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Where do we want to go?

* Reduce building energy use: one of many
“stabilization wedges” towards reducing carbon
emissions to 2005 levels?

» Goal: Zero-energy buildings (ZEB) by the year
2025 using leap-frog technologies such as
dynamic facade systems in combination with
renewable energy sources

1 Pacala, S. and R. Socolow. Stabilization Wedges: Solving the
Climate Problem for the Next 50 Years with Current Technologies. http://www.time.com/time/specials/2007/
Science 305: 968-972. environment/



Can we attain Zero-Energy goals?

« EnergyPlus simulations used to estimate technical potential of reaching
ZEB goals across the entire US commercial buildings sector (all building
types) and to prioritize technologies

« Energy efficiency reduced sector-wide consumption by 43% on average.

« With photovoltaic PV rooftop systems and unrestricted export of power
across the grid, 62% of commercial buildings can reach net zero if
buildings first complied with ASHRAE 90.1-2004.

* No single technology was found to produce dramatic improvements in
efficiency

« Combinations of efficiency measures resulted in larger reductions than
use of individual measures alone.

Griffith, B. et al. 2007. Assessment of the Technical Potential for Achieving Net Zero-
Energy Buildings in the Commercial Sector. NREL/TP-550-41957.
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Where are we today?

Pre-1990s: Occasional use of smart
facades (Hooker Building with double-
envelope facade, Bateson Building, etc.).

1990s: Landmark status double envelope
facades used in numerous EU buildings

2000s: Interest in smart facade
technologies and systems increasing

— Increased pressure to deliver smarter
buildings with greater functionality in a
competitive marketplace: market
differentiation

— Decreased cost for networked
intelligent whole building systems

— Increasing interest in optimizing
performance across multiple
parameters - sustainable architecture

1993-2005
215 buildings =~

IEA-ECBCS Annex 44 Perino and Serra

Advanced Integrated Facades: An Overview,
March 2006.
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Exhaust-air facade
with operable window shades

E ¢ & B F

querldftung - kombifost cross vertilation - combiieast

GSW’s Eco Skyscraper, Berlin (52°N)
Architect: Saurbruch Hutton
Completed: 1998



An “Intelligent” Facade

Provide solar control

— Block direct sun to avoid thermal and visual discomfort

- ASHRAE 55 Thermal comfort: subject is not irradiated by
direct sun

- |ES RP-1-04: orb of sun is not within field of view

— Control solar heat gains to minimize heating or cooling
energy use and ensure thermal comfort

- Collect solar heat gains and distribute as a heating source
- Reject solar heat gains to reduce cooling loads

Provide comfortable daylight
Provide fresh air to interior while minimizing noise

Enhance occupant health, comfort, and performance:
maintain view to outdoors, combat SAD, etc.

Reduce operational cost based on energy cost signal from
the utility

Gather energy (photovoltaics)
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Proof of Concept

(Laboratory Performance Data)

Durability and
Integrity Testing

*LBNL Full-5cale Testing

* MREL R&D, Durability Testing

&

Workmanship
Demonstration

* ASTM Testing
* Manufacturing QC

= complete

= in progress

= incomplete

Testing Standards

Performance Testing

Rating Standards
Mot Required [ I Required
Energy-Efficiency Std's ICA)
] *Energy Star, HERS NERC
*U.5. Green Bldg LEED

Energy Code Compliance
(Title 24, ASHRAE 90.1-2)

o

Performance-Based
Implementation

Modeling Tools

*DOE-2
*Energy-Plus
*Window5
*Radiance
*Int’l Glazing Database

* Prescriptive
* Performance

S

{

g EI Market Adoption / Deployment |é

Design Builder
Guide Life Pricing
i
Product

Performance f/ Cost
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Electrochromic Windows R&D
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If Glare and Solar Control Is so important,
Why not integrate this function into the glazing?

