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Nora Wang (Pacific Northwest National Laboratory)  
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James Rose (Director, Institute For Smart Structures, University of Tennessee/College of Architecture and Design)  
Philip Enquist (Partner, Skidmore, Owings, & Merrill LLP) 
Roderick Jackson (Group Leader, Building Envelope Systems Research, Oak Ridge National Laboratory) 



There are many encouraging 
visions and goals for  
buildings in 30 or 50 years. 
For example: 
 
Architecture 2030 Challenge: 
Design new buildings to meet fossil 
fuel reduction goals.  
 
International Energy Agency: 
Reduce global CO2 emissions in the 
building sector to just one-quarter of 
current levels. 
 
What will buildings be 
like in 100 years?  
 
What roles can or should 
buildings play in our 
lives?   
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Scope 
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The Buildings of the Future Scoping 
Study will develop a vision for what U.S. 
mainstream commercial and residential 
buildings could become in 100 years.  

Activities 
A series of research and outreach 
activities from October 2014 to 
September 2015, including thought 
leader interviews, webinars, panel 
discussions, and a national workshop.  



3 POLLING QUESTIONS 
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PANEL PRESENTATIONS  
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ORNL is managed by UT-Battelle  
for the US Department of Energy 

Disruption in 
Additive 
Manufacturing 
 
 
Lonnie Love 
Director, Manufacturing Systems Research 
Oak Ridge National Laboratory 
 
July 2015 
Oak Ridge, Tennessee 



2 MDF Overview, May 2014 

Terminology 
•  3D Printing (3DP) was the term initially coined by MIT 

for this technology and has been widely adopted by the 
popular press, especially when relating to polymer-
based desktop models. 

•  Rapid Prototyping (RP) was the most popular term 
for this technology during the 1990’s when prototyping 
was the dominant use –  including design and concept 
modeling, form and fit testing.  The materials and 
economics were generally not acceptable for use 
beyond the prototype stage. (aka “Freeform Fabrication”) 

•  Additive manufacturing is typically used by 
scientific and technical communities to emphasize 
the increased capabilities to manufacture 
commercially viable and field-ready components 
with appropriate quality and reliability.  The term 
“additive” is meant to differentiate AM from 
conventional subtractive techniques. 

(AirBus A320) 
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How does “AM” work? 

CAD Solid Model 

Additive Manufacturing Technologies (2010) 

Layer-specific  
tool paths 

Build each layer  
on top of previous ones Finished Part 

Virtually slice Faceted Model 
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Additive Manufacturing is a disruptive 
technology 

Heat Exchangers 

Fuel Injector 
Nozzle Injection mold tooling 

Laser AM Engine Block 

Robotics Water soluble molds 

Stretch form mold 

Ducts Power Electronics 
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Principles of AM 

• Low volume, high complexity 
• One machine, infinite variety 
• Low waste 
• Part count reduction (combine elements) 
• Low physical skill, high cognitive skills 
• Portable manufacturing 
• Multiple materials in single part 



6 MDF Overview, May 2014 

Big Area Additive Manufacturing (BAAM) 

ABS 

CF-ABS 

Conventional AM 
•  Small (< 1 cubic ft) 
•  Slow (< 5 ci/hr) 
•  Expensive (~$100/lb) 
•  Takes days to go through 1 kg spool 

–  Not exciting for material manufacturers 
Big Area Additive Manufacturing 
•  Large (> 10 cubic ft) 
•  Fast (>2500 ci/hr) 
•  Cheap (<$5/lb) 
•  One machine can go through a gaylord in a day 
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Advantage of “Out-of-Oven” 
•  Manufacturing carbon fiber reinforced 

materials 
–  Shows increased strength and significant 

reduction in distortion 
–  Preliminary testing on in-situ post-processing 

was successful 

•  Making sample parts for NavAir Cherry Point. 

