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PROJESf OYERVTEW

This research, development, and demonstration project

is divided into three major task areas:

1. establishment of goals, framework, constraints' and

methods;

2. design, analysis, and evaluation of c¿ndidate integrated

systems; and

3. demonstration of integrated systems in scale models'

field tests, and buildings.

Ta¡k Ane¡ l: Goal¡ ¡nd ConÍr¡l¡t¡

grated enveloPe sYsteus'

Ta¡k Areo 2: Deeign and AnalYcb

tration

are tem or

Set llrmef-
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Figure 7 schematic room section withoptimum systern| integrarion' In!!4"1h?: are photovoltaic curtqinwall elements

(pV), ,sv,itchoøt". glozirg, aîayliglúiíg tpü;;l;yt;r^ lthe líght shelf), shaiting devices ' 
and eficient lighting'

at 1.5 V//ft2 lighting power density. The four proûotype

systems were:

o baseline-no shading, tinted glazing;
o shades with spectrally selective glazing;
¡ motorized blinds with spectrally selective glazing;

. tight shelf with spectrally selective gl¡zing'

T..r A¡e¡ 3s Denot¡¡tnt¡o¡

This task area is an opportunity Ûo field test and

monitor our inægrated sysÛems and ûo demonstrate their

potential and feasiUility Ûo others. In the ñrst phase of the

n-jor, we initiat€d two simultaneous paths in this tssk

area: (f) partial or small-scale demonstrations of advanced

prototþ'systems prior to commercialization and (2) fuU-

Lal" á"moo.trations in resl construction projects of i¡ærim

integrated systems (using available tecbnologies that are to

be ilements of the future advanced inægrated systems)' The

rEason for these two near- to mid-term approaches is our

recognition that new technologies must be well tested before

tney witt be adopted into construction' In later phases we

will pursue full-sc¿le demonstrations of advanced systems'

We have begun to esüablish selection criteria for

demonstration candidates, have selected two poæntial short-

term projects to dat€, and have spent several months

working directly with their dasign tesms' These two

p-jot have helped us develop an initial method of
-'linteraction with design tesms who are exploring new

technologies. Iæssons learned from these efforts should

,prove,hilhly useful, both for the promotion of emerging

tecn"Uolio in later phasas aod for utility dasign assista¡ce

prog*-i. Once we hlve successfully promoted inclusion of

intelrated technologies into ¡ constructed project, we will
Schematic operational diagratn for an ine-
grat ed envelop e / li ght i n g sy st em.
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TABLE 1
Desþn Variations of the DOE-2 Building Simulation Model

No Shades and Shades Parametrics

Losl City

2 Window SYstems

4 Glazing tYPes

2 Lighting Power densiúes

1 Building orientation

ls.

Tinted, reflective, spectrally selecdve and

low-E (see Table 2)

1.5 Wft2 (16.17 Wm2)
1.0 wft2 (10.78'W/m2)

North-south

Motorized Venetian BIinds Parametrics

I-osI Crty

l Window SYstem

I Glazing ryPe

2 Lighting Power densities

l Building orientation

Light Shelf Parametrics
I-osl Crty

l Window SYstem

4 Glazing tYPes

2 Lighting Power densities

1 Building orientation

Tinted. reflective, spectrally seJq$ye' pd
low-E îor the lower glazing unlq' "clear".

double-pane glazing at upper glazlng unlt'

1.5 '¡¿7ft2 
(16.17 W/m2)

1.0 V//ft2 (t0.78 W/m2)

North-south

I
t

RESULTS

Gostt ¡nd Con¡tralnt¡

326

t



TABLE 2

Characteristics of Glazing Types Utt{ il Design

VJì"Aã^ "f 
the DOE-2 nuitaing Simulation Model

Description

Reflective

SpectrallY
Selective
l-ow-E

Modified for
blinds
Upper light shelf

Ke Effective
0vis/SC) APerure A' (Tvis'

U-value
(BtuÆt2'
h'f'¡'t

Shading
Coeffr-

cient

Visible
Transmit-

tance

0.373
0.373

0.373

0.373

0.373

0.20
0.30

0.41

NA

0.8s

0.10
0.37

0.61

0.500

r.233

1.488

0.048

0.178

0.293

NA

NA

Solar

SC.

0.096
0.144

0.197

NA

NA

tt'*

NA

NA

NA

NA

¿ur

rk {.

NA

shifts in de'sign priorities before new technologies are

quicklY adoPted'

Derfn rad AnalYrb

van et al. 1992)

The companion effort of examining priorities end

poæntials for the development of integrated systems' as

ïiewe¿ from the dasign and construction industries' yielded

the following ñndings:

legislation.
3. Nãw technologies require careful introduction to the

market, since news of f"il"t" travels fast and lives long

4. low PrioritY
for profound

32'7
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Figure 3

(lighting electricity, cooling due to lights, cooling due

to solar) was inform¡tive in comparing alternatives and

isolating performance tradeoffs.

