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Industrialized Housing Delivery in the U.S.:

Recommendations for State and Local Governments

By Ivan Rupnik, Ryan E. Smith, and Tyler Schmetterer, MODX
Benjamin Preis and Lauren Leonard, National Housing Crisis Task Force

Summary

In the U.S. today, almost all housing — single-family homes, townhouses, small apartment
buildings, and large apartment complexes — are built through traditional, onsite construction,
where workers assemble the materials and construct a building on the ground on which it

will be occupied. Offsite construction, where a portion of the material assembly is done off-

site in a factory before being transported to its destination for final assembly, can accelerate
home development and increase housing supply at scale. The most advanced form of offsite
construction, “industrialized housing delivery,” utilizes practices and methods associated with
other fields of manufacturing to engage all parties from project inception and maintain this
collaboration throughout delivery to increase efficiency and improve outcomes. However,

the varied and layered building and land use requirements of states and local governments
currently favor conventional design-bid-build site-built construction, limiting adoption of offsite
construction methods in the U.S. even as other developed countries continue to lead in using
these approaches. State and local governments can implement targeted reforms and actions to
modernize and harmonize building codes to propel the offsite construction industry forward and
effectively address the housing affordability crisis.

International examples like Japan, Sweden, and parts of the UK and the European Union
demonstrate that governments leading through requlatory reform and demand aggregation

actions can successfully accelerate and scale offsite construction. Regulatory reform includes
aligning building codes across jurisdictions to eliminate arbitrary differences and streamline

the process of permitting buildings for construction, which would decrease cost and increase
efficiency for all types of housing, including offsite. In the U.S., regulatory reform would be
achieved by migrating from the current “prescriptive” building code framework — which
dictates the types of building materials and techniques given the size and use of a building —
to performance-based building codes that focus on how building materials and construction
techniques should perform. Demand aggregation is also often seen in successful modular
construction efforts, as it creates the consistent project pipeline that offsite construction entities
need to justify upfront factory investments and align with local, state, and federal governments on
incentives and award criteria.

States and localities can accelerate the adoption of industrialized housing delivery by changing
regulations and incentives, and procuring housing in ways that encourage greater speed,
reliability, and consistency — areas where offsite construction excels. This includes different
forms of demand aggregation, such as changing award criteria from housing authorities, city
housing departments, and housing finance agencies for private-sector developers to focus on the
total project cost, project delivery timing, and product consistency — areas where industrialized
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housing delivery can excel. In Virginia and Minnesota, state and local leaders have been taking
steps towards these changes, as highlighted by the case studies in this tool. Additionally, states
and localities can pursue building code and land use reform, including the adoption of new
standards from the International Code Council and Modular Building Institute, toward a long-term
shift focused on performance-based building codes, as has been done in Utah, Montana, and
Virginia. In partnership with MOD X — a research-based advisory group focused on advancing
the industrialization of construction to achieve broader societal goals— HUD and the National
Institute for Building Sciences (NIBS) are also developing educational programming, strategic

action plans, and implementation roadmaps to support state and local adoption of these
regulatory solutions, and accelerate industrialized housing delivery.

The Challenge This Tool Solves

Construction costs have doubled over the last decade across the housing type spectrum,
including for-sale, for-rent, market-rate, and affordable housing, driven largely by a national
construction workforce labor shortage, increased material costs, and regulatory requirements
that result in more time-consuming and expensive housing developments. Offsite construction
can reduce costs by implementing manufacturing principles thereby optimizing labor, leveraging
economies of scale, and improving material efficiency. Fostering a high-technology housing
sector can address the current crisis and serve as a framework for the future of housing
production across the U.S.

Types of Communities That Could Use This Tool

This tool may be used by states and localities that oversee building codes and directly or
indirectly procure housing through the disbursement of grants, loans, and awards. Partners in
advancing knowledge and research may include code councils, institutional housing, economic
development think tanks, labs, and related nonprofits. Adopters may consist of state and city
governments, metropolitan planning councils, public housing authorities, community and
neighborhood housing organizations and consortia, offsite and industrialized housing companies,
and developers.

