A New Playbook for
Housing Affordability
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We're In A Housing Crisis, Undersupply Plays a Major Factor ‘
Undersupply is persistent and widening
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UNITS OF UNDERPRODUCTION, 2021
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Productivity Gap — Undersupply

Construction productivity has stagnated while other sectors improved.
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Source: McKinsey Global Institute, ‘Reinventing Construction’ (2017)



Move to a Manufacturing-Style Production System — and get 10X

galingth the enablers:
Internal (manufacturing mindset) + External (Regulatory Reform and Demand Aggregation).

© Reshape regulation

O © Rewire contracts
> O O Rethink design
© Improve procurement and supply chain

PI’OdUCtiVity boost © Improve onsite execution

(onsite + OffSitE) © Infuse technology and innovation
O Reskill workers

> 1000%

Productivity boost
(offsite)

© Move to a manufacturing style
production system

Source: McKinsey Global Institute, ‘Reinventing Construction’ (2017)



Circa 1916, U.S. Led the Move to a Manufacturing-Style Production ‘
Enedl&IBy softer boundaries between building construction, infrastructure, and manufacturing
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Circa 1970: A Peak Year in Offsite Constructlon Capablllty IN the U S. ‘

The Sector and Framework Began to D|verge
o E lu,--“‘f'llh R .

apan 1990

After 1970: Sweden & Japan Scaled — and Built the Rules to Match

They palred technology with enabllng frameworks so the galns endured

; — Sweden,2000

Source: MOD X




“... large-scale application of industrialized
building systems (was) not limited by
technological, designh or cost factors, but
only by institutional constraints.”

HUD, 1968

Source: MOD X



A New Playbook for Housing Affordability Through Offsite ‘
A erasiEdekiy Mindset and a Harmonized, Performance-Based Regulatory Framework
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A New Playbook for Housing
Rdyandblerd t\Offsite Construction at Scale

1) REGULATORY REFORM (define & approve)

« Consistent definitions and metrics for offsite construction

« Code reform: fragmentation — harmonization; prescriptive — performance-based
specifications

 Performance-based, system-level approvals with recognized verification methods

2) DEMAND AGGREGATION (market pull & finance)

« Standard award criteria across local, state, and federal programs & subsidies

« Coordinated/direct procurement to aggregate demand and stabilize the pipeline
 Finance & insurance acceptance of certified systems (clear, standardized routes)

3) COMPETENCY EDUCATION (use capacity for overall capability)

« Manufacturing mindset: platform + parts; standardized interfaces & repeatable work packages
« Design—bid—build — IPD for outcome-based delivery

 End-to-end data, QA/QC & traceability (incl. EPDs)

4) Continual Improvement (feedback loop)
Surveillance & performance data update metrics, approvals, and award criteria

Source: MOD X
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The Long Road to Housmg Affordablllty Sweden (E.U. ) ‘

_, Sweden’s decades-long shift—now echoed across the EU—shows how to move from
fragmented, prescriptive rules to harmonized, performance-based standards.
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Performance Supported Wood-Based Construction Reaching New
A 10-story light-wood + mass-timber hybrid, volumetric-quular project




Sector-wide Standardization Supports Collaboration and
iraniessatiemerome > Wood Hotel

Martinsons

Martinsons + Derome

Source: MOD X



Same Problems in the 1960s. A Different Choice in Europe.

Facing the U.S.-like fragmentation and prescriptive rules, Europe set a long-term,
performance-based regulatory destination—and built toward it.

“The only major divergence from the general trend toward continued expansion of
industrialized building (in Europe) is ...Sweden. Here prefabrication rose steadily until 1958
when it reached 7.4% ... after which it declined to 3.2% in 1962. ... The fact that Sweden is
the only highly developed West European country that has not provided special
assistance to industrialized housing systems may be a partial explanation for this
fluctuating trend.”

“Local building codes are frequently written in terms of (prescriptive) specifications
rather than performance, thereby excluding the introduction of new prefabricated
materials. In Austria prefabrication has encountered difficulties from the fact that provincial
building regulations, of which there are 15, permit the use of prefabrication only under
certain conditions. Building codes in France have been less of a problem since the
substitution in 1955 of a national building code for various sets of local regulations.”