Dernonrtr¡tlon

In our early demonstration activities, we initiated two

short-term demonstration partnerships. By deñnition, short-

term projects will not offer the possibility of demonstrating

the advanced syst€m integration we Propose to develop over

the next few years; however, they are helpful ia promoting

pieces of these integrated systems that are currently com-

mercially available. They are also a vehicle for us to learn

the bqst method of interaction with a full design team and

client so that demonstration of future prototypical systems

will proceed smoothly through the design and construction

phase.

10 15

Annual Energ¡' Use (kWh/ft2-Yr)

328

Both of our short-term demonstration projects utilize

the combination of spectrally selective glezi¡g, solar control

devices, efficient electric lighting, and daylighting controls'

Both have as their primary goals (1) reduction in energy

use, (2) reduction in electric peak demand, and (3) maxi-

mum visual comfort for a pleasing and productive work

environment. Both projects are utility office buildings' one

device is a modification of the light shelf principle, where

75200 5

Annual total electricity use for 4 PrototyPicnl comme

an impaa assessment stuþfor new combínations of
and maximum ELS values mark the range of perform

simulation. This range is compared to datafrom other

ing stock
potentíal.
are denot NBECS: Energy Information Administration 1988"

ELCAP: Taylor and Pratt 1989; BECA-CN, CAL-BECA: Piette anà Rilq 1986')
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Fígure 4

called a passive solar optical device (Architeaural Graphic

Standarcls 1988). Perforrnance is enhanced with the ap-

plication of a "solar daylighting reflective film' to the upper

surface of the device. The film has a high sp€culer reflec-

tance but also slightly diffusqs and broadens the outgoing

reflected beam ûo spresd light evenly over a large ceiling

area and thus improve interiãr tighting quality' A sample of

our analytical results for predicted energy performance of

the Los'Angeles building is shown in Figure 5' The

improved Oaiignt distribution performance for the sPecisl-

irå tgnt ti"lf ¡t comP ed to two more conventional

fenestration oPtions in Figure 6.

IrrScusslox

Our Phase I analysis has allowed us to better under-

stand the key parameters that affect the energy performance

of integrated lighting and onvelope systems' 'We have exam-

ine¿ tneir effect on both the lighting and cooling energy

performance of an office building on an hourly' monthly'

"o¿ 
*orr.t basis and have come to several conclusions

related to their dasign and performance prediction:

1. The criteria by which the dynamic shading device is

deployed in the model c¿n have a significant impact on

thå ir"ai"tø success or failure of the integrated

I
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Fígurc 5 Computer-simulated Performance of the first
catdìdate demowtralìon buìlding, compare¿

tu our 1995 target value for Los Angeles

(Sutli data

.from An'
gebs ri et

aI. 1989).

more sophisticated control strategy that seeks an

optimum between these two effects should allow us to

rEúizn greater savings. This will 6s ¿ major focus of

the Phase II effort.

impact on the total whole-buitding energy use' Future

work will oonoentraþ on a more detailed daylight

analysis,
tion of da

us to the

with respect

4. The cooling
significantlY
afternoon h
component of the cooling demand through the reduction

in the overall fenestration shading coefficient, sig-

nifi
tral
fici
In the future, swiÛchable glazings with dynamic shading

coefficients will optimize the cooling and daylighting

tradeoffs.

Fígure 6 Light dìstríbutìon ønalysis for first candidate

demorctration building, comparing (toP to
bouom) a simple wirúow, a statúard light
shelf, arú the proposed 'passive optical light
shetf for an east orientation facde. Room

section is shownfor each option with horizon-

tal dayliglu íllwmínation measured at work-

plane hcight ploned through the section. Note

the third optionhas the most uniform distribu'
tion atú thus imptìes an environment withbss
poteúial for wirúow ghre. Measurements

retba clear day solar co¡tditiotts 4t 9 4.m. on

September 2I at latìtude 34"N.

Pbase II is perceived risk in the application of new tech-

nologies. Rese¡rch and development of new technologies in

Phase II will include new and improved methods of perfor-

mânce modeling and simulation, leading to demonstration,

to reduce designer risk'
Demonstrations are important but difficult and expen-

sive to carry out. Iszues of schedule, budget, and risk often

conflict with requirements for the demonstration. One

powerful lesson emerging in our work to d¡te is the

reminder that persistent hurdles remain in basic attitudes

smong designers regarding even the most proven of
building technologies and strategies that we have long