Expected Impacts of This Tool

Our current regulatory framework, contracts, financing, insurance, and modes of project delivery
are currently oriented around onsite construction. This tool aims to amend that framework
placing conventional construction and innovative modes like offsite construction on a more
level playing field to better utilize both delivery methods to achieve societal goals. By creating

a framework more supportive of onsite and offsite industrialization and innovation can we
properly address the nation’s increasing housing affordability and supply crisis. Implementing
these institutional reforms at the state and local level provides the long-awaited possibility of
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Proposed Solution: Accelerate IHD to Increase U.S. Housing
Supply

With support from the U.S. Department of Housing and Urban Development (HUD), the National
Institute of Building Sciences (NIBS), and others, MOD X has developed a model for effectively
accelerating IHD for housing at any scale based on lessons from internationally evolved offsite
construction contexts. The model can serve as a tool for increasing housing supply and making

a positive contribution to the U.S. housing crisis with two primary actions: (1) regulatory reform,
and (2) demand aggregation. Combining regulatory reform with demand aggregation has proven
effective at accelerating IHD in more evolved industries abroad including Japan, Sweden, and
the UK. Harmonizing regulations across as large a market area as possible and shifting away
from prescriptive codes towards performance-based specifications has proven to be an impactful
strategy.

Over the past 50 years, Japan and Sweden have employed both regulatory reform and demand
aggregation to accelerate and scale IHD. Over time, the growth of this sector has encouraged
increasing technological capacity, allowing the sector to expand and contract its supply of new
housing in-line with demand. This sort of flexibility is already common in mature automotive,
aerospace, IT, and food production sectors, but need to be further adapted and adopted by the
housing sector in the U.S. to truly treat housing as an industry.

Regulatory reform without demand aggregation has eliminated many of the barriers to the
acceleration and scaling of IHD. However, increased supply often materializes slowly to address
a housing crisis. Demand aggregation without regulatory reform can provide an immediate
increase in housing supply but can also create an IHD industry sensitive to fluctuations in
demand and highly dependent on government programs and subsidies. Demand aggregation
without regulatory reform can also lead to a lower-quality product to meet a short-term goal from
the public sector, leading to long-term market stigmatization of offsite construction. As such,
regulatory reform and demand aggregation go hand-in-hand.

Regulatory Reform Action

The frameworks regulating housing development and construction in the U.S. evolved over
more than a century and will likely take many decades to further evolve with strong state and

local action. These historical frameworks unintentionally prescribe the conventions of onsite
construction, inform other institutional frameworks regarding labor, contracts, financing, and
insurance, and, in turn, require offsite construction to conform with practices and standards
developed for a different kind of construction method. Like conventional construction, these
regulatory frameworks are highly localized and varied, presenting barriers to IHD. Without
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institutional and structural transformation, offsite construction and IHD will continue to be
regulated by logics based on onsite construction methods and will continue to struggle to
outperform conventional construction.

In contexts where IHD has successfully accelerated and scaled, direct government action has
been essential for implementing and refining effective long-term policy reforms. Sweden and
Japan have completed this process with a regulatory framework placing offsite and onsite
construction on equal footing. In the UK, Australia, New Zealand, the European Union (EU), and
several other countries, this regulatory transition is underway. In the U.S., various regulatory
reforms, directly initiated by HUD or other governmental and non-governmental entities, have
significantly improved the situation. One of the first successful attempts to reform the U.S.
regulatory environment was the introduction of state industrialized building programs, starting
with California in 1968. These programs ensure that a regulatory framework appropriate for offsite
construction exists in more than 30 states. The most impactful national-scale regulatory reform
was HUD’s revision of mobile home industry standards into a federal standard that supported the
creation of the higher-quality but equally affordable manufactured housing sector in 1976. The
shift in the regulatory framework from a multiple regional model code to two in 2000, managed
by the International Code Council, also had a harmonizing impact on all construction. Most
recently, following recommendations made by MOD X to the Modular Building Institute (MBI),
MBI teamed up with the ICC to develop procedural standards for the inspection and permitting

of volumetric modular construction. However, additional reforms are required to continue moving
the industry forward and addressing the current housing crisis.

