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This session will discuss transformative views of future 
buildings a century from today with consideration of changes 
in technology, design, and policy that could revolutionize the 
built environment. We will explore a future where buildings 
are self-aware and continuously anticipate and react to 
changes in weather, time of day, and occupant needs to 
optimize energy and water use, materials consumption 
and contribute to a cleaner environment. Buildings will 
integrate with the power grid, local power sources, and other 
buildings to provide grid and building services to the benefit of 
building owners, grid operators, and the entire community. 
Buildings will monitor the health and productivity of occupants 
and actively support better living. In summary, buildings will 
no longer be passive objects that consume resources but 
rather active participants engaged in the energy and water 
systems and our community. It is critical to understand how 
fast-changing technologies can be integrated in buildings in 
a balanced way that generates economic, social, and 
environmental value.

Abstract



1. Understand the changes in the built 
environment during the last 100 years and learn 
about transformative visions for buildings and 
communities in the next 100 years

2. Identify key factors that contribute to 
future attributes and performance of our 
built environment

3. Consider how occupant personalization of 
space and other trends may drive building and 
community design

4. Learn about the implications of trajectories in 
building technologies, design, and policy that 
may shape our demands for and use of built 
spaces during the next century

Learning Level 200 –
Understanding/Comprehension

Learning 
Objectives



1. Introduction 

2. Polling Questions

3. “Buildings of the Future” Vision Development

4. Mini Sessions

5. Open Discussion 

Agenda



When you hear the 
term “Buildings of 
the Future,” What 
time horizon do 
you think of? 

Q U E S T I O N  1

a) 10 years

b) 30 years

c) 50 years

d) 100 years and longer 

Interactive Poll



What is the top 
factor that will 
shape the future 
built environment? 

Q U E S T I O N  2

a) Energy Market Changes

b) Increased Use of Automation, Controls 
and Information Technology

c) Advances in Material Science
and Manufacturing

d) New Building types, Ownership 
Models, Sharing Economy

Interactive Poll



Interactive Poll

What is the 
most important 
attribute/function of 
future buildings? 

Q U E S T I O N  3

a) Buildings Sharing and Trading 
Resources/Services

b) Predict, Measure, Track Usage 
and Impact for Optimization

c) Increase Health, Productivity 
and Well-being

d) Easy to Reconfigure and Upgrade
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What is the top 
factor that will 
shape the 
future built 
environment? 



Past 
Responses
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Visions and Goals
• Architecture 2030 Challenge

• International Energy Agency

What will buildings 
be like in 100 years?

What roles can
(or should) 
buildings play in 
our lives?



Building Stock 
Turnover

Today's average building
High efficiency building (<10 years old today)
New constructions and major renovations towards “Net Zero” 
New constructions and major renovations towards “Carbon Neutral”

“Future” new constructions and major renovations after 2050
“Future” new constructions and major renovations after 2080
Buildings over 40 years old

Assuming 80 years of average service life; NOT including added building volume.  



We need 
imagination to 
communicate our 
visions in order to 
foster change

Presenter
Presentation Notes
To envision the future, we need imaginations. Hollywood is known for that. In the si-fi movies, we basically see three version of buildings of the Future.



cdn3.ssninsider.com/wp-content/uploads/2014/01/her-movie-joaquin-phoenix-bedroom.jpg
aamof.co/2014/10/04/the-future-entertainment/

S O U R C E

Presenter
Presentation Notes
The first is “Business as usual” version. The artificial intelligence is so advanced, but very little is seen in buildings.  Human still live in the same built environment as today. Year 2025 (https://en.wikipedia.org/wiki/List_of_films_set_in_the_future) 



en.wikipedia.org/wiki/The_Hunger_Games_(film)#/media/File:HungerGamesPoster.jpg
billdesowitz.com/the-hunger-games-rallies-behind-vfx/

S O U R C E

Presenter
Presentation Notes
The second is the utopian version. The buildings and cities are like machines. It’s all about technologies but nothing else. Year 2280



www.annettevee.com/2012fall_techandculture/wp-content/uploads/2012/11/1071330.jpg
www.chud.com/17383/dvd-review-wall-e-3-disc-special-edition/

S O U R C E

Presenter
Presentation Notes
The third is the disaster version. Human cannot fix their problems any more. The buildings become trash piles and are abandoned. Human live in a spaceship.Is that all we can image about buildings of the future? Year 2805Internet of Things, Social media 



Le Corbusier’s
Radiant City 
(1935) 

portalarquitetonico.com.br/masterplans-a-decada-de-
60/ 

S O U R C E

Presenter
Presentation Notes
Our architects, planners, and scientists never lack visions and imaginations. New Urbanists such as James Howard Kunstler criticized the Ville Radieuse concept for its lack of human scale and connection to its surroundings. It is, in Lewis Mumford's phrase, "buildings in a parking lot.”



http://www.archdaily.com/399329/ad-classics-the-
plug-in-city-peter-cook-archigram/

S O U R C E

Peter Cook’s 
Plug-In City 
(1964) 

Presenter
Presentation Notes
A hypothetical fantasy city, containing modular residential units that “plug in” to a central infrastructural mega machine. 



