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Course / Learning Objectives
•

Participants will learn about an integrated vision that is defined in the
context of environmental issues and resource availability, and be able to
apply that vision to the retrofit of existing buildings and the design of future
buildings.

•

Participants will discover key design trends and cutting-edge technologies
that could change the current building paradigms in which buildings are
passive source consumers rather than active players in cities and
communities.

•

Participants will understand how the architectural community can
collaborate with scientific and engineering societies to improve the way
buildings are designed, built, and operated.

•

Participants will learn how to incorporate essential but diverse metrics,
such as energy efficiency, affordability, occupant productivity, and occupant
health, into current and future design practices towards the ultimate goals
of cost-effective, sustainable, healthy, and productive buildings.

Agenda
• Buildings of the Future Introduction (Pat, 10
minutes)
• Implications (Panelists, 15 minutes)
– Urban Planning (Dave)
– Architectural Design (Mary Ann)
– Building Technologies (Pat)
• Group Discussions (20 minutes)
– What can we do to realize the vision?
• Report Out (15 minutes)

Polling Question #1
What are the top 2 factors that will
shape the future built environment?
a)
b)
c)
d)

Advances in Material Science and Manufacturing
Energy Market Changes
Governmental Regulations
Increased Use of Automation, Controls and
Information Technology
e) New Building types, Ownership Models, Sharing
Economy
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Introduction:
Buildings of the Future Scoping Study
Nora Wang, Ph.D.
Pacific Northwest National Laboratory
Pat Phelan, Ph.D.
Department of Energy

Funded by the Department of Energy Building Technologies Oﬃce

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 onequarter of current levels.

What will buildings be
like in 100 years?
What roles can or
should buildings play in
our lives?

Building Stock Turnaround

Assuming 80 years of average service life; NOT including added building volume.
Today's average building
“Future” new construcFons and major renovaFons aLer 2050
High eﬃciency building (<10 years old today)
“Future” new construcFons and major renovaFons
aLer 2080
New construcFons and major renovaFons towards “Net Zero”
April 29, 2016
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Buildings over 40 years old
New construcFons and major renovaFons towards “Carbon Neutral”

An Integrated Vision
Future
Buildings

The path is unclear due to the lack of an integrated vision.

Carbon
Neutral

Zero
Energy

Smart
Grid

Reduced
Potable
Water Use

Zero Waste

Comfort &
Produc<vity

Resiliency
Security

Mission Statement
Work with thought leaders from
government, industry and the
public to create an integrated
and coherent vision for
buildings of the future.
This vision can be used to identify
R&D opportunities and develop
proactive and scalable solutions for
the future mainstream buildings in
the U.S.

B Modular, durable
construction and
interoperable, adaptive
building components
• Modular, durable building
components adapting to changes

Community &
Market
(Building Services,
Transportation)

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

E Seamless interactions of
the human and natural system
in the built environment
• Providing onsite ecological
functions and maximizing onsite
resources
• Linked to broader ecosystem with
local strategies
• Tracking real-time impacts and
receiving feedback

services to support community
cohesion
• Multifunctional building services and
diversified work patterns
• Multimodal transportation systems

• Multi-functional building envelopes
• Programmable and interoperable
building components

C Multifunctional and diverse

Building
Components &
Systems

• Recognized building performance in
dynamic real estate market

Utilities &
Infrastructures
(Energy, Water,
Waste Treatment)

O Optimized systems
for personalized
environment and
improved health and
wellbeing
• Personalized environment
• Self-learning building
systems and intuitive building
operation

U Optimized utility
networks
• A combination of centralized
and decentralized utility
infrastructure
• Resource and service
transactions between buildings
and between building and
district
• Operation in low or nonresource situations

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

Green City, Clean Waters, City of Philadelphia/WRT

David Rouse, AICP, ASLA
Managing Director, Research and Advisory Services
American Planning Association

URBAN SCALE

Design Across Scales
Buildings, District, City…

Musee de Quay Branly, Paris

Green City Clean Waters, Philadelphia

Envision Charlotte NC

African Urbanization
http://hir.harvard.edu/archives/6038

…Global Implications

Trends / Drivers of Change
Climate Change
•

Extreme weather, heat, drought, sea level rise

Resource Depletion
•
•

Projected annual consumption of 140 billion tons of
minerals, ores, fossil fuels, and biomass by 2050
Projected world population of 11 billion in 2015

Technology
•

Unpredictable, disruptive effect

Health / Equity
•
•

Emergence of chronic diseases as our new epidemics
Disparities in health outcomes

Process
Big Data + Technology + Inclusion / Equity?