HUD 1968

Source: MOD X, HUD Archives



How Performance-Based Frameworks Work
Societal Goals > Performance-based requirements > Industry Independence AND

Accountability

2025 > Manufacturing Mindset Expected
(Performance Code Update, Anticipating
Eurocode 2.0)

2023 > National Verification of Impact
(Move to manufacturing in industry AND
regulation showed consistent results)

2010 > “State” > “Federal”
(Eurocode + European Building Products)

1995 > Prescriptive to Performance
(The Nordic Pyramid)

1960 > Harmonization: National Code

Source: MOD X, Boverket

Goals

Functional
Requirements

Operative
Requirements

Verification Methods

Examples of Acceptable Solutions

_ Ind.

% Act
} Ordinance

Codes




The Impact of a Performance-based Framework on Prefab Wood in ‘

tlvedEthas the largest domestic Prefabricated Wood Building industry in Europe, per
capita

. 2. Swed.® Prefabricated Wood Building
(@) :
2018
3. UK ‘
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.I . & N
| 1. Ger.
. @ ,/ ® Q 2020
./

Source: MOD X (Map), Eurostat and Prodcom (Data)



Performance Code Leveled the Playing Field Between Wood and ‘
ReplIGh&t& code is helping prefab wood gain share vs. site-poured concrete EU Wide

Swed. @ Prefabricated Wood Building vs
Ready Mix Concrete
@ Q Estonia
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Source: MOD X (Map), Eurostat and Prodcom (Data)



Performance-based regulations make carbon accounting easier
Supports affordability and sustainability

Transition plan for

Emissions 2020 Transition element Transition pathway 2020-2045
46.44 Mt 332 kt The emissions will decrease from 332 kt (2020) to 0 (2045) according to the plan
—u
I[ Egil Low carbon construction of buildings s
U1 Emissions @ Target -® Outcome
332kt 94K
G 280 kt 80K
Number of new wood building apartments 2045 _.-®
245 kt = TOK
210 kt —tre 60K
e 50K
Remaining emissions 2045 179 e
140 kt P 40K
. ) 105 kt R 30K
The graph shows the transition potential to 2045 and what R i
emission reduction it could contribute with. i G
35 kt e 10K
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Source: Swedish Government Carbon Targets



i We Don t Have Decades —_ Use Japan’s Fast Lane Wh|Ie A|m|ng for

— Long-term: EU-style harmonized, performance-based framework.
W | Near—term Japans performance based Housmg System Certlflcatlon (smce 1973)
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! The Fast Lane to Housing Affordability

Performance-based Housing System Certification in Japan |
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The Fast Lane to Housing Affordability
Performance-based Housing System Certification in Japan

]
o |
] s
5
! {
h
e {
A7

NI ESVENINSY IS S R

= [1T-1062
-




The Fast Lane to Housing Affordability
Performance-based Housing System Certification in Japan

Source: MOD X (2022)
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Japan’s Housing System Certification Program
Enables a uniquely configured home (or homes) in 40—60 days.

SEKISUI CHEMICAL HOUSING CO.

Lng CUSTOMER SALES MANUFACTURING ll  SUPPLIER
| Product Configuration |
| Contract |
~
Product Order
-30 Days Request '| Recieved
. » Parts Order
-14 Days Site Demolition Order Recieved
-3 Days Site Parts Parts Produced
Received + Shipped
Prep
-2 Days Production
0 Days Module Install |‘— Shipment
+10 Days

Source: MOD X (Based on drawing from Sekisui Chemical)

Handover to Customer

DIGITAL
TOOLS

Sales support system
(SCOPE)

Process control system
(SMASH)

Production system
(SHIPS)

Parts Picking System
(HAPPS)

Process control system
(SMASH)



Japan’s Housing System Certification

Equally rigorous—but faster—because inspectors verify company-specific, performance-derived spec

Registered

DESIGNATED VERIFICATION AND HOME COMPANY energy saving
INSPECTION AGENCY Eval. Agency

Application for building

Confirmation Application

contirmation

Receipt of confirmation certificate

Housing Performance Indication Application (1) Design

Performance Evaluation

Receipt of Design evaluation

(Design/Construction)

Application (2) Construction

Commencement of construction

In-process inspection

Completion of construction

Receipt of construction evaluation

Complete Inspection Application for completion of
inspection

Receipt of inspection certificate

Utilization

Source: MOD X (Based on drawing from Sekisui Chemical)

Submission of plan for securing

energy conservation Judgement of
performance energy
. efficienc
Conformity Assessment . y
compliance

