too

3D pointcloud Wireframe 3D mesh with Deviation map Automated panel layout

BESS KRIETEMEYER | © Syracuse UdikéaiyicatéLC, Cycle Architecture + PlaiaitegyEngineerin@ignetrgrall rights reserved



Syracuse

Technical Approach /Key Envelope Features University

Exterior Insulated Panel System

Prefabricated, insulated (R-27) EPS foam panel system
Provides varying thicknesses (60-7-1/20) for integration with existing wall construction

A

A

k  Acts as barrier system; sealant and backer rod for continuous seal

A Air-sealing at seams and penetrations for mechanicals, windows, doors, foundation

Prefabricated
insulated exterior
panels

Typical Hori al Connection {Sectio

/] j\
8 A ~ .

|
N

Vertical Connection (Plan

e peh Overay Cementitious
2 _~—Coating
Finish
Colored
-EPS Foam Layer

BESS KRIETEMEYER | © Syracuse UdikéaiyicatéLC, Cycle Architecture + PlaiaitegyEngineerin@ignetrgrall rights reserved



Syracuse

Technical Approach /Key Envelope Features University
N ‘\I High -Performance Windows and Rear Doors

A New triple-paned casement windows, rear doors and sidelites by Intus

d J ‘ A Operable windows with uPVC frames
Inswing rear glass doors w/ security screens

m DJ e NEW HIGH-PERFORMANCE

. e

Hl‘ & - E EDDJ
TRILE-PANE WINDOWS - B 1T [[] i
N 3

L
3l
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Syracuse

Technical Approach /Key Mechanical Features University

TKFabricate Mechanical Hydropod + Distribution Systems

High-efficiency heating, cooling, hot water, energy recovery ventilation

Sized based on reduced loads from panels

Low Global Warming Potential (GWP) refrigerants

Access doors and real-time performance monitoring with off-site fault detection and diagnosis
Operating temperatures of -17° Fto 122° F ‘

Mechanical pods and—~
chase distribution

systems 5 -

T=o T=o Iso Iso o

Vertical chase framing wrapped in
insulation panels

Hydronic water supply and retum
DHW mixed hot-out and cold-in

Electrical conduit

Air-to-water heat pump and ERV
exhaust

Pod base with aluminum frame and
insulation panels with access doors

BESS KRIETEMEYER | © Syracuse UdikéaiyicatéLC, Cycle Architecture + PlaiaitegyEngineerin@ignetrgrall rights reserved



Syracuse

Methodology / Designing, sequencing, monitoring, validating, engaging University
Planning Pre-Installation Installation Validation
Winter 2022¢ Spring 2024 Spring 2023, Fall 2024 Summer 2024, Fall 2024 Fall 2024¢ Spring 2026
A Design and Engineering A Installation of Retrofits on Two Apartment A PostRetrofit Monitoring and
k' Assessment : . .
: A Energy Modeling Buildings Modeling
A Scanning N S .
. . A Bidding A Startup and Commissioning A Analyze Installation Process,
k' Pre-Retrofit Monitoring 1 ValueEngineeri 5 Mai ) :
I Resident Surveys alueEngineering Malr_ltenance Planning Tlm_e and Cost
A Permitting A Resident Engagement A Resident Surveys

BESS KRIETEMEYER | © Syracuse UdikéaiyicatéLC, Cycle Architecture + PlaiaitegyEngineerin@ignetrgrall rights reserved



Syracuse

Methodology / Measurement and Verification University

Monitoring Scopes:
INDOOR ENVIRONMENTAL AIR

. . QUALITY RESEARCH detects the status of
A Whole-building energy use AT LAMBRETH LANE el
A Interior environmental quality .

A Building envelope performance oy || @

S
A\

A Building occupancy and activity e S ‘%J

opened without using

% IEQ Sensor
N

/|
/i ||

any image detection
Indoor Enviranmental
I Alr Quality sensors
1 f | measure indoaor air
I | poliutants and
provides electhricity e humidity

to sensors
LAMBRETH LANE RESEARCH APARTMENT

Healthy Comfortable Crasm

Retrofit s
Design Goals [ | A

Occupancy
Sensor v

N

,F : | =

frack environmental
conditions on the
exterior and interior

Energy Efficient CONTACT

Professor Bess Kritemeyer Office of Student Life
School of Architecture Office of Student Life
eakriete@syr.edu joersont@syr.edu

BESS KRIETEMEYER | © Syracuse UdikéaiyicatéLC, Cycle Architecture + PlaiaitegyEngineerin@ignetrgrall rights reserved



Methodology / Design Drivers

Syracuse

University
Constraints and Iterative Design Approach |
Meets the project budget
Fixed construction window < 3 months o oo

Minimize penetrations of existing building
Easy access for maintenance
Design for sloped site

< < K< K< < <

Match color scheme of surrounding buildings

S WINOOWs for Deter solor hea!
contol and no cokd drafts

Now high-eflicioncy mechanicol podt
- 1o hooling, OF-CoNCNOnNNg. onedgy
> recovery vensialion, ond hot wober
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Syracuse

Methodology / Bidding + Value-Engineering University

Envelope was key to achieving energy savings at minimal cost

k Initial bids were significantly higher than what was budgeted in our proposal due to schedule, lack of clarity, and assumed risk

k VE process required switching panel provider and barrier strategy, but gained greater cost-savings, faster delivery, and
maintained energy savings target

Originally proposed budget for ———— |
retrofitting two buildings |
I
I
[
l
l
l
I
I
$0 $1M $1.5M $2M $2.5M $3M $3.5M $4M $4.5M

*Totals include costs of manufacturing, delivering, and installing novel mechanical pod system at prototype scale™

