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/“\l A Fenestration/Lighting Impacts on
S— Building End Use Energy Consumption

Buildings consume 39% of total U.S. energy
71% of electricity and 54% of natural gas
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Vision: Energy Losers --> Neutral -->
Net Energy Suppliers reeenny] |
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8 » Heating climates

— Reduce heat losses (U) so that ambient solar energy
balances and exceeds loss

— Need very low U but moderate solar gain
81 - Cooling climates

— Reduce cooling loads: very low SHGF

— Static control -> dynamic control
 Mixed climates

— Requires dynamic solar control
o All climates

— Replace electric lighting with daylight
» Electricity supply options

— Integrate Photovoltaics with Glazing




ey National Energy Costs/Savings:
| Windows in Commercial Buildings
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What if all windows in commercial buildings were replaced (Cgt
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Energy/Demand Management with

Active Facades+ Daylighting Controlsm

30000 30000
Typical commercial Peak demand reductions
building load profile during curtailments
25000 - 25000 -
Electric
Demand Lighting: 75%
o000 | Air conditioning: 25% Reduced
20000 — .
Other: 10% | Solar Gain

15000 - 15000 -

. Dimmed
Lighting

10000 -

10000 -

I I
) ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ : l I
0

0

1 3 5 7 8 11 1315 17 19 21 23 1 3 5 7 9 11 13 15 17 19 21 23
Time of Day

Time of Day

Lawrence Berkeley National Laboratory  —



Advanced Interactive Intelligent Facades
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e “Advanced”:
— Improved, high performance technology
— Dynamic response to changing external, internal conditions
* “Interactive, Intelligent”
— Mode
- Manual vs automatic
- Intelligent, Adaptive
— Occupant
- Personal control
- Comfort, Satisfaction, Productivity
— Facility Operator -
- Energy, demand (T
- Life safety
 “Facades’

— Glazing, Shading, Framing,
— Lighting - HVAC functions
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Exploring Intelligent Control Systems

Task
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Dynamic
Window

(active control of daylight,

glare, solar gain)

Lighting
Systems
(with dimming
ballasts, sensors)
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Smart Coatings for Dynamic Control of Windows
Balancing Cooling and Daylighting /\
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 Flexible, optimized control of solar gain
and daylight

« Passive control
— Photochromic - light sensitive
— Thermochromic - heat sensitive

1 OFFH

 Active control
— Liquid Crystal
— Suspended particle display (SPD)
— Electrochromic

» Active control preferred; but requires
wiring windows for power and control

(1 ON”



Electrochromic “Smart Glazing” Program:
Coatings/Optics Laboratory <--> Systems Testbet\ .
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<-- Flexible testbed; any glass,
shading and daylighting control
system can be tested,;
Extensive instrumentation

—>

. Interiors are highly instrumented, but
can be fitted as office space for
use by workers to test reaction to
the new technology.
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Systems Engineering for EC and
Lighting Control
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The New York Times
HQ Building

Owners program:

» Highly glazed facade gives workers views
and allows the city to see “news” at work

» But glare, cooling, visibility etc

Need/GoaI

Develop integrated , automated shading and

dimmable lighting system
— Affordable, reliable and robust

»  Transform the market- push these solutions . & '. ;
toward widespread use £ |

Challenge: 44 B
» How to develop a workable, affordable -

integrated hardware/software solution
» How to “guarantee” that such a solution will Renzo Piano/ Fox & Fowle/ Gensler/

work in practice Flack+Kurtz/ Susan Brady Lighting

| ONAL L ABORATDOR Y
age 13



Facade Layers

External layer: Fixed
-- Shading, light diffusion

Glazing layer: Fixed

-- Low-E, spectrally selective i
- thermal control
- solar gain control

-- Frit - solar, glare control

Internal layer: Dynamic
-- Motorized Shade system
-- Solar control
-- Glare control

Facade Layers: Floor to Floor
floor to desk
desk to head
head to ceiling
plenum



Approach: Field Test Performance In
North

a Full-Scale MockuE ‘

» Shading, daylighting,
employee feedback
and constructability:
~4500 sf 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



Explored Shade Control Strategies for
Motorized Shades using Simulation

« Each shade system has its own sensor and motors

 Performance will vary with floor elevation, view
out, and neighboring buildings.

 How to address this variance?

e Build a virtual model of the building in its urban
context using hourly weather data simulate
performance
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Hours per day equivalent [hrs]

10

Optimizing Openess vs Glare Control
South facade, Floor 6 vs 26

shade operations for Lw>2000 cd/m2for <30 min/year /\\ ‘ﬁ
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The New York Times Headquarters: i
Shade Commissioning Tool being Tested«

|||‘
_ EEEEEEEEEEE

ar .

