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Slow, Static, Expensive
�

Average multifamily construction and development 
timeline is 29 months. 

Construction labor productivity has been declining 
for 40 years. 

Construction costs have increased on average 
2.3% per year. 



Industry Context

World Economic Forum, Scale, Geoffrey West 



   Workforce Productivity Industry Comparisons
�



  Low Technology Investment
�



Government Regulations as Share of Development Costs
�



  

    

     

    
     

  
   

  
   

Influence Productivity Gains
�

McKinsey’s Seven Construction Productivity 
Drivers 

Rethink design and engineering process and increase 
standardization 
Improve procurement and supply-chain management 
Infuse digital technology, new materials and automation 
Improve on-site execution 
Rewrite the contractual framework 
Reskill the workforce 
Reshape regulations and raise transparency 



Where to Start? Construction Cost?
�



      
   

     

     

       

Develop
�

Cost: Capital 10 to 35% 
Land 5 to 15% 

Schedule: 10 to 30% of time 

Performance: 80 to 90% of Value 

Risk: Market Demand, Government approval (Entitlements), Site 
Conditions 



  

   

      

      

Design
�

Cost: < 10% 

Schedule: iterative with development 

Performance: 80 to 90% of value 

Risk: design failure in aesthetic, structural, functional 



    
    

     

    

     

Build
�

Cost: 80% of overall cost 
50% Labor + 40% Materials 

Schedule: 30 to 60% of time 

Performance: 10 to 20% 

Risk: Improper install, default, accidental, weather
 



      

     

        
 

   

Manufacture
�

Cost: 30 to 40% of overall cost 

Schedule: 10 to 30% of time 

Performance: 10 to 20% varies from materials to 
volumetric modules 

Risk: design failure, timing 



  

   
 

 

Benefits of Panelization
�

• Reduction of on-site time 
• High quality 
• Reduced waste 



      
   

       
 

  

•	 The amount of work using prefab nearly tripled
 
between 2010 and 2016
 

•	 169% increase in build tech investment from
 
2012 – 2016
 

FMI/BIM Forum; CBInsights 



Areas of Technology Impact
�



   

Questions
�

Text questions to
 
202-421-6091
 



 

 
     

 
      

 
       

        

  
  

  
      

Panel Members
�

Jennifer Castenson 
Vice President of Programming, Hanley Wood 

Joan Glickman 
Acting Program Manager, Residential Buildings Integration, U.S. DOE 

Mikhail Haramati 
Building Efficiency Research Program Supervisor, California Energy Commission 

Tedd Benson 
Author, Building Pioneer, Founder and CEO, Bensonwood & Unity Homes 

Vince Romanin, PhD 
CEO, Treau, Inc. 

Nathan King, DDes 
Senior AEC Industry Engagement Manager, Autodesk, Inc. 
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Advanced Building Construction
 
JJJJooooaaaannnn GGGGlllliiiicccckkkkmmmmaaaannnn 

BBBBuuuuiiiillllddddiiiinnnngggg TTTTeeeecccchhhhnnnnoooollllooooggggiiiieeeessss OOOOffffffffiiiicccceeee 

AAAApppprrrriiiillll 11116666,,,, 2222000011119999 
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RetrofitNYRetrofitNYRetrofitNYRetrofitNY

        

        

        

RRRReeeemmmmeeeemmmmbbbbeeeerrrr BBBBTTTTOOOO PPPPeeeeeeeerrrr RRRReeeevvvviiiieeeewwww 2222000011118888????
�
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Traditional Inno ationTraditional Inno tionTraditional Inno ationTraditional Inno tion 

Joan Glickman,Joan Glickman,Joan Glickman,Joan Glickman, 

Acting Program ManagerActing Program ManagerActing Program ManagerActing Program Manager 

Residential Buildings ProgramResidential Buildings ProgramResidential Buildings ProgramResidential Buildings Program 

Joan Glickman,Joan Glickman,Joan Glickman,Joan Glickman, 

Acting Program ManagerActing Program ManagerActing Program ManagerActing Program Manager 
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What A Difference A Year Makes…
 

