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Credit(s) earned on completion of 
this course will be reported to AIA 
CES for AIA members. Certificates 
of Completion for both AIA 
members and non-AIA members 
are available upon request.

This course is registered with AIA 
CES for continuing professional 
education. As such, it does not 
include content that may be 
deemed or construed to be an 
approval or endorsement by the 
AIA of any material of construction 
or any method or manner of
handling, using, distributing, or 
dealing in any material or product.
___________________________________________
Questions related to specific materials, methods, and 
services will be addressed at the conclusion of this 
presentation.



Applying Swedish Innovations in Residential 
Construction Systems
Sweden's housing market is dominated by industrial 
production of energy efficient houses. In this mature 
market, fabrication techniques, products, and 
components have all been optimized for efficient factory 
building, and the off-site process has been leveraged to 
make energy efficient construction affordable and 
universal. Because Sweden and the US share a 
tradition of wood framed housing, their techniques can 
be readily adopted and suggest a way forward for the 
North American Housing Industry.

Course
Description



Learning
Objectives

...  have a basic understanding of the industrialized construction process in Sweden, 
and an overview of Swedish Residential Construction Systems.

...  understand how off-site building supports the construction of affordable high 
performance wall systems.

...  have an overview of typical Swedish wall assemblies, and insulation practices.

...  have learned how to apply the lessons from Swedish Residential Construction 
Systems to residential construction in the US.

After attending this session, participants will...



Innovations in Swedish
Factory-Built Housing

presented by Scott Hedges and Greg La Vardera



• Precedent of Technology Exchange
• How Swedish houses are built
• Industrial Production Process
• Application to US practices



• Common Natural Resources
• Timber Industry
• Wood Building Tradition
• Similar Development Patterns
• Entering 1970’s home building very similar
• Exiting 1970’s Sweden deeply reforming
• Establishes Energy Efficient Practices
• Enhanced by Off-Site Building
• Today: High Standards in a Mature Industry



Can our construction industry be influenced by 
Sweden?

There is already a history of technology 
exchange.



Technology Exchange Precedent

Sweden: Traditional Log House



Valley Forge
reconstruction, 1770s

US: Nothnagle log house c. 1640,
Gibbstown, near Swedesboro, New Jersey

Swedish Family
Minnesota, 1890s



US: Stud Framing
Balloon Framing 1830s - 1940s,
surpassed by Platform Framing

US: Batt Insulation
Fiberglas, Owens-Corning 1938

Patent Application 1953

Both transferred to Sweden



Sweden: Cross Layered Solid Wood Walls
and some sawdust fill, common into 1940s



Sweden: Standard-Hus

off-site factory production already common



Post WW2 Export of Swedish Factory Houses
to UK and Germany

Continues to influence German factory building, but market share only 15% of detached homes

1962
Swedish houses, South Norfolk, UK, 1946



Sweden:
investment in

building science
high level of cooperation between 

industry, academia, and government

late 1970s



Today Passive House Standard roots in Sweden



Sweden Today:  
Standard stud framing, 
improved performance 
though layering and 
updates to platform 
framing conventions. 
High-Value Assemblies.



How does Sweden produce high-value wall 
systems affordably?

Industrial Production Methods for Off-Site 
Construction.



How Swedish houses are built
typical Swedish site typical American site



Gregory La Vardera
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Factory Labor
480hrs

Planning
100hrs

Tile & Misc
100hrs

Painting
200hrs

Elect.
100hrs

Mech.
100hrs

Foundation
200hrs

Site Carpentry
800hrs

Distribution of Labor

Estimated 
Total Labor:

2080 hours

72% Onsite

28% Offsite

estimated for 2200 sq. ft. House 
(24 wall sections, 4 semi truck delivery)



Industrial Production Process

Panel or Modular?



Terms In US:

Modular = any Off-Site?
PreFab = any factory made component?
Panels, Panelized = any pre-assembly?

Clarity
Be aware that these terms are used to mean 
multiple things in the US.



Monteringsfärdiga =     Finished Assembly 
Elementbyggande =     Element Building
Väggelement         =     Wall Elements       
Volumelement       =     Volume Elements 
Lössvirke               =     Loose Work 
Montagehus          =     assembled house

 Concepts of 
assembly & elements
inform the vocabulary

Sweden: Assembly & Elements



Standard Wall Element Process

Source: Randek, Falkenberg, Sweden



manual line

workstation

automated line

Scalable, Flexible



Sequence critical layering has low premium

Significant process differences between 
factory assembly and site building

Walls - built on the flat 



Work is not done from ladders



Walls flipped to work both sides



Industrial Production
Manufacturing Building Indoors



Window installation complete. Wall has yet to be framed.



window & door sub-assembly workstation



Components - electrical

Redesign of building components



Components - plumbing



insulation practices - stone wool batts

stone wool batts
!

fiberglass batts
higher density, higher R-values,

different physical properties,
no learning curve

which means it is easily measured

stone wool has a shape

and fit



insulation practices - stone wool batts
easy to cut accurately, faster to do proper install

No new sub contractors,
no new material suppliers,

time is predictable,
pricing is predictable.