Based on international precedents from forthcoming MOD X research, effective regulatory reform
occurs via three, often related policy initiatives:

Harmonization of Building Code and Land Use Regulations Over a Substantial Market
Area: Current U.S. land use codes are fragmented across thousands of local governments,
and often restrict housing size, shape, and density such that standardized IHD products are
unsuitable. Additionally, prescriptive-based building codes are often implemented differently
across jurisdictions, which may have their own amendments to national model codes. Locally-
based inspection and building permit processes require developers to navigate complex
regulatory environments. Harmonization of building codes and land use regulations over

a large market area eliminates arbitrary differences in specifications and can improve the
efficacy of both conventional and offsite/IHD construction methods. Harmonization can occur
through the preemption of a national regulation over local regulations (e.g., Japan in 1950,
Sweden in 1960, and the US in 1976 via the HUD Code) or through the introduction of model
regulation incentivized for adoption by local governments (e.g., Eurocode in the European
Union since 2010, International Residential Code (IRC) and International Building Code (IBC)
developed by the International Code Council since 2000). In Sweden and Japan, comparable

harmonization of land use codes nationally during the early postwar period positively
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impacted offsite construction housing quality and housing supply more broadly. At the state
level, the Commonwealth of Virginia has attained a high regulatory harmonization level by
essentially requiring all authorities having jurisdiction to adopt the state versions of model
codes and industrialized buildings model code with no revisions.

Complete Transition From Prescriptive-Based to Performance-Based Specifications: In
addition to the harmonization of regulations, shifting from a prescriptive- to performance-
based building code specifications has proven highly effective in accelerating both IHD and
improving onsite construction outcomes. Today, the U.S. largely uses a prescriptive building
code framework — which dictates the types of building materials and techniques given the
size and use of a building — rather than a performance-based building code that focus on
how building materials and construction techniques should perform. However, the complete
transition from prescriptive- to performance-based building codes takes time to achieve. The
ICC is developing a major update to their current performance-based building code for the
2027 update.

Housing System Certification: An intermediate step towards performance-based
specifications. The transition from a prescriptive to a performance-based code environment
occurs over a period of time. For example, the 27-member state European Union is still

in the process of fully transitioning to this regulatory framework, although some member
states like Sweden have already fully transitioned. For this reason, several countries have
implemented a housing system certification approach to create an alternate means of code
compliance for innovative homebuilders. These companies are rewarded for requisite upfront
investment in personnel, equipment, R&D, and resultant intellectual property through a
fast-track code compliance process more attuned to a product than a project approach to
delivery. HUD, working in close collaboration with the National Institute of Standards and
Technology (NIST), pioneered system certification more than 50 years ago. Since that time,
Japan has progressed furthest in scaling this approach with 1in 3 homes moving through this
streamlined path of code compliance. While Sweden and other European countries have not
currently implemented full housing system certification processes, similar streamlined code
compliance routes exist for new materials and prefabricated building components. In the U.S,,
ICC’s Evaluation Services (ICC-ES) could also serve in a similar capacity.

Demand Aggregation Action

Comparable to other capital-intensive manufacturing sectors, offsite construction and IHD
require a steady pipeline to amortize requisite investments. Housing demand is highly varied

in specifications and oscillates with macroeconomic variables. Demand aggregation in IHD
acceleration can be defined as some form of government support including incentives, subsidies,
and/or project contracts to create a more consolidated and stable production pipeline for the
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offsite manufacturing sector. Demand aggregation programs are particularly important in keeping
factories in business during downturns. In Sweden, manufacturers often turn to public housing
authorities (PHAs), which tend to build during economic downturns. In the U.S., Dynamic Homes,
a Minnesota-based volumetric modular manufacturer, maintains a close relationship with various
Native American tribes, who in turn benefit from specific subsidies.

Demand aggregation for IHD can be direct or indirect and typically occurs via three distinct forms:

1. Direct demand created by the procurement of IHD for government-financed projects.

Example: State Emergency Management Agencies (SEMAs) procurement of offsite
manufactured housing to support emergency response efforts.

2. Indirect demand created by the government-coordinated procurement of IHD by other
entities. Example: Encouraging PHAs to prioritize innovative construction methods that
include IHD approaches.

3. Indirect demand created by coordinated award criteria for government-financed projects
and subsidies. Example: Japan Housing Finance Agency (JHF) mortgage rate reduction

program closely tied to the national housing system certification.

This sort of demand aggregation works best when the public sector procurement and
coordinated award criteria focus on the areas where IHD can perform best: bringing down costs,
decreasing time to completion, and increasing consistency across housing developments. To the
extent that the public sector can create standard design criteria, this too brings down cost as the
offsite manufacturers are able to streamline unit development and achieve economies of scale.
Demand aggregation can further drive down costs when paired with pre-approvals and other
expediting permitting.

