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Building Energy Demand Challenge: 
End Use Energy Consumption

Buildings consume 39% of total U.S. energy
• 71% of electricity and 54% of natural gas
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Reducing Energy/Carbon 
Impacts of Buildings

• Buildings are a big part of the problem, and thus the solution
– 40% of energy use
– 70% of electricity use; (driving carbon emissions due to coal)

• We are not going to dig or drill our way out of this
• Existing market forces are largely ineffective

• It is critically important to rapidly and drastically reduce 
energy/carbon impacts of buildings

• Can We Make a Difference?
• How Do We Reinvent Our Future?
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Defining a Pathway to the 
Future

“If I had asked people 
what they wanted, they 
would have said faster 
horses.”

Henry Ford
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American Institute of Architects 
(AIA) 2030 Challenge

• That all new buildings and major renovations be designed to meet a fossil fuel, 
greenhouse gas (GHG) emitting, energy consumption performance standard of 50% of 
the regional average for that building type. �

• An equal amount of existing building area be renovated annually to meet a fossil-fuel, 
energy-consumption performance standard of 50% of the regional average �

• That the fossil fuel reduction standard for all new buildings be increased to  Carbon-
neutral by 2030 (using no fossil-fuel GHG-emitting energy to operate)
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Commercial Buildings
Background and Context

• Non-Res Sector Technical Potentials are very large
– Fragmented, risk averse industry,  Real progress has been slow
– Must address existing stock as well as new

• Historic focus on “widgets”; now shift to “systems”
– Integrated systems, plug and play,..
– New design tools, new construction processes
– Workforce skills and training will be an issue

• Can’t reach aggressive goals with prescriptive-only approach
• Need Continuum of activities - deployment alone insufficient

– Standards - Deploy - Demonstrate - Research
• Need a “building sector” strategy

– Replicable, extensible
– Size matters vs numbers;   5% = 50% of floor space
– Portfolio approach : % savings vs # of buildings….

• Need a regional, climate sensitive focus
– Opportunities, problem areas
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• Leverage New Market Drivers, Business trends
– Green, sustainable design

- Health, comfort, safety, productivity

– Intelligent buildings
– Distributed generation, on-site power, CHP
– Demand response, load shedding
– Chem-bio response
– AIA Integrated Practice initiative
– Asset Management, Design Build, Outsourcing,...
– Financing, valuation

• Leverage National Activities, e.g.
– AIA 2030 Challenge - “carbon neutral by 2030”
– National Building Information Model (BIM) Standard

Background and Context - 2
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• Take the long(er) view
– Little real progress is made in 3 year increment only

• Define aggressive vision even though you wont get there in 3 or 6 years
– Visualize what it takes to get 70% savings in 15 years
– Plan what it takes to get 50% in 5 years
– Action to Capture the first 20-30% now

• Make performance visible and understandable
– “Can’t manage what you can’t measure”
– More focus on how buildings actually operate

• Assess and Evaluate
– What works  -->  Promulgate, deploy
– What doesn’t --> Fix and Deploy

• Take the facility owner/operator perspective
– Drive decision making, investments and manufacturers offerings

Background and Context - 3
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How (NOT) to Engage Owners in the 
Business of Energy Efficiency and DR

• Owners swamped by yet another “program” approach to building energy improvements; 
ask then to launch numerous major discrete (overlapping) programs:

– Audit programs
– Rebate programs
– Benchmark programs
– Commissioning programs
– Retrofit programs
– Load Management programs
– DR programs
– Renewables programs
– LEED programs
– EPACT Tax Credit programs
– Title 24: Codes and standards
– ….
– ( + Life safety, earthquake, disabled access, ….)
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A Different Approach:
Two “Owner”-Targeted programs

• For New Buildings:
– The “determine performance goals, use integrated design 

approach with state-of-the-art smart systems, construct and 
commission, operate to meet targets” Program

• For Existing Buildings:
– The “benchmark your energy use and set goals, actively 

monitor end use and indoor environmental quality, diagnose 
and fix problems as they arise -> take operational and/or 
investment actions to meet goals, and actively monitor 
feedback, re-evaluate benchmarks in light of costs…”
Program

• Build these programs around a single shared “life-cycle” Building 
Information Model (BIM)
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Elements of Commercial Program

• Define Performance Benchmarks at building system level
– Metrics: energy, demand, cost, carbon…. Stock vs Code….