Switchable
electrochromic
glazings
(dimmable via
0-3VDCQC)



Operable
facade
components:
Motors or
actuators for
shading
devices, light-
redirecting
elements,
operable
windows, or
switchable
glass coatings

Definition of a smart 16
building skin

Interior or exterior sensors that measure relevant
guantities that are used by the controller

Control algorithms: Accepts input from sensors or
computations then determines how to position the operable
facade components



LBNL Windows Testbed
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Integrated Facades Approach

* l|deal: Integrated
approach to facade-
lighting-HVAC
building systems to
achieve optimum
energy-efficiency and
comfort.
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Slopes vary depending on efficiency
of lighting and HVAC systems

Energy Use‘

Increased
lighting energy ~——
use and heat

gains

— Increased solar
T heat gains

Minimum energy use
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Human subjects study In
LBNL windows test facility

(switchable electrochromic
windows)
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Human Factors

The semi-automatic and automatic modes of the EC
were judged significantly more desirable than the
reference mode (static window with Venetian blind)

Occupants were more satisfied with the EC window control
system than the reference mode due to:

— Glare control
— Control of reflections on the computer screen
— Ability to control windows and lighting system

(South-facing, winter solstice test) With EC windows,
Venetian blinds pulled definitively when window luminance
exceeded 3000-4000 cd/m?

Size, switching speed and color were not major barriers to
acceptance

24



Human factors: EC + shade use

e Subjects used the blinds
significantly less often
when they had some
control over the EC
window tinting and
electric lighting.

e Semi-automatic and
automatic modes resulted
in significantly less blind
use than reference mode.

Blinds were fully raised for:

— 77% of sessions in
semi-automatic mode

— 79% of sessions in
automatic mode

Number of subjects

| Shades used?
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Experimental results - EPFL

26

Controller type | Energy Thermal Visual Rejection

saving comfort comfort after 4 weeks
(satisfaction) | (satisfaction)

Manual 0 % 84 % 86 % -

Smart, not 25 % 84 % 88 % 25 %

adaptive

Smart, 24 % 86 % 89 % 5%

adaptive to

user's

preferences

Guillemin, A. 2003. Using genetic algorithms to take into account user
wishes in an advanced building control system. PhD. Dissertation, Ecole

Polytechnique Federale de Lausanne (EPFL).
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The New York Times
Headqguarters, New York, NY

* In 2003, The New York Times ‘
approached LBNL regarding m
feasibility of using automated M
shade and dimmable daylighting -
control systems in their new i
headquarters building (1.2 Msf)

e Questions:

— Cost versus potential
benefits?

— Features and performance of
commercially-available
systems?




NYT Key Concerns:

Optimizing Trade-offs

» Floor to ceiling, clear, low-iron, spectrally-selective low-e glass
— Tv=0.75, SHGC=0.39, U-factor=0.28 Btu/h-ft*>-°F

— Horizontal ceramic tubes,18-inches off exterior face of
window

« Control system trade-offs with automated shading:

— Direct sun control: thermal comfort with UFAD system +
visual comfort

— Absence of glare (disability, discomfort, luminance ratios,
computer display visibility)

— Reduced peak solar load (depending on fabric choice and
control)

— Maximize daylight (lighting energy savings, peak demand
reduction)

— Maximize interior brightness, combat gloom
— Maximize view out (meaningful stimuli, reduction of stress)

— Preserve design aesthetic of a “transparent” facade






Approach: Test Energy/Comfort Performance in a

Full-Scale Mockup

« Furniture, daylighting, North ==
employee feedback and
constructability: ~450 m?,

4500 sf mockup “

e Core Concerns:
— Window glare (Tv=0.75)
— Daylight harvesting potentiai

* Northwest — Southwest corner of
a typical floor

* Investigate diverse technological
solutions by multiple vendors

* Real sun and sky conditions in
nearby climate zone, 6-month
monitored period: winter to
summer solstice
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South

West
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Mock-up
Instrumentation

Illuminance sensors

Workstation instrumentation at
occupant position with LCD
screen

— Luminance and illuminance
sensors

— Webcams (10-min time lapse
throughout the day)

Quantified lighting energy
savings, visual comfort, and
control system behavior

Surveyed occupant comfort and
satisfaction



Direc

3%-open
shade fab
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Sky Glare can be a Problem

as well as Direct Sun

Measured data

(cd/m?)

12/15, 10:00AM




Shades down (partial on south)

Measured data

(cd/m?2)

12/15, 10:00AM




Luminance Measurements at Typical
Workstations

1:3 1:3 remote
1:3 remote
/ 1:3 \
/ B
13 \‘1:3



Window luminance: west, vernal equinox, config 1 or 2, sunny,
Eglo.avg = 35-53 klux




Window luminance: west, vernal equinox, config 3 or 4 sunny,
Eglo.avg = 35-53 klux

For 10 days over the 6-month (solstice-to-solstice)

monitored period, the west window luminance was greater
than 2000 cd/m? for 10-54 minutes of the day.