•  Exploring new materials 
–  CF ABS, CF Ultem, PEKK… 

•  For surface finish, have integrated cutting head 
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Partnership with 
CRADA 

ORNL and Cincinnati 
Incorporated collaborate  
to create commercial 
large-scale system 

Partnership to establish US-based large-scale AM equipment manufacturer 
•  Targets tooling lead time and cost reduction 
•  Based on existing ORNL gantry system 
•  Cincinnati providing >$1M in cost share year one 

–  First large-scale polymer AM system delivered to MDF, April 2014 

•  Interest from multiple automotive, aerospace and tooling industries 
•  Stretch form and hydroform tools demonstrated 
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Partnership with Local Motors on 3D 
Printed car 

• From 20,000 parts to 50 
• 44 hours to print, 8 hours to assemble one of a kind 

car 
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Printed Cobra 
TruDesign 
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Getting Bigger and Faster 
•  Next generation system 

–  8’ x 20’ x 6’ build volume 
–  100 lb/hr deposition rate 
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12 10-2014 

Unique Advantages of Additive Construction 
•  Better material utilization and 

reduced waste 

•  Use more durable materials 

•  Little or no finish treatments required 

•  High build accuracy – no air leaks 

•  Integrated combinations of materials 
and reinforcements 

•  More optimum geometry/materials 
–  Thermal efficiency 
–  High strength/weight 
–  Wireways, ducts built in 

•  Low additional cost for increased 
complexity 

•  Reduced Labor  

•  Design freedom 
–  Curves 
–  Hollow structures 
–  Aesthetics 
–  Interior and exterior finishes 



 
 
Phil Enquist of Skidmore, 
Owings and Merrill has been 
named t he 16 th UT-ORNL 
Governor’s Chair and is the first 
to hold this position in the College 
of Architecture and Design. SOM 
is one of the top urban design, 
architecture and engineering firms 
in the world. 
 
The Governor’s Chair program 
creates research opportunities 
that connect wor ld- renown 
professionals with Oak Ridge 
National Laboratories and the 
students and faculty of the 
University of Tennessee 
 



AMIE 
Additive Manufacturing 
Integrated Energy 
 
What are the archi tectural 
implications of building-scale 3D 
printing? 
 
The second Governor’s Chair 
studio is working in tandem with 
ORNL and SOM to investigate the 
architectural implications of two 
emerging technologies. Based on 
tours and discussions with ORNL 
MDF staff, students are proposing 
design concepts for additively 
manufactured polymer buildings 
that incorpora te s t ruc ture , 
enclosure, and insulation in one 
element. These structures are 
capable of producing off-grid solar 
power and sharing it with a 
vehicle. In conjunction with 
Clayton Homes, a prototype will 
be built in September of 2015. 
 
 
 

 
James Rose AIA, UT College of Architecture and Design 
Lucas Tryggestad AIA, Skidmore Owings and Merrill 
Randy Lind, engineer ORNL MDF 
Gavin Mabe, Clayton Homes 













Characteristic Current Constraint Future Opportunity 
Material ABS, PLA, (Concrete, Metal) Co-extrusion, resilient 

Insulation Separate material and installation 
process 

Vacuum, phase change, Co-extruded 
foam 

Structure Capacities not fully researched Calculated for specific loads 

Color and Opacity Limited by reinforcing fiber content Integral, translucent and transparent 

Geometry 3 axis, corbel limits curves 5 axis, material flow and temperature 
control for complex forms 

Print Size BAAM: 20x8x6 fixed, off-site Robotic mobile on-site building 

MEP Integration Integrally printed chases Integrally printed circuits, PV, ducts, 
piping, reinforcing 

Envelope Performance Coatings for UV, water, air barrier Integral properties 

Environmental Impact Energy intensive, petroleum based Renewable, recyclable 

Construction Complex forms and material 
intersections require multiple joints 

Continuous prints of variable geometries 
and materials 

•  Additive manufacturing is optimal for parametric design. It can move design from mass production 
to mass customization, from form-making to form-finding. 

•  This new process is more similar to biological systems than to traditional construction techniques. 
•  Additive manufacturing of buildings demands a truly integrated approach to design. 
•  Every new building technology finds its aesthetic expression- what will it be?  



The Century of Cities 
 
2012… 7 Billion 
2024… 8 Billion 
2036… 9 Billion 
2048. 10 Billion 
 
2012…3.5 Billion in Cities 
2050…7.0 Billion in Cities 





75% 
of Carbon Emissions 
Originate in Cities 



unprecedented demand 
     for new buildings 
   and infrastructure 

Cities are expected to need to build floor space equivalent to 85% of today’s 
building stock – almost 475 billion square feet of new space. Infrastructure, 
energy grids, water distribution systems, roadways, and transit will all be 
redesigned. In 20 years, we will completely reinvent our built environment.   