Notification

Building Standard Law
Building Energy Saving Law

_ Housing Quality Assurance Act

Simplified by Housing System Certification




Japan’s Housing System Certification ‘
Not a “preapproved” design but a configurable system of preapproved assemblies and relationships

Case Study: Sekisui Heim

14,000 homes a year, nearly half "unique” but based on a system
60,000 certified components
90 housing system certifications on file

Different Certified Systems Variants of the Same System
| e —
! SYSTEM 2 *ﬂ'
Story House Steal 2 Siories
Steel / Wood 1 Stories &“25&:005 swssums e —— l_
{ e | EhE] [ —— [ ] T I : 2
SYSTEM 5 : SYSTEM 6 !svsrsm v [ Sveremz L] 5 8 e LE?STEM
" Smart Power Station Urban Life Planning Heim L - - I .J— SYSTEM 2 -[ﬁ ] . |] -3
Steel 2 Stories Shatt 2.5 Stories Steel 3 Stories  FOSRCI, | P : e
= = i I._
E SYSTEM 8 E GSvsreus i TR E= [J:-D-f—-:]-—l. - '“_I T T“
P o SR ’_!___ SYSTEM 2 —f * | systEM2 = | SYSTEM 2
Steel 2 Stories oot | 4:_] P i | ) I . SR
i - — 1 X R e B

| SYSTEM 10 & ®sysTEM 11

Grand To You V1o Heim
Wood 2 Stories Steel / Wood 2.5 Stories

Source: MOD X (Based on drawings from Sekisui Chemical)



Japan’s Housing System Certification

Directly and Indirectly Supports Innovation Across the Sector > Offsite and “"Onsite”

Housing Business

“Prefabricate House”

1D Kit of Parts (Complete House)
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Source: MOD X (Photos from Sumitomo Forestry)

Timber and Building Materials Business
“Conventional House”
1D Kit of Parts, Fasteners, Software
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Japan’s Housing System Certification ‘

Aligned with Japan’s FHA Equivalent — the JHF — Certification Aligned With Mortgage Rate
Reductions Related to Japan’s Evolving Societal Goals

financial institution, JHF grapples with various societal issues

@ As a national policy implementation agency and public

related to housing while taking into account policy issues . Advancement of
such as the eight goals ( Goals ) of the Basic Plans for \%cx climate change

Housing established by the government. _ o .
Goal 6 Establish a housing circulation system

and formulate high-guality housing

- g . 1 . stock aimed at a decarbonized societ
/" o Lifestyle changes and »2 Declining birthrate and y
=) diversification " aging population _
| _ e Housing stock surplus and
Goal1 Realize housing compatible with a Goal3 Develop housing conducive to raising )-Im/%\

new normal and advancements in children I underdeveloped

digital transformation (DX) » | secondary market
Goal4 Develop communities where diverse

generations support one another

; Goal7 P t 1at t,
*Increased frequency and and the elderly can live with peace " demolition and utiization of vacant
o . . ; :

¢1°°lr7) severity of natural disasters of mind and in good health homes in an integrated manner
Goal 2 Develop safe housing and residential BN Establsfa sately net function e Gl

area g‘n d secure hogmes for peoplo whereby people requiring special Goal8 Develop a housing industry that

! X . p p EISSIStBHCE‘ in SE‘CUFIHQ hGUS|ng can Erlfi h the C nvenienc nd
affected by disasters, in a new stage - - : il . =
! live with peace of mind abundance of residents’ lives

where disasters occur more frequently
and cause greater damages

Source: JHF



Housing System Certification — An American ldea, Perfected in
First tested in the U.S. (late-1960s/early-1970s) and studied in 1972 by the “Uchida Mission.”

Source: HUD

The Uchida Mission

Editor’s Note: October 17, 1971 and
November 4, 1971 bracketed thou-
sands of miles of intensive iravel by
plane and bus by 47 members of a
Japanese studv team and one HUD
official. During a 20-day nartonwide
working four organized by HUD's
Office of Iniernarional Affatrs, the
Fourth Housing Industry Siudy Team
was led by Morris Cohen, Direcior of
Education and Training in the Office
of International Affairs. Mr, Colen,
an le traveler and

diarist, kept @ voluminous log of the
cross-country trek. What follows is a
condensation of his full account.

On October 17. 47 members
of a Japanese housing study team
arrived at San Francisco on the
first leg of a nationwide tour of
U.S. industrialized housing devel-
opments. HUD's Office of Inter-
national Affairs planned the pro-
fessional and technical aspects of
the visit as part of its interna-
tional cooperative program.

