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Disclaimer 
This work was prepared as an account of work sponsored by an agency of the United States 

Government. Neither the United States Government nor any agency thereof, nor any of their 

employees, nor any of their contractors, subcontractors or their employees, makes any warranty, 

express or implied, or assumes any legal liability or responsibility for the accuracy, 

completeness, or any third partyôs use or the results of such use of any information, apparatus, 

product, or process disclosed, or represents that its use would not infringe privately owned rights. 

Reference herein to any specific commercial product, process, or service by trade name, 

trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 

recommendation, or favoring by the United States Government or any agency thereof or its 

contractors or subcontractors. The views and opinions of authors expressed herein do not 

necessarily state or reflect those of the United States Government or any agency thereof, its 

contractors or subcontractors. 
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Executive Summary 
The U.S. building stock is responsible for 75% of total U.S. electricity use, 40% of energy use, 

and 35% of CO2 emissions (EIA 2021). To meet bold national climate change goals, the U.S. 

must decarbonize the building stock by 2050 (Fisler et al. 2021, SDSN & FEEM 2021, Mahajan 

2019, Leung, 2018). However, todayôs practices to build or renovate buildings to low-carbon, 

high-performance levels are generally labor intensive, disruptive, and too costly to quickly scale 

in the U.S. To retrofit 80% of the U.S. building stock in the U.S. by 2050, the retrofit rate will 

need to increase by about 15 times for residential buildings and two times for commercial 

buildings (Nadel and Hinge 2020, EIA 2019, Census 2019, EIA 2015). Additionally, there is a 

major housing deficit in this country where nearly 600,000 people lack adequate or stable shelter, 

and the pace of construction is not keeping up with the growing demand (HUD 2022).  

New, more industrialized,1 replicable, and technologically driven approaches to renovation and 

new building construction are imperative to help meet such significant national needs and 

achieve the necessary speed and scale to meet national building decarbonization goals.  

Advanced Building Construction 

Initiative 

The U.S. Department of Energyôs (DOEôs) 

Building Technologies Office (BTO) seeks 

to develop, demonstrate, and accelerate the 

adoption of cost-effective technologies, 

techniques, and tools in support of an 

equitable transition to a decarbonized 

building stock and energy system by 2050. 

BTO launched the Advanced Building 

Construction (ABC) Initiative, including an 

industry-led ABC Collaborative, in 2019 to 

work directly with industry to address the 

opportunities and challenges stated earlier 

and encourage the integration of high-

performance and low-carbon building 

approaches into new and ongoing industry 

modernization efforts.  

The ABC Initiative focuses on scaling the 

renovation and construction of low-carbon, 

appealing, and affordable U.S. residential 

and commercial buildings through more 

industrialized construction innovations and 

solutions. This includes addressing gaps and 

 
1 Industrialization of an industry means to streamline it in a way that is reproducible at scale. In this case, 

industrialization could refer to streamlining product manufacturing, system manufacturing, business models, sales, 

and workforce, as well as installation. 

Major research-related achievements to date for 

the ABC Initiative include:  

¶ Awarded $26.3M in 2020 to 40 

competitively selected projects led by 29 

different organizations  

¶ Awarded $32M in 2022 t o fund over 30 

projects that demonstrate and validate 

processes that impact the whole building 

¶ Published the Market Opportunities and 

Challenges for Decarbonizing US Buildings 

report to aid industry 

¶ Published the Residential U.S. National 

Building Characterization Study and 

dashboard, a first of its kind analysis in the 

U.S. and in use by industry and state and 

federal entities 

¶ Engaged 194+ industry stakeholders in a 

series of workshops to identify RD&D and 

tech scaling gaps and opportunities to 

inform public and private investments 

¶ Collaborated with states including CA, NY, 

and MA, and federal agencies such as HUD 

to align investments and identify needs 

https://www.eia.gov/outlooks/aeo/tables_ref.php
https://advancedbuildingconstruction.org/decarbonizing-us-buildings/
https://roadmap2050.report/buildings/
https://www.forbes.com/sites/energyinnovation/2019/11/05/reaching-us-net-zero-emissions-by-2050-decarbonizing-buildings/?sh=7138eba2569d
https://www.forbes.com/sites/energyinnovation/2019/11/05/reaching-us-net-zero-emissions-by-2050-decarbonizing-buildings/?sh=7138eba2569d
https://www.c2es.org/wp-content/uploads/2018/06/innovation-buildings-background-brief-07-18.pdf
https://www.aceee.org/sites/default/files/pdfs/buildings_standards_6.22.2020_0.pdf
https://www.eia.gov/outlooks/aeo/data/browser/#/?id=4-AEO2019&region=0-0&cases=ref2019&start=2017&end=2050&f=A&linechart=ref2019-d111618a.4-4-AEO2019~ref2019-d111618a.5-4-AEO2019~ref2019-d111618a.6-4-AEO2019~ref2019-d111618a.7-4-AEO2019&map=&sourcekey=0
https://www.census.gov/programs-surveys/ahs/data/interactive/ahstablecreator.html?s_areas=00000&s_year=2019&s_tablename=TABLE0&s_bygroup1=4&s_bygroup2=1&s_filtergroup1=1&s_filtergroup2=1
https://www.eia.gov/consumption/commercial/reports/2012/buildstock/
https://files.hudexchange.info/reports/published/CoC_PopSub_NatlTerrDC_2022.pdf
https://advancedbuildingconstruction.org/
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creating handoffs from individual technology research and development to the development, 

demonstration, commercialization, and deployment of innovative, scalable approaches that lead 

to buildings with the following key attributes: 

High-performance, low energy use with a low-carbon footprint (operational and 

embodied). 