Bucky Fuller’s 
Dome (1960)

portalarquitetonico.com.br/masterplans-a-decada-de-
60/ 

S O U R C E

Presenter
Presentation Notes
Buckminster Fuller proposed to put a giant geodesic dome over midtown Manhattan. The purpose of the dome was to regulate the weather and reduce air pollution. Fuller claimed that "the cost of snow removal in New York City would pay for the dome in 10 years.(http://www.treehugger.com/urban-design/look-bucky-fullers-dome-over-new-york-city.html)
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Presenter
Presentation Notes
Today we have the creative architects exploring all kinds of design solutions. However, most of the buildings around us are not like these. What kind of vision do we want to develop for the next century? 



Smart 
Grid

Carbon 
Neutral Zero 

Energy

Group 1
• Identified metrics (how to measure)
• Quantitative targets (what to achieve)
• Mostly known processes (how to achieve)
• Some overlaps 

Group 2
• Identified metrics 
• Quantitative targets
• Partially known processes 
• Little overlap 

Resiliency
Security

Group 3
• Unclear metrics 
• Qualitative targets 
• Learning process 
• Some overlaps 

Comfort & 
Productivity

Future 
Buildings

Zero Waste
Reduced 
Potable 

Water Use

Connectivity?

An Integrated 
Vision

Presenter
Presentation Notes
A vision of the future is intended to fit these factors together by creating a model of connectedness. 



Mission 
Statement

Create an integrated 
and coherent vision 
for buildings of the future 

Identify R&D opportunities 
and develop proactive and 
scalable solutions

Presenter
Presentation Notes
There are four key words for this vision development. Please keep these in mind during today’s exercise.  Integrated—Buildings of the future have many facets. That’s why you have so many intelligent people with various expertise in this room today. We want to pick your brain and help us shape the future. Coherent– We are not developing a vision on a clean slate. History has taught us that we have to understand our constraints, human nature and build on top of the existing buildings, cities, and infrastructure. Proactive – Many of our building solutions have been responsive. We need more forward thinking and better planning. Scalable  – We are interested in the mainstream buildings, not the most advanced buildings in 100 years. 



Single Control 
Point

IEEE Spectrum, June and July issues, 2015
S O U R C E
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everydaydigitals.com/heres-what-i-think/21/apples-wearable-device-will-be-more-nike-fuel-band-than-pebble-watch
9to5mac.com/2015/03/06/sources-offer-hands-on-apple-watch-details-battery-life-unannounced-features-and-more/
www.businessinsider.com/facebook-to-buy-oculus-rift-for-2-billion-2014-3
now.avg.com/should-businesses-worry-about-wearables

S O U R C E



Personalized 
Environment

IEEE Spectrum, June and July issues, 2015
S O U R C E



Optimized 
Resource Use

Community
(Other Buildings)



Multifunction 
and Diverse 
Service



Multifunction 
and Diverse 
Service



Modular, 
Programmable 
Building 
Components



Seamless 
Interactions of 
the Human & 
Natural 
System

Air-Cleaning
Water Purification



Resource & 
Service 
Transactions 
Between 
Buildings Energy Generation 

and Storage 

Waste Heat 
Recovery  

Air-Cleaning
Water Purification



Supporting 
Community 
Cohesion Community and Scalability 

Energy Generation 
and Storage 

Waste Heat 
Recovery  

Air-Cleaning
Water Purification



Operation in 
Low- or Non-
Resource 
Situations

Community and Scalability 



Multimodal 
Transportation 
Systems



Tracking 
Environmental 
Impact & 
Receiving 
Feedback in 
Real Time



Quantifiable, 
Improved 
Health, 
Well-Being & 
Productivity

Range of Building Services
Health Benefits

Consumption of Resources
Environmental Impacts

Resilience



Multiple 
Design, 
Ownership, 
Operation 
Structure 

Range of Building Services
Health Benefits

Consumption of Resources
Environmental Impacts

Resilience



Eight 
Characteristics

Community & 
Market

(Owners, Tenants, 
Developers, Other 

Buildings)

Utilities & 
Infrastructures 
(Energy, Water, Waste 

Treatment, Transportation)

Environment 
(Air, Water, Ozone, 
Climate, Materials, 

Biodiversity)

Building Components 
and Systems

E UO

E1 Seamless interactions of the 
human and natural system in the 
built environment

E2 Tracking impacts on 
environment and receiving 
feedback in real time

U1 Optimized building-grid interactions 

U2 Multimodal transportation systems
B1 Modular, durable construction and 
interoperable, adaptive building 
components 

O1 Optimized systems for personalized 
environment and improved health and 
well-being

C

B

C1 Multifunctional and diverse 
services to support community 
cohesion

C2 Multiple design, ownership, 
operation structure and 
comprehensive market values



What are the 
implications for 
today’s research, 
technology 
development, 
and design 
practice? 