B GO % /@ IO\ TR




National Lighting Energy
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Impact of Electronic Ballasts and T-8 Fluorescent

Lamps on Lighting Consumption 20

Annual Shipment of Ballasts iIn Fluorescent Lighting in
US (1988 — 2003) Commercial Buildings (2001)
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Challenge: Reducing Lighting

Energy Use by Factor of 5

Most “recent” progress has been made by
reducing “lighting power density”,
Watts/sg.m

— Replace less efficient sources with
more efficient:

- Incandescent (17 lumens/W) -->
Fluorescent (90 I/w)

— Improve light distribution from sources:

- Inefficient fixture with more optically
efficient fixture

New opportunities e.g. Solid State Lighting 1o
— Promise: 200 lumens/W in 20 years...

But many practical limits to further
improvements

Where else can BIG savings come from?? s

Light source efficiency
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1. Use more efficient lamps and fixtures, best suited to specific tasks
2. But, Lighting design, operation and energy use (should also)

Vary with task
- Task lighting needs- e.g. talking on phone vs brain surgery
- Task vs Ambient lighting needs
Vary with location in building
Vary with user
- Age, use of glasses, medical conditions,....
Vary with time
- e.g. available daylight, load management need,....
- Contrast: night vs day

Address perception in the space as well as more easily measurable
engineering units, e.g. lux

3. Solution: Lighting controls - deliver light to target:

--when needed
--where needed
--at correct intensity



Lighting wastes energy because “smart”
dimmable lighting controls are not widely used

Major Lighting Control
Strategies

Vacancy Detection or Scheduling
Automatic Dimming with Daylight
Tuning Strategies
Personal dimming controls
Institutional requirements
Lumen Maintenance
Demand Response




Good Lighting Controls Work

(but too much light can be a problem) — |

Daily Energy Use (6 A.Mto 6 P.M.)
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Data from
advanced
lighting controls
demonstration

in Emeryville, CA
(1990)



Measured Results from Lighting Controls Studies
Provide a Range of Savings

Measured Results from Federal Building

m Occupant sensors
18 - 26% savings in private
offices

m Bi-level switching
20 - 23% savings in private
offices

m Daylighting
15-40% savings in open-plan
spaces

m  Occupant sensors with

daylighting

40 - 45% savings in private
offices

~
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BemceLer Lighting Research Group

Probability
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Energy Savings from Occupant Sensors
3rd Floor, 21 Offices, Occupied Days, June 1 - Dec. 31, 1998

People who don't leave office during day

People working without overhead lights
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Vertical axis shows the percent probability of obtaining the
energy savings indicated on the horizontal axis. Bars sum to
100%.



LBNL Lighting Control R&D Directions

m Embed intelligent devices in ballasts, switches, sensors,
monitors etc

m Address major communications and networking
protocols and platforms:

Wired: for new construction
Wireless and powerline carrier: for existing buildings

m Goal - Multifunctional systems to capture greatest
energy, demand response, economic benefit from
Investments

m Instrumented field demonstrations to evaluate impacts

m Integrate with optimal whole building controls

Lighting Research Group



IBECS: Integrated Building Environmental Control System
an intelligent gateway for unifying disparate building networks

Facility Manager's | [[]]
Workstation

Occupants’ Personal
7] Computers

Ethernet (existing)

More |

microLANSs as
necessary % IBECS is an Embedded Device Network designed to
integrate building and lighting controls with related

\‘ﬁ Bridge sensors and meters

microLAN

Network Interfaces . . . . . . . .

“» \\ O
Lightin '='
Jaang @ ﬁ Other sensors:
Equipment S
O O O K — . Temperature
_ _ - Light Motorized Lightin
_FIXtIUI’e with Wall switch sensor Occupant blind/louver P%werg CO,
dimming ballast sensor  Electrochromic VOCs
window Meter

Acoustic



Networking Protocols for Lighting Control in Buildings

Analog (0-10 VDC
Digital (DALI

_ighting ballast industry has

elected DAL as it ~ Powerline Communications
standardized wired digital
protocol Unified PowerBus
No generally accepted Phase Cut Carrier
powerline communications
scheme
ZigBee is leading contender —
for future wireless lighting and
building control products I

ZigBee




Single Chip Mote Feasibility

Demonstrated *°

Wireless Control by single-
chip mote demonstrated in
ACM & Ballast

A

Single Chip mounted to a board
for integration with lighting
components

S
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WiLight: A Novel Application of Energy-Scavenging
Wireless Communications

E Battery-less
Transmitter
Radio Bridge

Bi-Level lights (2 x 20 Amps)

|
|
|
|
~ Transceiver [
~ r— B

\./ |
Radi D Dual [
288 - >>> % Rerays I
<<< ~||Radio| | & |
DR modes: D || Analog I
1. Normal < | | Dimming ||’
2. Moderate I
|

: Dimmable lights (up to 50

- - I analog dimming ballasts)
WiLight ___.

Demand

Internet

Response Price
Server




Potential Impacts of Applying Wireless Lighting Controls to CA Buildings

Projected Impact of Wireless Lighting Controls on CA Commercial
Lighting Energy Consumption
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The Future: ALL lighting should be:

 Dimmable
e Addressable
e Intelligent

» (Multifunctional)
» (Integrated with BMS)
» (Affordable)

New York Times office with dimmable
lights and automated shading

» Need BOP, protocols, etc