Measured Average Daily Lighting
Energy Use Savings

As of May 2008;
Avg LPD =0.35
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Energy/ Demand Management with Activess
Facades + Daylighting Controls

Electric
Demand

15000

10000 4

30000
Typical commercial Peak demand reductions
building load profile during curtailments
25000 +—
Lighting:
oo | AT conditioning:  25%

Other:

| awrence Berkeley National Laboratory

Reduced
Solar Gain

Dimmed
Lighting



. Function: How does it do 1t?

NYT
site
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Sensor Design and Placement

What Is sensor measuring?

sensor angular response
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Photosensor
correlation to work
plane illuminance

f(X)=?

>
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Daylight control zones with DALI ballasts
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photosensor \

Simplify wiring
and cabling to
reduce install
costs




5. Include commissioning and 53
verification in the specifications



LBNL shade
commissioning cart at
The New York Times
Headquarters Building




Step-by-step How-to Guide
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Significant Outcomes

Market Outcomes

Single, largest procurement of automated
shades and daylighting controls in the U.S.

Tremendous industry response (established

product demand): significant change in product

offerings, features and capabilities at lower
cost
— Dimmabile lighting controls:
- From: fixed topology 0-10 V systems

- To: digitally-addressable, open protocol
systems with individual fixture control

capability - enables zone reconfiguration,

photosensor tuning, demand response,
setpoint tuning all via software

— Shading controls:
- From simple direct sun control

- To direct sun, solar heat gain, glare, view,
and daylight control optimization

Competitive pricing for both material and
installation costs

Procurement specifications, tools, and
performance evaluation publicly available

Scientific Qutcomes

Major technical advances in fagcade-
daylighting control systems

— 1st extensive study showing that digitally
addressable dimmable lighting has
significant advantages over conventional
hard-wired systems

— 1st demonstration of automated shading
control solutions that accommodate
daylight-glare-view-solar heat gain trade-
offs

1st large-scale field monitored study that
3uar_1t|f|ed performance benefits of integrated
aylighting solutions
— 100+ datapoints, monitored 24/7,
1x/minute, 1+ year

— Energy use, control system, visual
comfort, human factors surveys data;
results publicly available

1st time owner has verified performance of
daylighting systems using on-site
measurement tools prior to occupancy




Project Team and Partners

Funding Agencies
— New York State Energy Research and
Development Authority, DOE, California
Energy Commission (CEC)
— In-kind cost share from CEC-DOE
Electrochromics Field Test project
Project Team
— Diverse team of 23 LBNL staff members
— The New York Times Corporation, Real Estate
Division
Consultants
— Institute of Energy and Sustainable
Development, DeMontfort University, UK
— Greg Ward, Anyhere Software
Collaborations
— Fraunhofer Institute for Solar Energy
Systems, ECCO-Build EU project
— International Energy Agency (IEA) Task 31
Daylight in Buildings in the 21st Century

e Industry Partners

— Advance Transformer Co.

— Lutron Electronics, Inc.

— MechoShade Systems, Inc.

— Siemens Building Technologies
» Architectural/Engineering Consultants

— Renzo Piano Building Workshop

— Fox and Fowle

— Gensler Interiors

— SBLD Studio, Inc. Lighting

— Flack + Kurtz

— Turner Construction

— Gardiner & Theobald

— Constantin Walsh-Lowe, LLC

— NaturalWorks



Conclusions

High-performance facade solutions require a cross-
disciplinary approach to address:

— Direct sun control

— Glare control

— Lighting quality

— View

— Daylight admission for lighting energy savings
— Solar heat gain/ cooling load control for HVAC
— Daylighting control system performance

Industry is working toward more cost-effective
solutions with features that address practical
building owner and occupant needs

Further work is needed to make these solutions
routine, cost-effective, and reliable for all
applications.
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Project Advisory Committee
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http://lowenergyfacades.lbl.gov
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Information Resources

Lawrence Berkeley
National Laboratory

Eleanor Lee

Building Technologies Department
Lawrence Berkeley National Laboratory
Building 90-3111

Berkeley, CA 94720

Email: eslee@lIbl.gov

More Info:
http://lowenergyfacades.|bl.gov

Electrochromic windows
http://windows.|bl.gov/comm_perf/Electrochromic
The New York Times Headquarters

http://windows.lbl.gov/icomm perf/newyorktimes.htm
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