70% 
increase in solid waste  
in cities in 20 years 



by 2100…3x today’s 
trash 

  



20th century 
A linear, “throw away” 
society…… 
 
extraction 
manufacturing 
distribution 
consumption 
waste 

  



The higher the 
income level 
and rate of 
urbanization, 
the greater  
the amount of 
solid waste    

AFR 
5% SAR 

5% 
MENA 

6% 

ECA 
7% 

LAC 
12% 

EAP 
21% 

OECD 
44% 

OECD: Organization for Econ. Coop. 
& Development 
AFR: Africa 
SAR: South Asia 
MENA: Middle East & North Africa 
ECA: Eastern & Central Asia 
LAC: Latin America & the Caribbean 
EAP: East Asia & Pacific  



  

The waste opportunity 

Global Solid Waste Composition, Source: World Bank 



  

The waste opportunity 



21st century 
A sustainable, 
“circular” society…… 
 
reduce 
reuse 
recycle 
responsibility 

  



21st century 
A sustainable, 
“circular” society…… 
 
Better Design 
Clean Production 
Manufacturer Responsibility 
Community Responsibility   



Moving Forward 
 
composting = better agriculture 
anaerobic digestion = clean energy  
renovations = green architecture 
research = education 
reuse and repair = new culture 
zero waste = economic growth dev 
new methods = minimal waste  
 
 

  





















ORNL is managed by UT-Battelle  
for the US Department of Energy 

Accelerating 
Innovation in 
Building Design 
and Energy 
Systems through 
Additive 
Manufacturing 

Presented by 
Roderick Jackson, PhD 
Oak Ridge National Laboratory 
July 14, 2015 
 



2 Opportunities for Collaboration with ORNL 

Rapid innovation is needed to meet energy 
savings goals 

Leverage Science  Develop Technology Demonstrate Energy Savings 



3 Opportunities for Collaboration with ORNL 

Leverage Science  Develop Technology Demonstrate Energy Savings 

Rapid innovation is needed to meet energy 
savings goals 

First printed go-cart structure First printed car, created  
in collaboration with industry 

September 2014 January 2014 

3D-printed Shelby Cobra 

January 2015 



4 Opportunities for Collaboration with ORNL 

Rapid innovation at work 



5 Opportunities for Collaboration with ORNL 

Extreme innovation demo: EERE Industry Day 
Sept. 23-24, 2015 

Building 
Technologies 

Advanced 
Manufacturing 

Vehicle 
Technologies 

Integrated 
Energy  

Systems 

AMIE 
demonstration 

project 
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!   Future Challenges and Changes 
•  In the distant future, what (different) challenges will cities in the U.S. face? 
•  How will changes in resource availability (land, water, energy, raw materials) affect building design and 

operations?  
•  How will changes in energy and material flow (e.g., different forms of energy, water supply, waste water 

treatment, etc.) influence buildings and districts?  
•  Will building use types, functions, and ownership be the same or different? Why?  
•  How will societal needs (e.g. owner and occupant interests and activities) shape future buildings?  

!   Drivers and Approaches  
•  How can buildings in the future adapt to the fast-changing technologies?  
•  Compared to today’s practice, will there be more efficient ways of developing buildings to meet needs? 

What should we do differently to address the abovementioned challenges?  
•  What aspects of the built environment need to be developed, enhanced, or changed in the future? 

What could drive these changes?  

!   Visions 
•  How to integrate different goals and visions? For example, how can heath and resilience be integrated 

into other goals, such as reducing greenhouse gas emissions and energy use? 
•  What are the most important future building attributes?  
•  What performance metrics do we need to develop for future buildings?  

DISCUSSIONS 



Upcoming Events 
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Webinar:	  Healthier	  Buildings	  in	  the	  Future	  –	  Exterior	  ConsideraBon	  
July	  15,	  2015	  3:00	  -‐4:00	  PM	  EDT	  
	  
George	  Chandler	  (Senior	  Advisor,	  Office	  of	  Safety,	  Security,	  and	  Asset	  Management,	  CDC)	  
Victoria	  Ludwig	  (Program	  Manager,	  State	  and	  Local	  Climate	  and	  Energy	  Program,	  EPA)	  
Lauren	  Dufort	  (Sustainability	  Specialist,	  Office	  of	  Safety,	  Security,	  and	  Asset	  Management,	  CDC)	  
	  



Concluding Workshop 
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A	  few	  seats	  are	  sMll	  available.	  If	  you	  are	  interested	  in	  aPending,	  contact	  us	  at	  	  	  
futurebuildings@pnnl.gov	  	  
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Visit	  us	  at	  futurebuildings.pnnl.gov	  
Contact	  us	  at	  futurebuildings@pnnl.gov	  
	  

THANK YOU! 
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