Demand aggregation creates substantial impacts on IHD. First, it allows for the effective cost
amortization to support capital-intensive innovation investments in R&D including technology,
intellectual property, automation, etc., and critical labor resources. Second, it creates consistent
and predictable product specifications, smoothing demand for new units over time and limiting
customization at the unit level that typically exists in a highly fragmented housing market
sensitive to long-term financial variables. Third, it signals to the private sector and to the
general public that IHD is at least as high quality as conventional construction, if not more so, to
consumers, end-users, financial and insurance sectors.
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Case Studies

The conceptual model of regulatory reform and demand aggregation has been actively
demonstrated through case studies in the U.S. Two case studies from Minnesota and Virginia
illustrate these principles.

Minnesota — Acceleration through Education and Standard Award Criteria

As Commissioner of Minnesota Housing from 2011-2019, Mary Tingerthal realized the potential
benefits of the greater adoption of industrialized construction techniques and identified the
regulatory barriers impeding adoption. As such, after completing her tenure as Commissioner,
Tingerthal established Construction Revolution as a non-governmental entity focused on
accelerating offsite construction for housing in Minnesota. In 2019, Tingerthal convened the

Construction Revolution Summit, a cross-sector collaboration aimed at reducing the cost of

housing by creating an innovation hub for offsite construction. This event brought together
international, national, and regional thought leaders to share best offsite practices, with over 100
key stakeholders representing all segments of Minnesota’s housing sector. Through a series of
workshops at the summit, followed by months of refinement, Construction Revolution developed
a Summit Report and Action Plan for Minnesota, published in June 2020, which includes: (1)
launching multi-sector innovation cohorts, (2) developing and promoting learning opportunities,

(3) fostering local collaboration, (4) incentivizing a series of pilot projects, and (5) attracting
modular manufacturers and investors.

This effort encouraged the establishment of Rise Modular, a new volumetric modular factory in
the Twin Cities region. After establishing a clear and concise action plan, Construction Revolution
partnered with the Family Housing Fund and MOD X to develop an interactive Offsite Accelerator
program. In addition to a series of educational sessions, Construction Revolution and MOD X
worked with accelerator participants to conceptualize real-world applications of these principles
to current project initiatives. A key outcome of this course was the development of an innovative
pilot project by the Minneapolis Public Housing Authority (MPHA) to utilize offsite construction

for housing, delivering 84 units of deeply affordable housing across 16 scattered sites in
Minneapolis. To encourage IHD, the standard award criteria of the project RFP encouraged

an integrated form of team-based project delivery for offsite construction where design and
engineering, manufacturing, and site work were developed in tandem by an interdisciplinary
team from inception. The project was funded through a creative use of HUD’s tenant-based
voucher program and leveraged recent zoning reforms to gently densify existing neighborhoods
while avoiding any displacement. This highly effective project identified and overcame a

major barrier to offsite construction by eliminating a lack of early coordination and clear scope
delineation among stakeholders.
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Virginia — Acceleration Through Regulatory Harmonization

The Commonwealth of Virginia is one of 35 states with an established industrialized building
program responsible for administering and enforcing statewide standards for enclosed factory-
based construction. Unique to Virginia, the industrialized building program operates within the
Department of Housing and Community Development (DHCD). This integration of offices is
fortuitous as offsite construction has become an integral strategy to addressing the rapid supply
of housing across the state. While there is often a conflicting relationship between housing
development and building code, in Virginia there is collaboration, proffering an accelerated
approach to offsite constructed housing over the last decade through a key ingredient to

code modernization — people. Integrating the industrialized building program with a statewide
Department of Housing enables faster and better-integrated statewide reforms, and other states
should follow suit as they consider statewide governance reforms to meet the housing moment.

Virginia became the first state to adopt new standards developed jointly by the International
Code Council and Modular Building Institute (ICC/MBI 1200 and 1205 standards) that set the
precedent for best practices in offsite construction policies and procedures that other states

and regions can follow to navigate regulatory barriers and create regulatory pathways. Virginia’s
offsite construction regulations have been harmonized with state economic and development
goals to include ADUs like several other states and missing middle housing types that include
single-family detached and townhouses. Under Virginia’s standards, a housing plan needs to be

built only 10 times to take advantage of pre-approvals, considerably reducing housing delivery
cycles. Together with MOD X, Virginia continues to explore increasingly expedited regulatory
models for housing delivery through the continuous improvement of their processes and
standards.