Geodesign =
Geography + design for
people, powered by
technology
Courtesy: Carl Steinitz
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C Multifunctional and diverse services
to support community cohesion

First Mile Last Mile Strategy, Los Angeles

Kansas City Microtransit

Google self-driving car

Multimodal transportation

U Optimized Utility Networks

Ecodistrict Performance Areas
• Equitable Development
• Health + Well Being
• Community Identity
• Access + Mobility

•
•
•
•

Energy
Water
Habitat + Ecosystem Function
Materials Management

Outcomes: performance across scales

E Seamless interaction of human and
natural systems in the built environment

Green City, Clean Waters, City of Philadelphia/WRT

Green Infrastructure
Culture + Nature

Mary Ann Lazarus , FAIA, LEED AP
Principal, MALeco

BUILDING SCALE

Ballard Library and Neighborhood Center
Seattle WA
Bohlin Cywinski Jackson Arhitects
AIA Honor and COTE Top Ten Awards

E Seamless interactions of the human and
natural system in the built environment
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Source: Linnean Group

water filtration
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E Seamless interactions of the human and
natural system in the built environment

William Jefferson Clinton Child Center and Orphanag
Port au Prince Haiti
Credit: McClellan Design and HOK

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

Singapore

Interlace Residential
Singapore
OMA

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

Packard Foundation
AIA Top Ten & Honor Award
EHDD

O Optimized systems for personalized
environment and improved health and wellbeing

Credit: EPA

O Optimized systems for personalized
environment and improved health and wellbeing

NEST Thermostat
Comfy Building Robotics

O Optimized systems for personalized
environment and improved health and wellbeing

HEB Montrose
AIA Top Ten Award 2016 | Lake Flato

M Modular, durable construction and
interoperable, adaptive building components

U Optimized utility networks

3D Printed Prototype SOM and Clayton
Homes

M Modular, durable construction and
interoperable, adaptive building components

Josey Pavilion Top Ten Award 2016 | Lake
Flato

Edith Green Wendell Wyatt Federal Building
Top Ten Plus Award 2016 | SERA Architects

M Modular, durable construction and
interoperable, adaptive building components

U Optimized utility networks

Josey Pavilion Top Ten Award 2016 | Lake
Flato

Image of city over time

Credit HOK City of Future Competition

Pat Phelan, Ph.D.
Manager, Emerging Technologies, Building Technologies Office
US Department of Energy
On leave from Arizona State University

BUILDING TECHNOLOGIES

Limits to Building Energy Eﬃciency:
How Low Can We Go?
Source: 2015 DOE Quadrennial

Technology Review (Chioke Harris,
Jared Langevin, Jack Mayernik, &
Brent Nelson)

EUI = Energy Use Intensity

Ideal assumpFons:
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Ø AdiabaFc walls and windows
Ø Carnot heat pump for space heaFng
and cooling
Ø Carnot refrigerator
Ø Carnot heat pump water heater
Ø Carnot heat pump clothes dryer

Climate-Specific Annual Energy Consumption

Climate Zone

City

6A, Very Cold

Minneapolis,
MN

5A, Cold

Chicago, IL

4C, Marine

Seahle, WA

3A, Mixed-Humid

Atlanta, GA

3B, Hot-Dry

Los Angeles, CA

2B, Hot-Dry

Phoenix, AZ

2A, Hot-Humid

Houston, TX

Ideal Minimum Site
Energy ConsumpFon
Per Unit Area (kWhr/
L2)

Actual NaFonal
Average*
(kWhr/L2)

3.61
3.29
2.75
2.63
2.32
2.42
2.67

14.84
14.84
11.64
13.01
12.05
12.05
11.46

ExisFng homes consume > 4 Fmes the ideal thermodynamic
limit.
* hDp://www.eia.gov/consump<on/residen<al/data/2009/

LighFng

Source: DOE SSL Program,
“R&D Plan,” prepared by
Bardsley ConsulFng, SB
ConsulFng, SSLS, Inc., LED
LighFng Advisors, and
Navigant ConsulFng Inc.,
May 2015.

HVAC & RefrigeraFon
Refrigerants used today have high Global Warming PotenFal (GWP)
Ø A phasedown in the use of today’s HFC refrigerants has been proposed as part of the Montreal
Protocol.

Near-Term SoluFons

Long-Term SoluFons

Ø “Drop-in” replacement refrigerants

Ø Non vapor-compression systems

Ø Eﬃciency improvements in vaporcompression systems

Ø Magnetocaloric, electrocaloric,
thermoelasFc, electrochemical, etc.