The Fourth Housing Indus-
try Study Mission was headed
by Genko Uchida, of the
Uchida Consulting Firm, Tokyo.
The group included three Japa-
nese government officials and
representatives of 37 businesses
and organizations and was self-
financed. Altogether, the group
visited 10 housing sites and
developments and six housing
factories in 10 states during the
20 days it spent in this country.
The group also visited two new
communities and the Industrial-
ized Building Exposition and
Congress (INBEX) where they
saw over 350 exhibits of mate-
rials, equipment, and systems.

In San Francisco, the
“Uchida Mission,” armed with
cameras, notebooks, a barrage
of questions, and unlimited
enthusiasm, opened the study
tour with a visit to the new
community of Foster City
where Mayor Wayne McFadden
explained the background and
future plans for the community.
Then the group inspected two

HUD CHALLENGE / March 1972

new housing developments being
built by Kaufman and Broad
and L.B. Nelson, before heading
across the Bay to see two other
housing developments, the Mis-
sion Bay Mobile Homes Park
and then the Golden Gate urban
renewal area in downtown San
Francisco.

The sccond day found the
group in Seattle where E.K.
Muller of the Boeing Company
welcomed them and gave the
background on Operation

T i

BREAKTHROUGH. Another
highlight was a guided tour
through the St. Regis housing
factory in Tacoma, which pro-
duces wood modular homes.
Kalamazoo, Mich., was the
next stop. Here, the group was
“greatly impressed” with the
166 structures already ecrected
on the BREAKTHROUGH site,
reflecting a wide range of build-
ing materials and designs. The
group traveled by bus to the
Guerdon factory at Elkhart,
Indiana, to see how Pacemaker
Mobile Homes are built. On
succeeding days, the study mis-
sion visited the Boston area

Littleton, and Fountainhead
Apartments, Westboro); New
York City (Shelley Systems);
King of Prussia, Pa. (General
Electric's module manufacturing
facility); and Philadelphia, Pa.
(Society Hill and Independence
Hall urban renewal areas). Also,
Macon, Ga. (Hercoform Homes
at the BREAKTHROUGH site);
Perry, Ga. (Systems Structures,
Lid.); Orlando, Fla. (DISNEY-
WORLD); San Juan, Puerto
Rico (Shelley Systems oper-
ations); Louisville, Ky.
(INBEX); and Washington, D.C.

In Washington, the group
was welcomed by Eugene A.
Guiledge, Assistant Secretary for

Housing Production and Mort-
gage Credit, and Dale E. Barnes,
Director  of International Af-
fairs. Discussions were con-
ducted by Alfred A. Perry,
Director, Operation BREAK-
THROUGH: David C. Moore,
Director, Special Projects; and
Charles J. Orlebeke, Dcputy
Under Secretary for Policy
Analysis and Program Evalu-
ation. Their Washington activ-
ities also included a visit to the
National Bureau of Standards to
observe testing of BREAK-
THROUGH modules; inspection
of HRW Systems housing facto-
ry in Edmonston, Md.: the new
community of Columbia, Md.;

Photos by Morris Cohen

and a farewell reception at the
Mayflower Hotel.

On November 4, Mr. Cohen
said “Mata Aimasho™ (until we
meet again) to the group at
Baltimore’s Friendship Airport.
Some members went directly to
Europe, a few to other US.
cities, but most departed for
Honolulu—where they toured
local housing developments—be-
fore heading for Tokyo and
home. Before lcaving, the group
members expressed their satis-
faction with their program and
their determination to organize
another study tour to see Oper-
ation BREAKTHROUGH com-
pleted. «@

On their 20.day tour of U.S. housing, the 47 Jap-
anese visitors tourad (1] an industrislized housing
plant, {2) Operation BREAKTHROUGH site in Ma-
con, Ga,, (3) modular construction site in Puerto
Rico, (4) Industrislized Bullding Exposition in Lou-
isville, Ky., {5) the new town of Columbia,
and (6} the Seattle, Wash., BREAKTHROUG!

H site.

HUD CHALLENGE / March 1972




Housing System Certification — Advocated by Congress (1966—1974) ‘
Congress identified institutional barriers and called for a national standards/evaluation function.

1966 — Advisory Commission on Intergovernmental Relations
“U.S. building regulation has placed unjustified burdens on the technology and
economics of building,” limiting the “full economic range of housing.”

