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Building Energy Demand Challenge:
End Use Energy Consumption ﬁ

BERKELEY LAB

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 ==l
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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?



Defining a Pathway to the
Future e

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

Henry Ford



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%0 of
the reqional average for that building type.

An eqgual amount of existing building area be renovated annually to meet a fossil-fuel,
energy-consumption performance standard of 50%b6 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 aregional, climate sensitive focus
— _Opportunities, problem areas
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Background and Context - 2
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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
— AlA 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 - 3
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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



How (NOT) to Engage Owners in the

Business of Energy Efficiency and

 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, ....)



A Different Approach:
Two “Owner”-Targeted programs ...

A
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* 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)



Elements of Commercial Program
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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



Bad News <--> Good News
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Not trivial to make this work

— If it was simple we wouldn’t be here

— But existing models - Auto, Aircraft, Big Box Retalil

— 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

ALLIANCE TO

SAVE ENERGY




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



Planning Team Structure
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Industry
Advisory Council

Funding

Steering Committee Organizations

Integration Team

- Comm’l Segment Teams

r . N Office Retail Lab
Domain teams

Lighting
HVAC

Enclosure

IT
Financing
Delivery Process

Operations

Policy
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Scenario 2:
New Buildings Save 50% plus 20% Retrofit.

Savings by 2030
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“Greening the Capitol”
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Goal: Reduce the impact of operations of
the Capitol complex to “carbon neutral”

Lawrence Berkeley National Laboratory  —




Building Systems Integration

Opportunities oy
PP

Underlying Building Information Model

Smart Integrated Design

Intelligent, Adaptive Controls for Occupant <-> Facility Manager
Efficient technologies

Smart, responsive component and systems

Owersized Fuel Cell
Cooling Tower

PV FPanels

Electrochromatic Glazing
[ntegrated with Thermal
and Daylighting Systems Weather Station bor
Load Prediction and

Control

Cimming Ballasts with
Efficient Fixtures

VAN Boxes with
Duct Pressure Reset
Electric Load Optimization
with Real-time Pricing;
s Multiple Buildings
Automated Blinds % |5 E —| T Occupancy Controls,
. i 11 Adr Quality Sensors
Awnings S — —
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Efficient Boiler with Heat Recovery



Conceptual Design for a Carbon-Neutral Office
using an Integrated Building Facade Systems

EEEEEEEEEEE ‘

/ Lighting HVAC

Utility
Pricing
Signal

Building
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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/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

e 1,600,000 sq.ft.
» Full glass facade
e 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: ~4500sq g |
ft mockup i

» 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




Win-Win Partnership o :

OwnerTeam:
Justify investment
Resolve technical uncertainties

Qualitative assessments
f’\ Reduce Risk- Reduce cost

Public Sector
Energy Efficiency :
Commitment to goals
Resources

Research Lab:
Technical Facilitator
Owner’s Agent
Problem solver
Objective Arbitrator

Manufacturers:

Solve integration issues

Understand user response issues
Reduce Risk - Reduce Cost




Progress Toward Cost Effective Dimming Electron
Ballast L
e §

Initial
estimates

$/ballast
100

.
Static Electronic
Ballast
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The New York Times Headquarters: }
Shade Commissioning Tool being Tested:« ﬁ‘




New York Times HQ \
Occupancy 2007 ceceer] f

Major construction complete
Commissioning underway
Occupancy 2007

Extensive monitoring planned

R T




Intelligent Control of Dynamic Systems
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Task

Requirements Dynamic

Window
(active control of daylight,
User glare, solar gai

Preferences

erior Condit D Smart Jgnting
nterior Conditions COntrO”er (witr¥dimming

ballasts, sensors)

Weather
Conditions

Load Shedding/

Building
Performance
(cost, comfort,

operations)

Demand Limiting
Signal




LBNL Facade Test Facility :

f(reeeer ﬂ
EEEEEEEEEEE

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.



Switchable Electrochromic Windovg:A
rrrrrrr :

. LBNL full-scale windows field test facility



Technology: Low-E Windows
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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




Low-E Windows: Impacts :

R&D Action
— DOE R&D program
— Industry R&D investments --> investments in production

tneray Heseareh at 00

Impacts:
— Low-E Glazing Market growth WOAS IT WORTH IT?
1980: 0 5 ey
1990: 120M sf 11 .

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




Advanced Windows Can Become Energy Producers
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Single Glaze: U=1

Double Glaze: U =0.5

Low “e” U = .35 (Energy Star)

R6 Window U = 0.17(Dynamic Niche)
: : R10 Window U =0.10
- Loss . (Dynamic Wide Spread)

+ Gain

1973 1980 1990 2000 Lawrence Be%ggl&/ National LaboratoryzoZD




Next Generation Prototype “Zero Energy” Window
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» 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??




WINDOW+ Suite

New: WINDOWSG!

1 IGDB
] E (Specular
- |- Glass Data

of Too
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| Source)
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CGDB
(Complex
Glazing Data
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Simulation Tools
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(Window
Frame)
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www.efficientwindows.org
(Efficient Window Collaborative) -,
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» Promotion,
Education,
Training, ...