Reducing lifecycle carbon emissions can be achieved through two means: reducing 

operational carbon emissions (e.g., ongoing energy use reduction in general as well as 

electrification to reduce emissions) and reducing embodied carbon emissions (e.g., 

reduced use of carbon-intensive materials such as steel, concrete, and certain types of 

insulation as well as reduced intensity of manufacturing processes for products). 

 Affordable to developers, owners, and tenants 

Reducing the first cost,2 especially soft costs, of building decarbonization approaches 

compared with the current business as usual will be critical for innovations. In general, 

the costs discussed in this report should compress at each major stage of innovation 

development, including during research and development, technology scaling (e.g., more 

optimized factory layout), and market scaling (e.g., higher volume sales).  

Faster construction and less invasive to occupants, easier to implement renovation 

for contractors with less training required 

Business as usual renovation and construction costs are typically dominated by labor due 

to the customization required for every project. To achieve the volume required to meet 

national climate goals in a relatively short timeline, this process needs to be quicker and 

more streamlined without sacrificing the quality or safety of the installation or the needs 

of the workforce. 

Added value  

There are several non-energy-related benefits that can increase the appeal and resulting 

economic value of the building (for both owners and occupants) including aesthetics, 

comfort, health, durability, resilience (possibly providing insurance premium discounts), 

ease of use, convenience (e.g., occupants not displaced during remodel, so rent can 

continually be charged), and grid services (e.g., load shifting capabilities that enable 

utilities to make better use of renewable energy resources).  

The ABC Initiative aims to industrialize construction and renovation process innovations across 

the supply and delivery chain as illustrated in Figure E.1. Because the residential and commercial 

building segments account for 70% of total US electricity consumed and 42% of total US energy 

consumed of which heating, cooling, ventilation, and water heating loads (classified in this 

document as thermal loads) are the largest loads (EIA 2022b), it is critical to prioritize 

development of more scalable, industrialized solutions for retrofit packages that include envelope 

upgrades to reduce the thermal loads in buildings. The ABC Initiative emphasizes approaches 

that reduce the installation time and cost and increase the value proposition of such retrofits.  

 
2 In the future, incentives, financing mechanisms, maintenance costs, and the added value to the property will be part 

of the affordability equation. However, without those details available at this time, first cost (e.g., cost of purchase 

and install) will be used as a reference to affordability for this version of the document.  

https://www.eia.gov/outlooks/aeo/tables_ref.php
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In addition to streamlining construction delivery and reducing costs and carbon emissions, 

BTOôs ABC Initiative aims to provide safer, more desirable (e.g., increased wages, more 

consistent work, less physically demanding) jobs for our country, and prioritize environmental 

justice and equity and diversity to focus on historically under-resourced communities or market 

segments at the state and local levels. Preliminary analysis shows that the ABC Initiative can 

help contribute to a savings of approximately 92 million metric tons of CO2 annually and result 

in approximately $17 billion in annual utility bill savings in just the U.S. residential building 

stock.3  

Figure E.1. Innovation across the supply chain + streamlined delivery  

No one entity will  reach such ambitious building decarbonization savings and goals alone. For 

this reason, BTO is partnering with other key federal, state, and local agencies as well as private 

and nonprofit leaders including through the ABC Collaborative. The ABC Collaborative helps 

align key stakeholders and create bridges between public and private sector funding to help 

speed commercialization and mass market adoption of innovative processes and approaches.  

ABC Research Opportunities Report  

This Research Opportunities Report specifically identifies the challenges and R&D opportunities 

to innovations that support the industrialization of whole building retrofits and rapid growth of 

low carbon new construction. The content relates to the industrialization of processes associated 

with new building construction and renovation and how technology innovation supports process 

enhancement. Table E.1 shows the primary focus areas of this report to further industrialize 

related innovations ï indutrialization of envelope improvements and equipment installation.  

This report cross-applies innovations in both the new and existing building sectors with a focus 

on widescale applicability. Installation flexibility  is key to commoditizing solutions that are 

applicable for a wide variety of buildings and to help simplify decarbonization processes for the 

workforce.  

The innovations listed in Table E.1 were identified through primary and secondary research as 

well as stakeholder input through a series of public meetings (see Appendix A for more details). 

This table summarizes the primary innovations covered in this report and the goal areas that the 

innovative solution aims to help achieve. 