1968 — Housing and Urban Development Act (Operation Breakthough)
HUD shall assess “the effect which local housing codes and zoning regulations have, or
would have if applicable, on the cost per dwelling unit” of innovative housing construction.

1974 — Housing and Community Development Act

“..the absence of an authoritative national source ... on ... nationally acceptable standards
... iIs an obstacle that imposes severe burdens and leads to missed innovation. Model
codes alone won’t fix updating difficulties and local inconsistencies; non-uniform provisions
increase costs ... therefore, a single authoritative nationally recognized institution to
evaluate new technology is needed to speed acceptance at all levels. Congress declares
the need for an authoritative nongovernmental instrument — the National Institute of
Building Sciences (NIBS)”

Source: MOD X (U.S. Congress)



Housing System Certification... falls within NIBS’s statutory mandate
Congress created NIBS as an authoritative nongovernmental body for standards and evaluation.

“NIBS shall exercise its functions and responsibilities in four areas relating to building
regulations:

(A) Develop, promulgate, and maintain nationally recognized performance criteria,
standards, and test/evaluation methods— suitable for adoption by building officials —
including for building systems, subsystems, components, products, and materials.

(B) Evaluate and prequalify existing and new building technology.

(C) Conduct needed investigations in support of (A) and (B).

(D) Assemble, store, and disseminate technical data and related information.”

U.S. Congress, Housing and Community Development Act of 1974

Source: MOD X (U.S. Congress)



We've Done This in Other Sectors — U.S. Automotive ‘
From Prescriptive and Fragmented to Performance-based and Harmonized (Internationally)

Regulatory Framework Key Attributes Scale

Source: MOD X



Sector Wide Standardization Supports Innovation and ‘
Pikeweksia IH tylkswagen Group > Ford (Competitor)

Skoopa
OS2 O €2

2. ... to other products 3. ... to other brands 4. ... to competitor

Disc Brakes Charging Port

Battery

7 Drivetrain/
Front Powertrain Sy (%5 Volkswagen AL Motor Unit

Radiator

1. New Sub-assembly/module

"VW MEB platform illustration (example of platform — multiple models)”.

Source: MOD X (Volkswagen)
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Sector Wide Standardization Supports Innovation and Affordability
Mercer > Green Canopy NODE
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The Factory (and Construction Site) as Laboratory ‘

Taylor, the Gilbreths, and Gantt argued for company-led, evidence-based standards that can be
rapidly referenced by regulatory frameworks and ultimately raise the level of an entire sector

Source: Rupnik, Projection in Space-Time (Harvard University Dissertation, 2015)
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Certification- ready Companles EX|st In the U S. (Many Are IN This
Mass Timber Systems

Source: Mass Timber Systems



Mass Timber: Evolving From Building Products to Configurable
Products vs. Systems

MASS TIMBER PRODUCTS
OFF - SITE ON - SITE
[hafvestmg H milling H prpeasgterlvg 1 for?::t:'ng J --------- -[ mslgt;r:;n I site assembly ]
L ———————
CLT MANUFACTURING ASSEMBLY
MASS TIMBER SYSTEMS
OFF > SITE O,N, -ASITE |
(v (T e} | }—
' -~ - ", J Y
CLT MANUFACTURING SUB-ASSEMBLY ASSEMBLY
VALUE ADD

FIGURE 2.2: MASS TIMBER SUPPLY CHAIN RELATIONSHIPS IDENTIFYING OFF-
SITE VALUE-ADD MANUFACTURING AND ON-SITE ASSEMBLY

A 441 I fornee T Rovivauth A 4 Feons ) . ooe
Source: Adapted om 1. Beyreuther, Viass 1imber Systems

Published in: “Mass Timber: Evolving From Building Products to Product Platforms”, 2022 International Mass Timber Report
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IDCUBED

Source: IDCUBED



Innovative Companies as Innovation, Standardization and
IDCUBED

Source: IDCUBED



T e TS, R TN T e x I 1 178 | 1
Innovative Companies as Innovation, Standardization and y

\% E}




Innovative Companies as Innovation, Standardization and

Reframe Systems

Source: MOD X
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Innovatlve Companles as Innovation, Standardlzatlon and
Reframe Systems
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Standardization | Innovation

Affordability | Societal Goals

Standardization 2> Innovation > Affordability + Goals
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