» Alliance to Save H HDW 1[1 SFIE['[ an
E = ;
Partnership: with £ Enﬂr*gﬁ,r 'Efficient Window
LBNL, U Minn,.... (o

 Website, books, e Benefits of
design guides,.... What's New —anm-[1ECE Y f__fn:*lent Windows
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Resources
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http:www.efficientwindows.org
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B iicient Windows CoZlaborative

YOUR GATEWAY TO INFORMATION ON HOW TO CHOOSE ENERGY-EFFICIENT WINDOWS

Rosourecs Publications Centact Us

WINDOW SELECTION TOOL WINDOW TECHNOLOGIES BEMNEFITS

Efficient Windows Collaborative (EWC) members have made a commitment to manufacture
and promote energy-efficient windows. This site provides unbiased information on the
benefits of energy-efficient windows, descriptions of how they work, and recommendations
for their selection and use. Take a look to learn more!

= The thirc edition of Residential Windows: A Guide to
MNew Technologies and Energy Performance is now
available and provides upcated and expanded
informaton on window properties aid technologies,
as well as new seclions un such key lupics as winduw
installation, energy efficiercy, and building codes.
More information=

» The EWC has devzloped toolkits for manufacturers,
designers, and bullders who seek to provide their
custome-s with low energy costs and comfort through
efficient windows. See toolkits=

= Claim atax credit for installing energy efficient
windows in your home. On February 21, 2006, the
Internal Revenue Service released a guideling
detailing how the tax credi: works. Learn mores

n et utilitizs help you finance more energy-efficient
windows for your home. Download an overview of
Utility Programs that Offer Incentives and
Rebates for Energy-Effident Windows»

= Deacision makers in the low-income housing cector can
find options for financing energy efficiency measures
through this web portal presented by the EWC.
Download "Impruvinnr Energy Performance in
Low-Income Housing"

» The Efficient Windows Collaborative is excited to
announcs the launch of @ new database of efficiency
initiatives including tax incentives, building code
changes and legislative initiatives. See what's going
on in your state»

This site is sponscred by the EWC with suppert from twe U.S. Department of Energy s Windows and Glazngs Program
and tha participation of Industry members.

What's New | Membership | Resources | Publications | Audience | FAQ | Contact Us | Search
Window Selection Tool | Window Technologies | Benefits
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Home » Window Selection

®®Efficient Windows Collaborative

Membership Publications Centact Us

WINDOW SELECTION TOOL WINDOW TECHNOLOGIES BEMNEFITS

Window Selection Tool

Select a condition:
Compare costs for a typical houwse by selecting a condition, window type, and a city. ENEW Construction
The annual energy use from computer simulations for a typical house in your city can —_— _
be compared for different window options. - Existing Construction

Y

% Select a type:
s  Windows
i Skylights

Select a city:
| A¥ Anchorage l%]

. Compare Casts |

When selecting windows or skylights:
» Look for properties on the NFRC Label.
» Look for the ENERGY STAR®.

» Perform simultations using RESFEN.

Design Variations:
» Glazing Area

» Shading
» Orientation

American Architectural Manufacturers Association (AAMA): Window & Door Manufacturers Associaticn (WDMA):
AAMA Is the source for performance standards, product e] WDMA is a trade association representing

certification, and educaticnal programs. The AAMA online approximately 145 U.5. znd Canadian

Certified Products Directery is the »est resource manufacturers and supplizrs of windows and

avallablz for locating produds to achieve air, wzter, doors for the domestic and export Bl
structural and forced entry rasistance code comgliance. markets. WDMA members manufacture high

performance products designed and built to performance-based
standards.
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B iicient Windows CoZlaborative

Membership

Publications

Home » Windew Selection » Demnwer, CO

Contact Us

WINDOW SELECTION TOOL

WINDOW TECHNOLOGIES

BENEFITS

Denver, Colorado

ENERGY STARE Properties:
U-Factar = .35

Energy Costs
Maotural Gas: $0.992/thcrm
Electricity: $0.120/k\Wh

Colorado Factsheet

State Code Information

Window33

Window Search

Triple-glared with Moderate-Snlar-Gain

Low-E, Argon/Krypton Gas
Insulated Vinyl or Fiberglass

Window30

Double-glazed with High-So'ar-Gain Low- SHEC - 56

E, Argon/Krypton Gas
Insulated Vinyl or Fiberglass

Window34

Triple-glazed with Low-Solar-Gain Low- o ~n op

E, Argon/Krypton Gas
Insulated Vinyl or Fiberglass

Window31

Double-glazed with Moderate-Solar-Gein SHOC - 46

Low-E, Argon/Krypton Gas
Insulated Vinyl or Fiberglass

Select Glass:  [All glass types] 4
Select Frame: " [All frame types] | :]
EMERGY STAR®: Yes [
Constructicn Type: New @  Existng O
Product Type: Windows ™ Skylights
(" search for Windows |
EMNERGY
STAR® Manufacturer
Properties Annual Energy Use Qualified Information
U=.18
SHGC = .40 v Products
VT = .50
40 §z00  §400  go00 §e00 1000
U=.29
v Products
VT = .58
40 $z00  $400 o000 $s00 1000
U=.18
v Products
VT = .43
40 §z00  §400  go00 §e00 1000
U=.27
v Products
VT = .60
40 $z00  $400 o000 $s00 1000
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Efficiant Windows

wrenw.afficlantwindows.ong

Collaborative

- L Colorado 16 made upofa
’ haating dominated climate and
a miad climate Bhak requires

