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Existing Commercial Building 

Efficiency: Donôt forget the Windows!

Why HVAC Retrofits in Existing Buildings Requires a Look at Windows

Robert Hart
rghart@lbl.gov
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Why should you care?



Why should you care?

Image Source: Chris Mackey at Payette Architects 



High Performance Benefits

Uncomfortable area due to cold window surface temperatures

Single pane ENERGY STAR Triple pane

Uncomfortable area due to cold window surface temperatures

Single pane ENERGY STAR Triple pane

Single-pane Triple-pane

ELIMINATE uncomfortable area

Energy

Health

Maintenance



Commercial Window Market Characterization

2.4 million Single -Pane Commercial Buildings (40%)

Floor Area: 97B SF 

139M SF window retrofit per year

284M SF new construction



Barriers to High 

Performance Window 

Adoption

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



Blueprint to High Performance Window Adoption

Concept 1 : 

Develop an above code 
certification program for 
high-performance façades

Concept 2 : 

Create tools and 
programs to 

communicate the overall 
economic value of high -

performance façades

Concept 3 : 

Make windows the next 
ñmarble countertopò ï a 
must have for owners and 

tenants alike

Concept 4 : 

Ensure high -
performance curtain 
wall / window wall 

systems and trained 
installers are available

Concept 5 :

Create/identify 
certification programs 

for practitioners

Concept 6 : 

Increase façade 
knowledge and 

education  across the full 
value chain

Concept 7 : 

Create façade focused 
incentive programs 

Concept 8 : 

Deploy code related 
recommendations

Concept 9 :

Implement strategies to 
solve the retrofit 

challenge

Concept 10 :

Enhance domestic 
supply chain 

competitiveness



Multiple existing 
tools provide 
resources or 
calculators for 
window evaluations.

Commercial 
Secondary Windows 
Savings Calculator

Credit: Jamie Kono





Commercial Secondary 
Window Savings Calculator 

Tool

Free tool to estimate energy savings from 

secondary window upgrades

ǒ Applies to 

Å Office

Å Hotel

Å School

Å Hospital

Å Multi -family
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1967 1925/1990 2000



1967 Building
Å 600,000 SF

Å 25 Stories

Å Multitenant Commercial Office

Å Heating: Natural gas HW boilers

Å Cooling: Electric centrifugal chillers

Å Air Distribution: Central built-up AHUs

Å Interior VAV reheat

Å Perimeter CV induction units

Å Envelope: Single pane windows



Spandrel т No Brainer



Secondary Window 
Perspectives

Å HVAC modernization

Å Floor space

Å Thermal comfort



Secondary Window 
Performance



Load Reduction Å Existing Boiler Plant:  20,000 kBTUh
Å Heating Load w/out Retrofit:    8,500 kBTUh
Å Heating Load w/Retrofit:    5,400 kBTUh



1925/1990 Building
Å Built in 1925

Å Expanded/renovated 1990

Å 700,000 SF

Å 7 Stories

Å Multitenant Commercial Office

Å Heating: Natural gas HW boilers

Å Cooling: Electric centrifugal chillers

Å Air Distribution: VAV reheat

Å Original Envelope: Single pane windows

Å 1925 Wing: Secondary window retrofit



Secondary Window 
Perspectives

Å Noise

Å Thermal comfort

Å Aging boiler plant



Capital Cost Comparison

ENVELOPE + HEAT 
PUMPS

33% HIGHER CAPACITY 
HEAT PUMPS

Envelope $1.6 Million ---

Heat Pumps $2.8 Million $3.4 Million

Total $4.4 Million $3.4 Million



2000 Building

Å 250,000 SF

Å 23 Stories

Å Multitenant Commercial Office

Å Heating: Natural gas HW boilers

Å Cooling: Electric centrifugal chillers

Å Air Distribution: VAV reheat

Å Envelope: Single pane windows



Secondary Window 
Perspectives

Å Safety bars along windows

Å Limited roof area

Å District steam opportunity



1967 1925/1990 2000
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Challenge

Existing retrofit approaches:

Å Market fragmentation

Å Project complexity and cost

Å Disjointed workflows

Å Disruption for residents

Å Bespoke, highly labor intensive, site-installed 
methods, and do not yet provide solutions to 
coordinate envelope and mechanical upgradesé.
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Retrofit Goals

Demonstrate an integrated whole -building 

retrofit approach for single -family attached 

homes in cold climates:

40

Criteria Retrofit Targets

Energy Efficient Ó  75% thermal energy savings 

Improved 

Comfort & IAQ

Eliminate drafts and provide consistent 

temperatures year-round; Maintain less 

than 800ppm of CO2

Minimal 

Disruption to 

Occupants

Prefabricated with reduced time on site, 

with minimal interior work; minimize 

interior maintenance and operations

Cost -Effective
Prefabricated with reduced time on site, 

cost, and disruption to occupants

Scalable
Modular, pre-fabricated, coordination 

between envelope and mechanicals



BESS KRIETEMEYER   |   © Syracuse University, TKFabricate, LLC, Cycle Architecture + Planning, Taitem Engineering, Signetron, all rights reserved

Retrofit Goals

Demonstrate an integrated whole -building 

retrofit approach for single -family attached 

homes in cold climates:
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Criteria Retrofit Targets

Energy Efficient Ó  75% thermal energy savings 

Improved 

Comfort & IAQ

Eliminate drafts and provide consistent 

temperatures year-round; Maintain less 

than 800ppm of CO2

Minimal 

Disruption to 

Occupants

Prefabricated with reduced time on site, 

with minimal interior work; minimize 

interior maintenance and operations

Cost -Effective
Prefabricated with reduced time on site, 

cost, and disruption to occupants

Scalable
Modular, pre-fabricated, coordination 

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
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Demonstration Buildings / Syracuse University Student Apartments

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
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+ +

1

Capturing accurate 3D building 

information for retrofit design 

configuration, fabrication and 

installation

2

Reducing the space heating and 

cooling loads by insulating the 

building with prefabricated exterior 

envelope panels for improved thermal 

performance and airtightness

3

Meeting the reduced space heating 

and cooling loads with a high -

efficiency integrated mechanical 

pod solution for heating, cooling, 

ventilation, and DHW

43

Technical Approach / Integrated Innovations

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

44

Technical Approach / Key Scanning Workflow Features

Signetron  3D Scanning + Design Workflow Features

Å Fast 3D building information capture, taking into account building imperfections 

Å Verified accuracy on BEST lab to be 0.01 foot or relative error of 0.14%

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

Å Panel layout configuration & conflict resolution software supports design & fabrication 

Å Provides more automated, cost-effective approach and reduces onsite retrofit time

3D mesh with Deviation map3D pointcloud Automated panel layout 
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Technical Approach / Key Envelope Features

Å Prefabricated, insulated (R-27) EPS foam panel system

Å Provides varying thicknesses (6ò-7-1/2ò) for integration with existing wall construction 

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

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

Exterior Insulated Panel System
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Technical Approach / Key Envelope Features

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

Å Operable windows with uPVC frames

Å Inswing rear glass doors w/ security screens

High -Performance Windows and Rear Doors
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Technical Approach / Key Mechanical Features

TKFabricate  Mechanical Hydropod  + Distribution Systems

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

Å Sized based on reduced loads from panels

Å Low Global Warming Potential (GWP) refrigerants

Å Access doors and real-time performance monitoring with off-site fault detection and diagnosis

Å Operating temperatures of -17° F to 122° F
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Planning
Winter 2022 ς Spring 2024

Pre-Installation
Spring 2023 ς Fall 2024

Installation
Summer 2024 ς Fall 2024

Validation
Fall 2024 ς Spring 2026

Å Assessment
Å Scanning
Å Pre-Retrofit Monitoring
Å Resident Surveys

Å Design and Engineering
Å Energy Modeling
Å Bidding
Å Value-Engineering
Å Permitting

Å Installation of Retrofits on Two Apartment 
Buildings

Å Start-up and Commissioning
Å Maintenance Planning
Å Resident Engagement

Å Post-Retrofit Monitoring and 
Modeling

Å Analyze Installation Process, 
Time and Cost

Å Resident Surveys

48

Methodology / Designing, sequencing, monitoring, validating, engaging
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Methodology / Measurement and Verification

49

Monitoring Scopes:

Å Whole-building energy use

Å Interior environmental quality

Å Building envelope performance

Å Building occupancy and activity
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Constraints and Iterative Design Approach

VMeets the project budget

V Fixed construction window < 3 months

VMinimize penetrations of existing building

VEasy access for maintenance

VDesign for sloped site

VMatch color scheme of surrounding buildings

50

N

Methodology / Design Drivers
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Envelope was key to achieving energy savings at minimal cost

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

Å VE process required switching panel provider and barrier strategy, but gained greater cost-savings, faster delivery, and 

maintained energy savings target

Methodology / Bidding + Value-Engineering

51
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Initial bids were significantly higher than what was budgeted in our DOE Phase 2 proposal

PROPOSAL 
BUDGET

INITIAL BIDS

Methodology / Bidding + Value-Engineering

55
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PROPOSAL 
BUDGET

INITIAL BIDS

VE SCOPE

Methodology / Bidding + Value-Engineering

56

Initial bids were significantly higher than what was budgeted in our DOE Phase 2 proposal
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Installation / Envelope Foundation + Wall Panels
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