Ø Minimize refrigerant charge through
microchannel heat exchangers

3D-printed
metal heat
exchanger
(University of Maryland,
2016)

Individual
electrochemical
compressor cells
are arranged in
stacks.
(Cary Zachary, 2015)

Windows
Need for highly energy eﬃcient windows with controllable
properFes that are cost eﬀecFve.

Source: Heliotrope Technologies

Building Envelope
Need to derive more funcFonality from the walls, roof, and ﬂoor
(the building envelope)

BuildingIntegrated
Heat and
Moisture
Exchange

Source: Architectural ApplicaFons Inc.

Sensors, Controls, & Interoperability
How can we beher control buildings, and get all the equipment to
talk to each other (and to the uFliFes)?

One Approach to Interoperability: BEMOSS
hDp://energy.gov/eere/buildings/
With BEMOSS discovery agent, we know:
downloads/building-energy-management• The device is present in the building.
open-source-socware-development-bemoss
• Device model number, e.g., 3M-50.
• What the device can do, e.g., monitor temperature and adjust set point.
BEMOSS automaFcally discovers new load controllers deployed in a
building

Power meter
(Modbus)
Power
meter
(BACnet/
Modbus)

CT30
(WiFi)
CT50
(WiFi)
CT80
(ZigBee
SE)

BEMOSS
Core

Light sensor
(BACnet)

ICM
(WiFi)

Occupancy
sensor
(BACnet)

Nest
(WiFi)

HVAC
Load
Controllers
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Sensors/
PowerMeters

Plug load
controller
(BACnet)
VAV controller
(Modbus)

RTU
(Modbus)

Dr. S. Rahman, Virginia

Philips Hue
(WiFi)

Lighting load
Light switch controller
(BACnet)
(WiFi)

Step-dimmed
ballast
(ZigBee)

Lighting Load Controllers

Smart plug
(ZigBee)
Smart plug
Plug
(WiFi)

Load
Controllers
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C Multifunctional and diverse
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Components &
Systems
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dynamic real estate market

Utilities &
Infrastructures
(Energy, Water,
Waste Treatment)

O Optimized systems
for personalized
environment and
improved health and
wellbeing
• Personalized environment
• Self-learning building
systems and intuitive building
operation

U Optimized utility
networks
• A combination of centralized
and decentralized utility
infrastructure
• Resource and service
transactions between buildings
and between building and
district
• Operation in low or nonresource situations

Polling Question #2
What are the top 2 most important
attributes/functions of future buildings?
a)
b)
c)
d)

Increase Health, Productivity, and Wellbeing
Easy to Reconfigure and Upgrade
Governmental Regulations
Predict, Measure, Track Usage and Impact for
Optimization
e) Buildings Sharing and Trading Resources and Services

Past Responses
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Arch Webinar (March 18)
Health Webinar (July 13)

Market values reflect
holistic building
performance

Predict, measure, track
usage and impact for
optimization

Buildings sharing and
trading resources and
services

Codes Webinar (June 23)
Additive Tech Webinar (July 14)

• How might the vision
affect your design
process?
• What resources or
tools do you need to
realize this vision?
• What’s a road block of
implementing in
mainstream design?
How to address?

Fourteen Metrics and Targets
1

Biodiversity (measured at building site using 0-1 Simpson Index of Biodiversity)

2

Imported daily water consumption per person (gallon/person) in buildings

3

Percentage of all U.S. buildings tracking energy and water consumptions, greenhouse gas
emissions (including building and commute), and indicator of indoor air quality in real time

4

Average operating greenhouse gas emissions per floor area (metric ton/m2)

5

Capacity to reduce peak load, and to transact the remaining peak load

6

Percentage of loads within a micro-grid that can operate without external energy supply within a
time period

7

Greenhouse gas emission per person hour (metric ton/person hour)

8

Transportation (for services and commuting to work, except leisure) greenhouse gas emissions per
person (metric ton/person)

9
10

Percentage of all U.S. buildings disclosing normalized healthcare cost, productivity indicator,
operation cost and other performance metrics reflecting buildings’ long-term impacts on
environment and human
Number of unique automatic control points per person

11

Quality adjusted life year related to buildings (years)

12

Productivity (GDP) per unit energy use per floor area for commercial buildings ($/GJ!m2)

13

Embodied greenhouse gas emission per unit floor area per service life year (metric ton/m2!year )

14

Level of interoperability among building equipment, between buildings, and with utilities
April 29, 2016
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Contact Information
Mary Ann Lazarus mary.ann.lazarus@gmail.com
Patrick Phelan patrick.phelan@ee.doe.gov
David Rouse drouse@planning.org
Nora Wang nora.wang@pnnl.gov
Learn more at futurebuildings.pnnl.gov
The final vision document will be published in summer 2016.