Poth heating and cooling.
Fasrny Svaa® Fnnan

[ Maorthern Cloate Zons (mesily haaling)
L MorthvCentral Cimate Zana (heating & codling)
E southwCentra Climats Zons haaling & cooling)
B southam Clinats Zome (meetly soaling)

Benefits of High Performance Windows

Cooling and Heating Season Savings
| nw-F rnafingr, gas-fille and inssleting spanses and framas can
significantly reducs wntar heat loss and summear Feat gan.

Improved Daylight and View

Mew glazings with low-eclar-gan lowE coatings can reduce saiar
heat gam signficantly with 2 minimal leas of viekle ight ([compaed
o odder tintzand films).

Improved Comfort

In summer and wintsr occupant comfort is increased; window
temperatures: ars more moderats anc thers ars fewer cold dra‘ta.
Dizcomfort fiom strong summer sunlight iz reduced.

Reduced Condensation
Frame and glazing materals that resiat heat corduction do not
bacome cold and thie resuits in less condensation.

Reducad Fading

Coatings on glasa or plastic fitme within the window assembly can
significantly raducs the ultraviolet (UV) and other solar radiation
which oauoco fading of febroo and fumichingo.

Lower Mechanical Equipment Costs
Using windowa that signficant’y reduce solar heat gan means that
cooling equipment costs may be reduced.

B Fact Sheet: Selecting Energy
7= Hficient Windows in Golorado

1. Leok for the Enmey STan®

The Deparment of Ensrgy (DOE)
and the Environmental Protection
Ayoncy (EFA) have develpod uan
Eueray Star (wanwansngystargov)
dazignation for products mesting
CEMain anangy 1rormance critsna,
Since parformance of windows and
akylighta vary by climate, product

endati pvan faor th
four Enenar Smi cimate znen. To LN SAICLL LA
diztinguish betwesn Enesay STaR
products, go to Step 2.

2. Leok for Efficient Window Properties on the
NFRC Lahel

The Mational “snestration Rating ™ [resrTRry—
% Writhe

Councd NFRG {www.nfrc.crg) has
developad a window rating system
bazsd on whole window sroduct
performance. The NFRC labsl L g
prowvides the only reliable way o 0.35 0.32
determing the enargy efficiant r
propertes and o compars products. "“ﬁ“g‘.‘"‘* "‘ﬁ“"z‘““'
The NFRC lasbal appears on all
fenestration products which ars :*_—-_:.%"_E"—:*_x
part of the Ereray STAR program.
Ses Page 2 for the rscommended
proparties for this climate. For typical cost savings from efficient
windows in a epecdic locaton, go to Step 3.

3. Compare Amnual Energy Costs for a Typical
House

Gompuier simulations for & ypical
2000 sguare-foot house ae used
to compare the annual snergy
parformance of differsnt window
tyase. A comparigon of the ansngy
per o na o w sl ol winduess fus

thia climate bagine on Page 3.

4. Customize fneray Use Calculations for a Specific
House

A computer simulation plogram,
such as RESFEN (windowslbl.gow

7
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Design Gmdes/lnformatmn Sources .
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Window Systems for High
Performance Buildings:
Norton Press 2004

Tips for Daylighting Guide: http://windows.Ibl.go
Selective Glazings Application Guide: http://wind

[EA Daylight in Buildings Source Book:
http://gaia.lbl.gov/iea21

High Performance Building Facades: http:/gaia. |l

" Commercial Bu1ld|ng Fa(;ades

Building Technologies Program, Environmental Energy Technologi
Ernest Orlando Lawrence Berkeley Mational Laboratory, University of California

DOE/EE-0173

Federal
Technology

Alext Spectrally Selective Glazmgs

A publication series 1 faw techinology t o while enian
designed to speed the b
adoption of energy-
efficient and renewable
technalogies in the.
Federal sector

Prepared by the
New Technology
Demonstration Program

Daylight

A SOURCE BOOK ON DAYLIGHTING
SYSTEMS AND COMPOMNENTS

chile still providing te  When spectrally sel ing is




B0 Commercial Windows

| - [ & | 4 hep: / Jwww.develop.csbr.umn.edu/doe /commweb/design_chicago2southdemo. htm| - feh

e Search Results Login To: Co._ lletin Board Mail = Welc.. Net WebMail Activity Page MySQL Manu.. L Accounts Marc Livana._ .es — MySQL g

Windows for High Perfnrmance Cnmmercml Buildings
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Home = Window Design Decisions

Home Window Design Decisions
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