Presenter
Presentation Notes
To envision the future, we need imaginations. Hollywood is known for that. In the si-fi movies, we basically see three version of buildings of the Future.



O1
Modular, durable construction 
and interoperable, adaptive 
building components 
• Personalized environment
• Self-learning building systems and 

intuitive building operation 
• Quantifiable, improved health, 

well-being and productivity



Quantifiable, 
Improved 
Health, 
Well-being & 
Productivity

Presenter
Presentation Notes
Another positive example – same spaceOperable windows



Personalized 
Environment



Personalized 
Environment



Real-time 
Feedback



Smart Home



Smart Home















U1
Optimized building-grid 
interactions 
• A combination of centralized and 

decentralized utility infrastructure
• Resource and service transactions 

between buildings and between 
buildings and infrastructure

• Operation in low- or non-resource 
situations



Resource and 
Service 
Transactions • Connected buildings share 

services and utilities

• Scalable solutions via 
personal devices

• Optimized resource 
distribution



Engagement at 
Scale

Advanced Metering Initiatives and Residential 
Feedback Programs (Karen Ehrhardt-Martinez et al 
2010)

S O U R C E



Continuum



Office Space

GLUMAC OFFICES IN PORTLAND



Building



Block

KASHIWANOHA IN CHIBA PREFECTURE



District

KASHIWANOHA, CHIBA PREFECTURE



District Scale: 
EMS

KASHIWANOHA, CHIBA PREFECTURE



Microgrids
today

UCSD Microgrid









How will we 
use 
technology?

Find your favorite spot
Optimizing controls

Special needs

Measure building performance











Buildings tuned just to people’s needs



Microgrids: where are we today?





Market Demand / 
Viable Projects

20%

11%

61%

8%
Availability of Financing

Technological Advances

Regulatory / 
Entrenched Stakeholders



C2
Multiple design, ownership, 
operation structure and 
comprehensive market values
• Recognized building performance in 

dynamic real estate market 



Recognized 
Building 
Performance 
in Dynamic 
Real Estate 
Market 

• Buildings and their services 
are owned by multiple parties 

• A building’s market value 
reflects its holistic 
performance

• Communities are also 
valuated by multi-dimensional 
performance metrics



Non-dedicated 
Office Space

Telework

Collaborative 
Work Spaces

Standardized 
Desk Spaces

250 185
Square feet/person 

in 2004
Square feet/person 

in 2014







People 
Performance 
Indicators

Presenter
Presentation Notes
http://fortresslearning.com.au/wp-content/uploads/2012/11/Fortress-Learning_Manage-People-Performance.jpghttp://inhouserecruitmentgroup.com/wp-content/uploads/2013/12/productivity.jpghttp://buildingontheword.org/wp-content/uploads/2015/10/happiness.jpg



Building 
Performance 
Indicators



Measurement 
and 
Verification



Neighborhood 
Performance 
Indicators

Active & Vital Streets Mix of Uses

Public Transit Access



District 
Opportunities



SW Ecodistrict

• The plan proposes a district water system that meets multiple objectives and 
can be built at an incremental cost

• This creates an opportunity to meet many of the living building (city) petals

Presenter
Presentation Notes
This planning effort was initiated to respond to two important directives that came out in 2009:This is a wonderful image to begin with because I think its hard to imagine sometimes what we’re talking about when we call this area an “ecodistirct”.  And its daunting to think about how to make this happen.We are going to talk about how we are working with our local and federal partners to develop a business case to reshape a federal enclave in the monumental core into a vibrant place to work, visit, and live in a manner that showcases model sustainability practices. The Southwest Ecodistrict Plan lays the groundwork for the area’s redevelopment into a highly sustainable mixed-use community. It is a roadmap for the prioritization and logical phasing of projects, and a governance and implementation strategy. 



Question & 
Answers
Discussion



Nora Wang nora.wang@pnnl.gov 

Amy Jarvis amy.jarvis@zgf.com 

Lindsay Baker lindsay@buildingrobotics.com 
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