BESS KRIETEMEYER | © Syracuse UdikéaiyicatéLC, Cycle Architecture + PlaiaitegyEngineerin@ignetrgrall rights reserved



Syracuse

Methodology / Bidding + Value-Engineering University

Envelope was key to achieving energy savings at minimal cost

k Initial bids were significantly higher than what was budgeted in our proposal due to schedule, lack of clarity, and assumed risk

k VE process required switching panel provider and barrier strategy, but gained greater cost-savings, faster delivery, and
maintained energy savings target

Originally proposed budget for ———— |
retrofitting two buildings I

i Energy Savings

Original Scope | 17% | ‘ ‘ 77% (modeled)
l
l
I
|

$0 $1M $1.5M $2M $2.5M $3M $3.5M $4M $4.5M

Installed Cost of Exterior Envelope System

*Totals include costs of manufacturing, delivering, and installing novel mechanical pod system at prototype scale™
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Syracuse

Methodology / Bidding + Value-Engineering University

Envelope was key to achieving energy savings at minimal cost

k Initial bids were significantly higher than what was budgeted in our proposal due to schedule, lack of clarity, and assumed risk

k VE process required switching panel provider and barrier strategy, but gained greater cost-savings, faster delivery, and
maintained energy savings target

Originally proposed budget for ———— |
retrofitting two buildings I
i Energy Savings
Original Scope | 17% I 77% (modeled)
VE Scope | 11% ' 77% (modeled)
I
i
$0 $1M $1.5M $2M $2.5M $3M $3.5M $4M $4.5M

Installed Cost of Exterior Envelope System

*Totals include costs of manufacturing, delivering, and installing novel mechanical pod system at prototype scale™
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Syracuse

Methodology / Bidding + Value-Engineering University

Envelope was key to achieving energy savings at minimal cost

k Initial bids were significantly higher than what was budgeted in our proposal due to schedule, lack of clarity, and assumed risk

k VE process required switching panel provider and barrier strategy, but gained greater cost-savings, faster delivery, and
maintained energy savings target

Originally proposed budget for ———— |
retrofitting two buildings I
i Energy Savings
Original Scope | 17% I 77% (modeled)
VE Scope | 11% 77% (modeled)
Actual Costs |12% I 76% (field-measured)
L
$0 $1M $1.5M $2M $2.5M $3M $3.5M $4M $4.5M

Installed Cost of Exterior Envelope System

*Totals include costs of manufacturing, delivering, and installing novel mechanical pod system at prototype scale™
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Methodology / Bidding + Value-Engineering O,

Initial bids were significantly higher than what was budgeted in our DOE Phase 2 proposal

PROPOSA pummm .
BUDGE"

S- $500,000 $1,000,000 $1,500,000 $2,000,000 $2,500,000 $3,000,000 $3,500,000 $4,000,000 $4,500,000

ECM mGC HVAC = Electrical mPlumbing mEnclosure

INITIAL BIDS I N .

S- $500,000 $1,000,000 $1,500,000 $2,000,000 52,500,000 $3,000,000 $3,500,000 $4,000,000 54,500,000
m GENERAL CONDITIONS m EXISTING CONDITIONS CONCRETE
METALS m'WOOD AND PLASTICS m BOARD INSULATION
m WALL PANELS m VERTICAL CHASE m ROOFING
m JOINT SEALANTS B OPENINGS B FINISHES
m SPECIALTIES HVAC ELECTRICAL
EARTHWORK EXT IMPROVEMENTS CONTRACTORS CONTINGENCY

m OVERHEAD AND PROFIT (Incl.VIP fees) m BUILDING PERMIT FEE (ALLOWANCE) m SU: ABATEMENT/ITS/OWNER'S COSTS

BESS KRIETEMEYER | © Syracuse UdikéaiyicatéLC, Cycle Architecture + PlaiaitegyEngineerin@ignetrgrall rights reserved



Methodology / Bidding + Value-Engineering O,

Initial bids were significantly higher than what was budgeted in our DOE Phase 2 proposal

PROPOSA pummm .
BUDGE"

S- $500,000 $1,000,000 $1,500,000 $2,000,000 $2,500,000 $3,000,000 $3,500,000 $4,000,000 $4,500,000

ECM mGC HVAC = Electrical mPlumbing mEnclosure

INITIAL BIDS I N .

VE SCOP Ep | N

S- $500,000 51,000,000 $1,500,000 52,000,000 52,500,000 &3,000,000 53,500,000 54,000,000 54,500,000
B GENERAL CONDITIONS m EXISTING CONDITIONS CONCRETE
METALS u WOOD AND PLASTICS ® BOARD INSULATION
mWALL PANELS mVERTICAL CHASE m ROOFING
® JOINT SEALANTS W OPENINGS ® FINISHES
® SPECIALTIES HVAC ELECTRICAL
EARTHWORK EXT IMPROVEMENTS CONTRACTORS CONTINGENCY

m OVERHEAD AND PROFIT [Incl.vIP fees) m BUILDING PERMIT FEE (ALLOWANCE) m 5U: ABATEMENT/ITS/OWNER'S COSTS

BESS KRIETEMEYER | © Syracuse UdikéaiyicatéLC, Cycle Architecture + PlaiaitegyEngineerin@ignetrgrall rights reserved



Installation / Envelope Foundation + Wall Panels Unacuse

BESS KRIETEMEYER | © Syracuse UdikéaiyicatéLC, Cycle Architecture + PlaiaitegyEngineerin@ignetrgrall rights reserved












































https://cplusc.zoom.us/webinar/register/9117658313654/WN_cg9bsEqdTqGwphPCWhxmFw
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