I

t
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regarded as attractive. A major accomplishnent of short-

term demonstrations may simply be a greater overall

acceptance i¡ the community for daylighting; this nonradical

change in attitude would have far-reaching impact. We now

better understa¡d that a demonstration project begins with

some base level of general education of the participants,

who may all enter the project with different degrees of
preparedness, and then conti¡ues with zubsequent specific

education at each stage of dasign or for each innovative

design strategy proposed. A focus on education of design

professionals may become an important aspect of this

demonstration phase in order to increase the potential for
efficient design to eventually occur witbout intervention

from outsiders. Vy'e have started üo develop a specific

procedure for demonstration participation and will refine

this throughout the project.
Good candid¡æs for demonstration are those projects

with time i¡cluded for exploration and research. For
example, both of our short-term demonstration projects

have a pre-schematic 'res€arch' phase, a highty unususl

addition to the traditional design stages initiated by the

utility clients. In spite of this, we still find there is not

enough time or budget allocst€d for significant strategy

exploration and analysis. An ideally attrective demonstra-

tion, particularly if advanced building systems are to be

considered, will have an even longer research phase and/or

zuch a phase will begin with more clearly deñned objectivas

or starting points. As this is unlikely to occur on a broad

basis, we need to find alternative mesns of expediting the

work that requires so much predesign time.

Finally, we look at our demonstration Projects with an

eye toward lessons for design assistance in general, with the

objective of providing utilities with useful inforrnation for
demand-side management Prograrns. These projects have

reminded us that energy-efficiency expertise and knowledge

of new technologies is in high dsmand. Our involvement

has been welcome, which indicetes a likely widespread
justiñcation for effective design assistance programs. In
terms of our project demonstrations, we have concluded

that design assist¡nce should b€ tsckled from three fronts:

it should provide experts for direct consulting at the

beginning of the project, provide a data base of case snrdy

'models of success,' and provide continuing education to

enable repeat performances witbout assistance. This latter

iszue should ultimately be addre'ssed with the development

of a new generation of more powerful, sophisticated, and

user-frieodly design tools. Vy'e are developing proÙotypes of
portions of zuch tools for use in later phasas of this Project.

CONCLUSIONS

Although more efficient envelope and lighting com-
ponent ùechnologies have been developed in recent years,

they are us€d in a piecemeal manner, and their performance
falls short of predictions. New emerging technologies with
even betûer perforrnance potential can be expected to

encounter the same problem. Thus, while the technic¡l

potential exists for significant energy savings in California

commercial buildings, the full impact of these new tech-

design freedom with respect to new technologies.

We believe the problem is be'st addressed through (1)

better application of existing discrete technologies and (2)

combinaiion of tecbnologies (hardware and software) inùo

inægrated systems for whole-building optimization' The

.,r""ot of new technologies depends not only on their

real-world applications due to several significant a'spects of
buildingdasign a¡d construction. We have characterized the

issues and our apProach in Table 3.

Demonstration projects are an important strategy for

accelerating the introduction and wide acceptance of new

tochnologies. Other mechanisms to assist are utility incen-

tives, utility-sponsored dasign assistance, and, ultimately,

advanced tools to assist designers in specifying advanced

technologies and in providing some assurance of perfor-

manoe.

Our proposed integrated systems should improve

occupant comfort and productivity in buildings. Buildings

with advanced integrated systems would be considered

"intelligentbuildings"; this is a more accurate and complete

inÞrpretation of that description than often used in tbe

architectural and engineering Press today. Thus, our focus

in the rem¡inder of the project will be to examine the links

components.
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TABLE 3

Probl€m Approrch

Building designers arc not awarc of existing and emcrging high-
performance envelope and lighting technologies.

Identify the most promising unden¡sed existing technologies and

thc most promising emerging technologies and examine missed

opportunities and cument obstacles with respect to thei¡ wider
application.

Building designers ar€ not comfortable deviating from st¡nd¿rd
practice or arc not knowledgeable enough to use ncw
technologies without help.

Provide designers with appropriato lools to sssist in design,

speciûcation, and performance evaluation of advanced envelope

and lighting tcchnologies

Building designers arÞ not confident in the pcrformance of new
technologies.

Provide gc¿ter aasurance to designers of the expected

pcrformance of individu¡l technologies and of new, integraæd

technology systems.

Develop demonstration projects as an integral vehicle to verify
performancc cla,ims, gencrate inærest, and reduco percæived risks

by other designers.

When new cnvelopc and lighting technologies arc used, they are
typically applied in a piecemeal fashion that yields less than
optimal results.

Devclop new conc€,pts for íntegrated technology systems and

creste proiotypes for ûcsting and analysis, with appropriate

industry participation.

Provide analysis of new technologias in the context of wholc

building performance, rather than in terms of discrete

components, and movo toward packaging technologies as

inægrated systems.

Ncw technologies are oftcn presented to thc building community
in a manner that docs not recognize thc various constrsints and
priorities influencing dcsign decisions, impeding quick adoption
of these technologies.

Encourage industry to develop and market these technologies in
coll¡boration with design and construction representatives so that

new systoms meet the full range of needs in the building sector.
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