• Develop a range of design strategies and costs to meet benchmarks
– by building type and climate

• Create key climate-sensitive, integrated building systems solutions
– Envelope cooling load control,  Daylighting, Low Energy Cooling HVAC,…
– On-site power generation and integration
– Provide training, tools, support for “integrated systems”

• Demonstrate strategies and solutions that work
• Create construction, commissioning, operations processes to achieve goals
• Provide Real-time feedback, performance monitoring to assure continued compliance 

with operating goals
• Make building performance visible to occupants, public

– Energy Performance of Buildings Directive in Europe
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Bad News <--> Good News

• Not trivial to make this work
– If it was simple we wouldn’t be here
– But existing models - Auto, Aircraft, Big Box Retail
– Solid case studies: challenge - one of a kind --> standard practice

• Build on existing market interest
– Growing “willing partner” base
– Build on existing interest in “green” agenda

- Broader than energy but overlapping

• Leverage new commercial market trends
– BIM - Life cycle data
– Intelligent buildings - fire/life safety, telecom,…
– Valuation of Energy savings, Green design

• Partner Nationally for the Long Term  ( Think Globally, Act Locally)
– Link to national efforts - most markets are national
– Position short term programs to build on longer term ZEB efforts



Zero-Energy 
Commercial Buildings Initiative

Creating an Action Plan
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Key Program Elements
• Deployment - facilitates widespread implementation of known, 

proven and deployable practices, technologies and building 
systems

• Demonstration - feed the deployment pipelines, providing 
reliable performance data for new systems and solutions that 
exist but are not yet widely known or utilized.

• Innovation - achieving the very aggressive goals of carbon 
neutral buildings will require research- based innovation to solve 
known and emerging problems with technology, systems 
integration, performance prediction, etc

• Investment/Decision support - tools and information 
management at all levels to drive optimal investment of resources 
and effort



Lawrence Berkeley National Laboratory

Integration Team
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Enter data above; then click the 
“apply” buttons
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Scenario 2: 
New Buildings Save 50% plus 20% Retrofit 

Savings by 2030

0
1
2
3
4
5
6
7
8
9

2005 2010 2015 2020 2025 2030

Year

To
ta

l E
ne

rg
y 

C
on

su
m

pt
io

n 
 

(Q
ua

ds
 =

 1
0

1̂5
 B

tu
)

Existing Buildings Retrofit Buildings New  Buildings



Lawrence Berkeley National Laboratory

“Greening the Capitol”

Goal: Reduce the impact of operations of 
the Capitol complex to “carbon neutral”
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Building Systems Integration 
Opportunities

• Underlying Building Information Model
• Smart Integrated Design
• Intelligent, Adaptive Controls for Occupant <-> Facility Manager 
• Efficient technologies
• Smart, responsive component and systems



Lawrence Berkeley National Laboratory

Conceptual Design for a Carbon-Neutral Office
using an Integrated Building Facade Systems
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The New York Times 
HQ Building

Owners program:
• Highly glazed façade gives workers views and allows 

the city to see “news” at work
• But glare, cooling, visibility etc

Need/Goal:
• Develop integrated , automated shading and 

dimmable lighting system
– Affordable,  reliable and robust

• Transform the market- push these solutions toward 
widespread use

Challenge:
• How to develop a workable integrated 

hardware/software solution
• How to “guarantee” that such a solution will work 

in practice

• 1,600,000 sq.ft. 
• Full glass facade
• Occupancy in 2007

• Public/Private Partnership:
– NYSERDA, DOE, CEC
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Approach: Test Performance in 
a Full-Scale Mockup

• Shading, daylighting,  
employee feedback and 
constructability: ~4500 sq 
ft mockup

• Concerns with glass 
facade:
—Window glare (Tv=0.75)
—Control of solar 

gain/cooling
—Daylight harvesting 

potential
• Real sun and sky 

conditions near 
construction site, 
12-month monitored 
period

North

A
B
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Win-Win Partnership

Public Sector 
Energy Efficiency :

Commitment to goals
Resources

Research Lab:
Technical Facilitator

Owner’s Agent
Problem solver

Objective Arbitrator

OwnerTeam:
Justify investment

Resolve technical uncertainties
Qualitative assessments

Reduce Risk- Reduce cost

Manufacturers:
Solve integration issues

Understand user response issues
Reduce Risk - Reduce Cost
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Progress Toward Cost Effective Dimming Electroni
Ballast
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Shade Control 
Components
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The New York Times Headquarters: 
Shade Commissioning Tool being Tested
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New York Times HQ
Occupancy 2007