Easy to adopt.

cut with large bread knife

“mitre” table speeds accuracy



Lindbäcks Bygg

Volume Wall Element Process







Swedish housing industry



Approx. 15% of apartments now 
supplied via highly industrialized wood 
construction  (up from 0% in 1994)



Wall elements used in conjunction with precast systems - podium building



continuing innovation & improvement:

an active priority of government, academia and industry



Highly competitive & customer focused housing 
industry with international markets 



Focus on quality, energy performance, 
and affordability  



Broad offerings in wide range of styles with high quality marketing materials.

Strong focus on customer value. Factories face the customer, site installers are subs.



Vittjärvshus
Stenhusvillan

Näshultastugor
Dast

Skäna hus
Larsson-Hus

Villa Varm
!sby hus

KarlsonHus
Ekeforshus

Bollebygdshus
Vimmerbyhus

Emrahus
Lappli-Hus
Vallsjähus

Björklidenhus
VästkustStugan

Sävsjö Trähus
Borohus

Willa Nordic
Vårgårdahus

Götenehus
A-hus

Modulenthus
LB-Hus

Hjältevadshus
Eksjöhus

Fiskarhedenvillan
Smålandsvillan

Trivselhus
Myresjöhus
Alvsbyhus

0 250 500 750 1000
Annual Production

House Starts by Company

About 80% of all 
houses by manuf’s 
that build 1 ‒ 3  
houses per day

Houses per Year

Long Tail due to low 
capital costs of 
“Swedish System”

Data: Charlotte Andersson byggahus.se

data for 32 
member 
manufacturers



Comparison of Conventional Production Building with Swedish Factory Building

Primary Forest Resources
• Trees
• Sawing
• Drying

Non Forest Building Materials
• Gypsum
• Concrete
• Metal Flashing & Roofing

Manufactured Building Components
• Cabinetry
• Windows & Doors
• Mechanicals & Electricals

Conventional Production Building Organization

General 
Contractor

All Materials purchased and delivered to building site piecemeal
Manufactured Components Treated as Building Materials

Delivery costs factored into subcontractor & material prices

Design
Often precedes contractor input
Driven by expected trade norms

Innovation Discouraged
Industry / Regulatory conflict  

On Site Inspections

Sales and Marketing
After Sales Service

Sub-contractors:
Foundation & Utilities
Factory Trained Crew

Utilities Shared by factory
Subcontractors Partner with Factory

Exterior Finish
Interior Finish

Furnishing and Appliances 

Sales and Marketing

Design

Factory Managed Supply Chain

Quality System & Inspections

Production of Building Elements &
Shipping 

Managed by factory
Factory Owns Risks

Innovation encouraged

Production methods
“shop work”  

Sub-contractors:
Excavation 
Foundation

Framing
Roofing

Electrical
HVAC 

Plumbing
Drywall

Finish Carpentry
Flooring
Painting

Etc …

High transfer of 
Risk and 

Responsibility

Owned by company
Factory part of consumer choice

After Sales Service

Warranty

Low Transfer of Risk

Swedish Factory Organization

“Demarcation of Industrial Organization”
Moving this line is both a technical and organizational challenge. 

Inputs used by both kinds of building organizations are produced by Industry

Coordinated & 
optimized



Application to US practices



Typical Swedish Wall



USA New Wall 2x8

R30



USA New Wall 2x6



Platform Framing Innovations

Swedish Platform FramingWestern Platform Framing



Ground Floor Condition

Swedish Platform FramingWestern Platform Framing



Second Floor Condition

Swedish Platform FramingWestern Platform Framing



Roof Condition

Swedish Platform FramingWestern Platform Framing



Comparisons

• Sweden: 173,732 sq miles
• California: 163,696 sq miles

• Sweden Population: 9.517 million (2012)
• New Jersey Population: 8.865 million (2012)

On a regional basis we clearly have the 
population density to support an industry like this.  
Emerging demand for energy efficient housing 
will be driven by maximizing consumer value.



This concludes The American Institute of Architects 
Continuing Education Systems Course
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