• July 2018 

– Coordinated lab workshop to share expertise with NYSERDA teams 

• October 2018 

– Hosted first workshop on ABC concept with NYSERDA 

– Lab review & feedback provided to NYSERDA projects; attended peer review for RetrofitNY projects 

– Participation in Housing Innovation Alliance Roundtable and tour of Bluepoint Robotics 

• November 2018 

– Manufactured housing workshop (Alabama) 

– MA Triple Decker Homes meeting 

• Dec 2018 

– CEC workshop and industry tours/discussions 

• March 2019 

– Sto workshop on pre-fab construction with federal agencies 

– SBRA Energy Committee Meeting (manufactured homes) in TN 
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LLLLeeeeaaaarrrrnnnneeeedddd AAAA LLLLooootttt,,,, aaaannnndddd DDDDeeeevvvveeeellllooooppppeeeedddd SSSSoooommmmeeee AAAArrrreeeeaaaassss ooooffff FFFFooooccccuuuussss
�

• Off-site manufacturing 

– New construction (manufactured housing, modular buildings) 

– Retrofit technologies 

• Envelope (panels, other) 

• Integrated systems (windows, combined HVAC) 

• Automation 

– Bringing digitalization to construction/retrofit trades and industry 

– Robotics, end-to-end digital design and construction 

• Simplified installation 

– Focused on enhanced reliability, performance, speed of delivery and installation 

• Workforce 

– Addressing need for trained/skilled workforce in manufacturing facilities (off-site) and at building (on site) 

• Value Add 

– Integration of sensors, automated default detection and diagnostics 
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It’s ABC…Not Quite as Easy as 1,2,3
 

Make net-zero energy retrofits the defacto choice for 

modernizing existing buildings. 

Deep energy efficiency is integrated into new methods of 
construction, off-site manufacturing, automation. 

New Construction & Retrofit Solutions Must Be…
 

Comfortable Resilient Visually appealing 

Provide grid services Scalable Minimally invasive 

Competitively priced Easy to Install, High Performing 
23 U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 



                

    

  

    

  

        

 

    

   

What’s Wrong with this Picture???
 

The 20-story, 300-

room project at 185 

Bowery was 

ccccoooonnnnssssttttrrrruuuucccctttteeeedddd iiiinnnn 

PPPPoooollllaaaannnndddd and 

shipped to New York 

in 210 pieces. 
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MMMMaaaannnnuuuuffffaaaaccccttttuuuurrrreeeedddd HHHHoooouuuussssiiiinnnngggg
�

•	 Thirty percent of occupied 

manufactured homes were 

built prior to 1976 (ACEEE). 

• Manufactured housing 

residents spend 70% more 

on energy per square foot 

than site-built homes 

(ACEEE). 
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MMMMaaaannnnuuuuffffaaaaccccttttuuuurrrreeeedddd HHHHoooommmmeeeessss –––– AAAA CCCCaaaasssseeee EEEExxxxaaaammmmpppplllleeee
�

26U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 

Factory ConditionFactory ConditionFactory ConditionFactory Condition 

Liberty, Texas Wilkesboro, 

North Carolina 

Square Footage 2,100 2,100 

Bedrooms 3 4 

Home Energy Score 4 3 

Annual Energy Cost $1,803 $2,019 

Annual Energy Cost 

Per Square Foot 
$0.85 $0.96 

• Mini-split installation (8.5 HSPF / 15 SEER) 

• Rigid floor insulation (foam or SIPs) (R-22) 

• Heat pump water heater (2.5 EF) 

With Efficiency UpgradesWith Efficiency UpgradesWith Efficiency UpgradesWith Efficiency Upgrades 

Liberty, Texas Wilkesboro, 

North Carolina 

2,100 2,100 

3 4 

9 9 

$1,314 $1,329 

$0.63 $0.63 

Cost Savings 

Compared to Typical 

Factory Condition 
$490 / year $690 / year 

Cost Savings over 15 

year mortgage term 
$7,300+ $10,300+ 



                