Diffusion and Scaling IHD

Focusing on the goal of increasing housing supply, MOD X, NIBS, and HUD have partnered

to accelerate the adoption of innovative and effective IHD practices and policies around the
country. Working closely with several U.S. regions, the group is developing Regional Action Plans
and Pilot Programs to:

1. ldentify regulatory and demand aggregation barriers to IHD in each region; and
2. Develop strategic plans to support regional IHD growth.
The findings will inform the development of a HUD Breakthrough Pilot Handbook, a technical

assistance resource to support states, regions, counties, and cities nationwide to enhance their
IHD adoption and capacity.
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Over several years, MOD X has collaborated with key partners in multiple regions across the U.S.,
including the Northeast, Mid-Atlantic, Midwest, Intermountain West, West, and Pacific Northwest
(Fig.1). As part of this effort, each of these regions will participate in virtual workshops to develop
tailored Regional Action Plans to increase housing supply through IHD.

HUD Region Regional Pilot Partners

Il. Northeast ) ) o
Metropolitan Area Planning Council; City of Boston,

Mayor's Office of Housing, Neighborhood Housing
Development & Housing Innovation Lab

lll. Mid-Atlantic o . )
Virginia Department of Housing and Community
Development (DHCD)

V. Midwest
Construction Revolution in collaboration with the
Family Housing Fund

VIII. Intermountain West Ivory Innovations

IX. West

Terner Labs | Terner Center for Housing Innovation,
UC Berkeley

X. Pacific Northwest ) ) )
Housing Development Consortium (HDC) of King

County and Seattle

Building on insights from these regional collaborations, MOD X is planning to organize two
Regional Offsite Construction for Housing Summits. These in-person events will provide a
platform for participating regions to present their Regional Action Plans thereby fostering
knowledge-sharing among regions pursuing similar efforts. Summit participants will include state
housing finance agencies, state code building offices, state economic development agencies,
industrialized building program offices, industry representatives, and nonprofit representatives.
The summits provide a key opportunity for federal and local leadership to contribute to a national
framework to accelerate housing production, strengthen local economies, and expand affordable
housing options. Expect more information about these events in the near future.

In addition to Pilot Partners from the regions, the project includes Strategic Partners that provide
fundamental knowledge, advocacy, and relational networking value. These partners include

the International Code Council (ICC), ICC-NTA, Harvard Joint Centers for Housing Studies
(JCHS), and Ivory Innovations. Ivory Innovations, a Utah-based nonprofit dedicated to catalyzing
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innovative solutions in housing affordability, has also partnered with MOD X to develop and
launch a national Offsite Accelerator industrialized construction educational program designed

to inform and assist regions to overcome knowledge barriers associated with offsite construction
for housing. The Offsite Accelerator was developed to address the needs of a broad audience
including finance and insurance professionals, AEC professionals. Developers, suppliers, building
code officials, government officials, etc. The program includes the delivery of a 4-session
interactive course supported by content illustrating offsite housing context, domestic and
international case studies, technology, and delivery. Participants will benefit from a worldwide
network of offsite industry, academic, government, and related nonprofit thought leaders.
Sessions are a mix of core theory, practical application, and case study examples of projects and
companies in the offsite housing industry from the U.S. and around the world.

Ivan Rupnik, Ph.D., Founding Partner of MOD X, is an architect, scholar, advisor, and Associate
Professor of Architecture at Northeastern University. Ryan E. Smith, Ph.D., Founding Partner of
MOD X, is an architect, scholar, advisor, and Professor and Director of the School of Architecture
at the University of Arizona. Tyler Schmetterer, Managing Partner of MOD X, is an international
offsite construction advocate and strategy advisor, industry integrator, and award-winning
designer/producer of high-performance prefab residential housing. Benjamin Preis, Ph.D., is the
Director of the National Housing Crisis Task Force, and a Senior Research Fellow at the Nowak
Metro Finance Lab at Drexel University. Lauren E. Leonard is a graduate research analyst at
the Nowak Metro Finance Lab at Drexel University where she is pursuing a Master of Science in
Urban Strategy.
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