Major construction completeMajor construction complete
Commissioning underwayCommissioning underway
Occupancy 2007Occupancy 2007
Extensive monitoring plannedExtensive monitoring planned
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Intelligent Control of Dynamic Systems

Task 
Requirements

User 
Preferences

Interior Conditions

Weather 
Conditions

Load Shedding/
Demand Limiting

Signal

Smart
Controller

Lighting 
System

(with dimming 
ballasts, sensors)

Building 
Performance
(cost, comfort, 

operations)

Dynamic 
Window

(active control of daylight, 
glare, solar gain)
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LBNL Façade Test Facility

EC windows EC windows Spectrally selective low-E
Blinds*, no blinds Blinds*, no blinds Blinds*, no blinds
Daylight or glare Daylight or glare
Control mode Tv=0.56-0.02 Tv=0.41

SHGC=0.42-0.09 SHGC=0.23

*Venetian blinds fully down, 45 deg angle
Glare control: When direct sun, Tv of EC=0.05.
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Switchable Electrochromic Windows:

• LBNL full-scale windows field test facility
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Technology: Low-E Windows

• Challenge:  Double glazed windows cost U.S. consumers 
$20+Billion per year in unneeded energy costs

• Triple glazed windows, too heavy, costly
• Solution:  Low-Emissivity Coating and gas fill
• R&D and Market Issues:

– Coating design
– Window Thermal Performance optimization
– Manufacturing technology
– Durability
– Cost
– Integration into a complete window
– Rating and labeling performance
– Field test to verify performance vs Climate, application
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Low-E Windows: Impacts
• R&D Action

– DOE R&D program
– Industry R&D investments -->  investments in production

• Impacts:
– Low-E Glazing Market growth

- 1980:  0 
- 1990:  120M sf
- 2003:  800M sf

• National Academy study
– R&D investment vs Energy Saved and Net Economic Return
– Effective R&D has huge ROI: 

- $ millions invested; $billions returned

• Lessons learned
– Long lead time from Lab R&D to widespread market application
– Widgets vs industry infrastructure- e.g. coating --> window
– Public - private partnerships can be effective
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Advanced Windows Can Become Energy Producers

Double Glaze: U = 0.5

+ Gain

- Loss

1973 1980 2010 2020

Single Glaze: U = 1

1990

Low “e” U = .35 (Energy Star)

2000

R6 Window U = 0.17(Dynamic Niche)
R10 Window U = 0.10
(Dynamic Wide Spread)
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Next Generation Prototype “Zero Energy” Window 

• Current Prototype
– Dynamic Glazing; SHGC (0.04 – 0.34)

- Electrochromic glazing
– Highly Insulating; U Value 0.18, R 5.6

• Ongoing R&D
– Increased dynamic range
– Cost-effective production
– Frame heat transfer R&D (50% of heat lost 

through 20% of area)
– Systems benefits:

- Better comfort
- No perimeter ducts
- No central heating system??
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Design /
Simulation Tools

DOE-2, EnergyPlus
Radiance

THERM
(Window

Frame)

Optics
(Window

Glass)

WINDOW
(Whole Window)

IGDB
(Specular
Glass Data 
Source)

CGDB
(Complex 
Glazing Data 
Base)

calculationcalculationcalculation

RESFEN
(Whole Building

Residential)

COMFEN
(Whole Building

Commercial)

WINDOW+ Suite of Tools
New: WINDOW6!
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www.efficientwindows.org
(Efficient Window Collaborative)

• Promotion, 
Education, 
Training, ...

• Alliance to Save 
Energy 
Partnership: with 
LBNL, U Minn,….

• Website, books, 
design guides,….
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Design Guides/Information Sources

Tips for Daylighting Guide: http://windows.lbl.gov
Selective Glazings Application Guide: http://windows.lbl.gov
IEA Daylight in Buildings Source Book: 

http://gaia.lbl.gov/iea21
High Performance Building Facades: http://gaia.lbl.gov/hpbf

Window Systems for High 
Performance Buildings: 
Norton Press 2004
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“Design” or “Analyze” Mode
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More Info

• Stephen Selkowitz
• Department Head,  Building Technologies Department
• Lawrence Berkeley National Laboratory
• seselkowitz@lbl.gov
• 510/486-5064