            

Meeting Attendees
Alabama Power

Cavalier Homes

CAVCO Industries

Champion Homes

Clayton Homes

U.S. DOE

Electric Power Research Institute

Florida Solar Energy Center

Freddie Mac

Georgia Power

National Electric Rural Cooperative Association

National Renewable Energy Laboratory

Nicor Gas

Oak Ridge National Laboratory

Oglethorpe Power

Southern Company

Systems Building Research Alliance

The Electric Cooperatives of South Carolina

TVA (EE R&D)

Washington State University Energy Extension

 
 

 

 

 

 

 

   

   

 

 

    

   

 

   

 

 

  

     

  

    

   
  

      

    

        

       

 

                            

                        

   
  

     

         
 

SSSSttttaaaakkkkeeeehhhhoooollllddddeeeerrrr CCCCoooonnnnvvvveeeennnniiiinnnngggg NNNNoooovvvveeeemmmmbbbbeeeerrrr 2222000011118888
�

Meeting Attendees 
Alabama Power 

Cavalier Homes 

CAVCO Industries 

Champion Homes 

Clayton Homes 

U.S. DOE 

Electric Power Research Institute 

Florida Solar Energy Center 

Freddie Mac 

Georgia Power 

National Electric Rural Cooperative Association 

National Renewable Energy Laboratory 

Nicor Gas 

Oak Ridge National Laboratory 

Oglethorpe Power 

Southern Company 

Systems Building Research Alliance 

The Electric Cooperatives of South Carolina 

TVA (EE R&D) 

Washington State University Energy Extension 

• Good discussion, good ideas 
– Technologies offer promise 

– Improved production techniques offer promise, BUT 

• But, a lot needs to happen outside of technical solutions
�
– Insurance, financing… 

Post Meeting Success Story
�
November 27:
�
V Mini-splits were not on HUD’s approved list of appliances for 

manufactured homes. (Required an application from manufacturer.) 

DDDDeeeecccceeeemmmmbbbbeeeerrrr 11119999:::: 

V Mini-split heat pumps added to HUD’s approved list of appliances for 

manufactured homes. 

UUUUllllttttiiiimmmmaaaatttteeeellllyyyy,,,, iiiitttt’’’’ssss aaaabbbboooouuuutttt ppppeeeeoooopppplllleeee aaaannnndddd ppppeeeerrrrsssseeeevvvveeeerrrraaaannnncccceeee.... 

TTTThhhhaaaannnnkkkkssss ttttoooo tttthhhhoooosssseeee wwwwhhhhoooo mmmmaaaaddddeeee iiiitttt hhhhaaaappppppppeeeennnn!!!! 

27U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 



                

                

      

 

   

   

 

 

  

 

                    

WWWWhhhhyyyy IIII’’’’mmmm eeeexxxxcccciiiitttteeeedddd aaaabbbboooouuuutttt AAAABBBBCCCC…………
�

It’s An Opportunity to Address Multiple Challenges NEEDS 

V Climate Change 

V Improved Quality & Performance 

V Modernization of Existing Buildings 

V Grid Reliability 

V Disaster Mitigation 

V Disaster Relief 

V Economic Competitiveness 

V Aesthetics 

AAAAllllssssoooo,,,, IIII hhhhaaaappppppppeeeennnn ttttoooo lllloooovvvveeee bbbbuuuuiiiillllddddiiiinnnnggggssss………… 
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BBBBuuuuiiiillllddddiiiinnnnggggssss HHHHaaaavvvveeee MMMMeeeeaaaannnniiiinnnngggg
�

•	 Yesterday’s tragedy 

•	 Unavoidable? 