 
3 See Section 1.3 for more detail. Note, this analysis is in progress. Commercial building information will be added 

when it is available.  

https://advancedbuildingconstruction.org/
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Table E.1. Summary of ABC Primary Innovations in Report 

Innovation 

Category 

Primary 

Innovation 
Current State Innovation Goals Value Added 

 

Industrialization 

of Envelope 

Improvements 

Insulation 

and Air 

Sealing for 

Existing 

Building 

Cavities 

¶ Solutions are costly, 

disruptive, and not viable 

across climates, building 

types 

¶ Improved methods are 

needed to assess existing 

conditions and quality 

check installation 

¶ Costs less than 

$1,000 for average 

single-family homes 

¶ Installs: 1-2 days for 

single-family homes, 8-

10 apartment units 

per day, or Ò8 days for 

small-medium 

commercial buildings 

Convenience, 

Comfort, and 

Resilience 

Wall and 

Window 

Panel 

Systems 

¶ Insulating panels are only 

available for new 

construction 

¶ Panel connection points 

are not easy/fast to install 

or universal 

¶ Cost Ò$10/sq. ft. 
installed 

¶ Installed on typical 

home in Ò7 days, 

small commercial 

building in Ò15 days 

Aesthetics 

and 

Resilience 

Adding 

Exterior 

Insulation 

When 

Residing 

¶ Insulating panels are only 

available for new 

construction 

¶ Panel connection points 

are not easy/fast to install  

or universal 

¶ Cost Ò$1/sq. ft. 
installed 

 

Convenience, 

Comfort, and 

Resilience 

Streamlining 

High 

Performance 

Window 

Installation 

¶ Window installation is 

labor- and time-intensive 

(not automated) 

¶ Air and water sealing and 

retrimming is labor- and 

time-intensive 

¶ Window, trim, and 

sealant installed in 

less than 10 minutes 

¶ Costs are equivalent to 

onsite trimming (about 

$1,800 for a 2,000 sq. 

ft. building) 

Resilience 

 

Industrialization 

of Equipment 

Installation 

Improved 

Duct Retrofit 

Process 

¶ Insulation and air sealing is 

time-intensive and 

expensive 

¶ Aerosolized sealant is 

relatively fast, and 

relatively expensive 

¶ Cost Ò$0.75/sq. ft. 
installed 

¶ Installed in less than a 

day for a typical home 

Comfort 

Wall Panels 

with 

Mechanical 

System 

Integration 

¶ In RD&D phases ð not yet 

available in the U.S. 

¶ Can also include integrated 

PV 

¶ Cost reduced 

compared to separate 

systems 

Less 

Disruptive 

Install, 

Comfort, 

Resilience 

 

This report also provides substantial information related to enabling innovations. These are 

innovations in design, materials, production, and installation assistance that could be used in 

combination with each other to support the achievement of the goals related to the primary 

innovations. These enabling innovations are listed in Table E.2. 
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Table E.2. Summary of ABC Enabling Innovations in Report 

Innovation 

Category 
Enabling Innovation What does it enable? 

Design and 

Tools 

Retrofit Decision 

Applications 

Quick and easy determination of which retrofit measures are 

possible and make the most financial sense for that building 

Non-Destructive 

Evaluation of Existing 

Building Envelopes 

Easy determination of potential challenges to the 

implementation of an envelope retrofit 

Air Leakage Testing, 

Equipment, and Methods 

for Large Buildings 

Quick, easy, and inexpensive detection of air leakage 

locations and rates in building envelopes, especially for 

existing large multifamily and commercial buildings 

Materials 

Advanced Insulation Easily installed insulation for quick incorporation into wall 

panel systems, residing, and building cavities to enable more 

resilient buildings and reduced heating and cooling demand 

Advanced Sealants Streamlined building envelope retrofits for reduced heating 

and cooling demand 

 

Production and 

Installation 

Data Collection, Modeling 

and Analytics 

Optimization of onsite activities and offsite factory processes 

to broadly support improvements to end-to-end operations 

for building envelope retrofits  

Subtractive Manufacturing More controlled and less wasteful production of pre-

fabricated wall panels, siding and insulation boards for 

building envelope retrofits 

Additive Manufacturing Supports precise control, rapid production, and less material 

waste, especially useful in complex building or component 

geometries  

Portable Machines for 

Distributed Manufacturing 

Industrialized construction of building components onsite to 

reduce transport costs and delivery time 

Advanced Scanning for 

Retrofit Construction 

Easily designed and manufactured customized, 

prefabricated retrofit panels for easier and faster installation 

and fitting 

Retrofit Robots (Including 

Automated Insulation 

Installation and 

Inspections) 

Fast, high-quality, and affordable installation and inspection 

tasks that are necessary for building envelope retrofits  

Real-Time QA/QC Using 

Visual Indicator or Internet 

Connected Sensors 

Near-real-time QA/QC of building efficiency measures, 

including building envelopes, to improve installation and 

inspection quality 

Augmented/Mixed Reality Improved building retrofit and new construction technology 

installation by providing training, guidance, inspections and 

QC of work 

 