•	 Reminds us of our 

vulnerability and the 

need to build in 

safeguards 

29U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 



                

        SSSSoooommmmeeee IIIInnnnssssppppiiiirrrreeee UUUUssss…………
�
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OOOOtttthhhheeeerrrrssss ddddoooo nnnnooootttt…………
�

You don’t have to look very far…(Crystal City/Arlington, VA) 
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LLLLeeeetttt’’’’ssss AAAAiiiimmmm HHHHiiiigggghhhh -------- aaaannnndddd NNNNooootttt FFFFoooorrrrggggeeeetttt aaaabbbboooouuuutttt DDDDiiiissssrrrruuuuppppttttiiiivvvveeee IIIInnnnnnnnoooovvvvaaaattttiiiioooonnnn
�

Why was the iPhone Transformational? 

V IIIItttt ddddiiiiddddnnnn’’’’tttt jjjjuuuusssstttt ggggiiiivvvveeee uuuussss wwwwhhhhaaaatttt wwwweeee tttthhhhoooouuuugggghhhhtttt wwwweeee wwwwaaaannnntttteeeedddd.... It convinced us to want
�
more…ccccrrrreeeeaaaatttteeeedddd vvvvaaaalllluuuueeee…not just functional, but emotional and social.
�

V It addressed (or created) aaaa ““““nnnneeeeeeeedddd”””” tttthhhhaaaatttt mmmmoooosssstttt ccccoooonnnnssssuuuummmmeeeerrrrssss ddddiiiiddddnnnn’’’’tttt kkkknnnnoooowwww tttthhhheeeeyyyy hhhhaaaadddd.... 

V AAAA ““““nnnneeeeeeeedddd”””” tttthhhhaaaatttt ttttrrrraaaannnnssssllllaaaatttteeeessss ttttooooddddaaaayyyy iiiinnnnttttoooo $$$$1111000000000000 pppphhhhoooonnnneeeessss – even though calls drop more 

frequently than they did with landlines in 1970s. 

V Who could predict that people would want their phones to be ccccaaaammmmeeeerrrraaaassss? Allow them 

to ssssuuuurrrrffff tttthhhheeee nnnneeeetttt, rrrreeeeaaaadddd a book, play ggggaaaammmmeeeessss, obsessively ““““ccccoooonnnnnnnneeeecccctttt”””” with friends? 

32U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 



                

    

  

  

   

    

JJJJooooaaaannnn GGGGlllliiiicccckkkkmmmmaaaannnn
�
Program Manager (Acting) 

Residential Buildings Integration 

DOE Building Technologies Office 

joan.glickman@ee.doe.gov 

202.586.5607 (office) / 202.492.5080 (cell) 
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CEC R&D: Fostering Innovation Across the Energy
�
Sector
�

Two public goods charge funded research 
programs: 

1.	 EPIC: Electric Program Investment Charge 

•	 $133 million annually 

•	 ~300 active projects 

2.	 Natural Gas: Research, Development and 
Demonstration Program 

•	 $24 million annually 

•	 ~90 active projects 

35 
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Funding Allocations 

36 

Energy Efficiency 
35% 

Renewables and Advanced 
Generation 

20% 

Energy Technology Systems 
Integration 

18% 

Environmental 
5% 

Transportation 
2% 

Energy Deployment and Market 
Facilitation 

15% 

Cross Cutting 
5% 

$650 Million EPIC Program Project Awards 
2014 through December 2018 

Energy Efficiency 
34% 

Renewables and Advanced 
Generation 

13% 

Natural Gas Infrastructure Safety 
and Integrity 

8% 

Environmental 
18% 

Natural Gas Related 
Transportation 

22% 

Cross Cutting 
5% 

$238 Million Natural Gas R&D Program Project Awards 
2004 through December 2018 



  

   
   

 

 

  
 

 
 

  

 

  

  
   

   
 

   

 
   

 

CalSEED* 
$33 M 

CalTestBed* 
$11 M 

BRIDGE* 
$18 M phase I 
$12 M phase II 

Procurement 
Incubator* 

$17 M 

Regional Innovation Clusters* 
$20 M 

Green – Direct Funding 
Orange – Support Services 
* one-time funding 

RAMP* 
$12 M 

EPIC Investment Portfolios 

Applied Research Grants 
$53 M per year 

Technology Demonstration & 
Deployment Grants 

$50 M per year 

Innovative Ideas 
Basic Research 

Commercialization 
Valley of Death 

Production 
Market Expansion 

37 

Advanced 
manufacturing 



     

     
     

    

   

    
  

    
   

   
 

  

  

CEC R&D Efforts in Advanced Manufacturing
�

Current 

EPC-17-040: Mass Deployment of EE 
Retrofits in MF homes in CA 

•	 Research team: RMI, AEA, PSV 

•	 CA version of EnergieSprong 

•	 Retrofits of low-income apartment 
buildings across CA 

Planned 

FY 2019-2020 Natural Gas 
Efficiency Funding focused on: 

1.	� Façade Retrofits with 
Manufactured Solutions 

2.	� 3D Printed Facades 

3.	� Individual Envelope Measures
�



  

  
 

    
   

 

  

Recently Completed Project
�

Manufactured Home 
Efficiency 

Added wall and roof
�
insulation at minimal
�
cost (+$2,700/home)
�

Recipient: Levy 
Partnership 



  

    

Promising Approaches 

Factory OS in Vallejo CA 



    

  

   

  

  
    

  

Contact
�

Mikhail Haramati: Mikhail.haramat@energy.ca.gov
�
Building Energy Efficiency Research Program
�

California Energy Commission
�

More info on our projects 

Tech Innovation Showcase 

CEC Research Funding RFPs
�

CalSEED small grants
�

mailto:Mikhail.haramat@energy.ca.gov




   

   

Benson Woodworking Co, Inc. 

Unity Building Technologies, Inc. 

OBCad 
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aclay Architects 

Gray Organschi Architecture 

Bruner / Cott 

TB1 



Slide 45
�

Tedd Benson, 4/10/2019TB1 







   High Performance Homebuilding Factory 



    6 Axis Robotic Timber Fabrication 
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B W 2 B F a m i l y T r e e 

Revive Timberframe 

Insulation System Innovation (SIPs) 

Off Site Fabrication 

Deep Craft Skills 

Software Innovation (Building Geometry) 

Invent Specialized Machinery 

Craft of Business 
Culture trumps Strategy 

Open Built Disentanglement 

Dimensional Coordination 
Standards 

3D Models / Virtual Fabrication 

CNC Automation 

Whole House Building 
Systems Innovations 

Lean Manufacturing 

Interface Stds 

Modularization of 
Integrated Assemblies 

Advancing BIM to BPM 
Software 

w/ Component Library 

OBCad Configurator 

Supply Chain 
Integration 

Search for a Better 

Way to Build leads to 

1970’s-1980’s 1990’s 2000’s 

Develop Network of 
Montage Teams 

Establishing the Core Elements of the Platform 
Iterative Development; 

Rapid real time Prototyping Developing Tech Platform 

Distributed 
Manufacturing 
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Learning from Everywhere
�

Scandinavia 

Optimization
 
Off Site Construction
 

Appropriate Technology
 
Democratic Energy Standard 

U.S. 

TF Legacy Building 
3D modeling value 

Discipline of connections
 
Site efficiency tools &
 

logistics
 
Discipline & Skills
 

Building Science 
Montage Design 

Better Way 
To Build 

Germany/Austria/Switzerland 

CNC Tools 
Manufacturing Software 

Technology Adaptation
 
Modern Manufacturing
 

Advanced Education for trades
 
Durable Building standard
 

Holland 

Open Building 
Rational Design & Building
 
Time based organization
 

Sustainability through Adaptability
 
Dimensional Coordination 

Affordable Excellence 

Japan 

Lean Manufacturing
 
Kaizen
 

Precision
 
Power of Modularity
 

Tradition of Perfection 

France 

Pride in Craft/training
 
Craft knowledge
 
Personal discipline
 

Historical Perspective
 



                

   

    

 

    

  

SSSSttttrrrraaaatttteeeeggggiiiicccc PPPPaaaarrrrttttnnnneeeerrrrsssshhhhiiiippppssss &&&& CCCCoooollllllllaaaabbbboooorrrraaaattttiiiioooonnnnssss
�

1970’s 

◦ Total Environmental Action (TEA) 

◦ Energy Audits, Evaluations, HVAC design 

1980’s 

◦ TEA refugees 

◦ Energy Audits, Evaluations, HVAC design 

◦ All homes built 



                    

 

  

  

  

 

 

 

 

      

SSSSttttrrrraaaatttteeeeggggiiiicccc PPPPaaaarrrrttttnnnneeeerrrrsssshhhhiiiippppssss &&&& CCCCoooollllllllaaaabbbboooorrrraaaattttiiiioooonnnnssss ((((ccccoooonnnntttt)))) 

1990’s -- now 

◦ Compagnon du Devoir 

◦ Mastercraft building apprentices 

◦ University of Rosenheim 

◦ Internship program 

◦ Wood technology 

◦ Structural engineering 

◦ Mechanical engineering 

◦ Cadwork 

◦ 3D Production software > Architectural Design Integration
�



                    

  
   

  

  

   

        

      

      

      

  
     

SSSSttttrrrraaaatttteeeeggggiiiicccc PPPPaaaarrrrttttnnnneeeerrrrsssshhhhiiiippppssss &&&& CCCCoooollllllllaaaabbbboooorrrraaaattttiiiioooonnnnssss ((((ccccoooonnnntttt)))) 

2000-2008 

Huber Engineered Woods 
◦ Joint Development Agreement (JDA) 

◦ Building Product R&D 

DOW 

◦ JDA– Building Product R&D 

MIT-Bensonwood Collaboration “Open Prototype Initiative” 

◦ Through Open Source Building Alliance, multiple contributing corporate 
partners 

◦ Prototyping better ways to design and build 

◦ 2006- multi-unit home for brain injury center 

◦ 2008- multi-functional, net zero home for college campus 

2006-KieranTimberlake—Loblolly House project 
◦ Innovate in off-site fabrication design-build partnership 



                

     
   

    

          

  
   

   

   

   

       

SSSSttttrrrraaaatttteeeeggggiiiicccc PPPPaaaarrrrttttnnnneeeerrrrsssshhhhiiiippppssss &&&& CCCCoooollllllllaaaabbbboooorrrraaaattttiiiioooonnnnssss ((((ccccoooonnnntttt)))) 

2012—now 

Keene State College (BUILDING TECHNOLOGY DEPARTMENT) 
◦ Partnership on class projects 

◦ Moisture migration in building systems 

◦ Impact of “drying out” construction period in rapidly built, tight homes 

2018: ST GOBAIN/CERTAINTEED 
◦ Joint Development Agreement (JDA) 

◦ “OBCad” software platform 

◦ Standardize building components 

◦ Auto-configuration of home “compositions” 

◦ Innovate integrated building systems –digital to actual 



                

 

  
   

    

   

SSSSttttrrrraaaatttteeeeggggiiiicccc PPPPaaaarrrrttttnnnneeeerrrrsssshhhhiiiippppssss &&&& CCCCoooollllllllaaaabbbboooorrrraaaattttiiiioooonnnnssss ((((ccccoooonnnntttt)))) 

2019 

Paragon Initiative: 

Lake/Flato, KieranTimberlake & Bensonwood Partnership
�
◦ CoDevelopment of products, processes 

◦ Building Standards analysis and development 

◦ Digital System auto integration 





























































 

 
     

 
      

 
       

        

  
  

  
      

Panel Members
�

Jennifer Castenson 
Vice President of Programming, Hanley Wood 

Joan Glickman 
Acting Program Manager, Residential Buildings Integration, U.S. DOE 

Mikhail Haramati 
Building Efficiency Research Program Supervisor, California Energy Commission 

Tedd Benson 
Author, Building Pioneer, Founder and CEO, Bensonwood & Unity Homes 

Vince Romanin, PhD 
CEO, Treau, Inc. 

Nathan King, DDes 
Senior AEC Industry Engagement Manager, Autodesk, Inc. 


