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ABSTRACT 

This paper rev1ews the problems and potentials for using daylighting 
to provide illumination in building interiors. It describes some of 
the design tools now or soon to be .available for incorporating day
lighting into the building design process. It also describes state
of-the-art methods for analyzing the impacts daylighting can have 
on selection of lighting controls, lighting energy consumption, heat
ing and cooling loads, and peak power demand. 



) 

-1-

DESIGN TOOLS FOR DAYLIGHTING ILLUMINATION AND ENERGY ANALYSIS 

Stephen Selkowitz 
Energy Efficient Buildings Program 

Lawrence Berkeley Laboratory 
University of California 

Berkeley .CA 94720 

INTRODUCTION 

A review of award-winning designs for new 
commercial buildings suggests that daylighting is 
a consistent energy and design theme. In any dis
cussion 'of energy use in commercial buildings, 
lighting emerges as a major consumer of energy and 
daylighting almost always follows as an effective 
means of cons~'rvation. But how can one know if 
the buildings described in articles or papers are, 
in fact, effectively daylighted? One can examine 
the design sketches and follow the ubiquitous yel
low arrows of light originating in the sky or sun, 
bouncing one or more times off shading devices, 
light shelves, ceilings, and walls, and finally 
arriving conveniently at the task location. The 
photographs of the finished buildings show glazed 
walls, courtyards, luxurious green vegetation, all·. 
convincingly bathed in daylight, even though car~
ful inspection may reveal that the electric lights 
are always on. The intent in these drawings and 
photographs .is quite clear. Designers of the 
current generation of energy-efficient commercial 
buildings are · convinced that daylighting is a 
major energy-saving strategy and are desirous of 
incorporating these strategies in their designs. 

Unfortunately, bouncing light rays don~t 

always follow the architect~s pen as surely as hot 
or cold water flows through the pipes that the 
engineer lays out. Furthermore, photographs can 
be deceiving because even if a snapshot tells the 
truth for one instant in time, it may not ade
quately express the quality of the indoor environ
ment as experienced by a building occupant. In 
fact, while daylighting is potentially a very 
important energy-efficient design strategy, as of 
1982 it is still extremely difficult to find exam
ples of occupied buildings in which daylighting 
demonstrably saves energy. While many new build
ings are "conceptually~daylighted in the initial 
planning stages, some effectiveness' is lost as the 
concep~ progresses through the design process to 
the working drawing stage. The harsh realities of 
economics and client priorities narrows the field 
further. The bidding process and the construction 

that follows claim still more casualties. And 
even after a shakedown period, the uncertainties 
of occupant response plays further havoc with the 
designer's original concepts. The implied analogy 
to evolution may not be far wrong: of the multi
tude of intriguing daylighting concepts that 
spring from the minds of designers, only a· small 
number survive through des.ign, construction, and 
occupancy to the point where the building's meas
ured energy consumption reflects the success of 
the daylighting strategy. The potential clearly 
exists; the difficulty is in separating potential 
from reality. 

If daylightirtg strategies are to have a posi
tive impact on the new generation of energy
efficient buildings, we need to answer three sim
ple but critical questions: 1) what works? 2) how 
well does it work? 3) why does it work? The last 
question is important because some successful 
designs may work for the "wrong" reasons. Unlike 
many HVAC systems, daylighting strategies are not 
hidden within the fabric of the building but are 
exposed for all to see. Failures, such as terri
ble glare conditions i are of ten obvious and the 
subject of bitter occupant complaints. Success, 
as measured by occupant response to esthetics, 
view, and the overall quality of the indoor 
environment, may be equally obvious and pleasing. 
The energy impacts, however, are less obvious and 
generally' require some effort to quantify. Under
standing the energy issues may be complicated by 
the fact t·hat lighting design is a mystery to many 
architects and engineers, as well as to some 
lighting designers. 

The potential benefits can be listed easily. 
Daylighting can 1) enhance the quality of the 
indoor luminous environment, 2) improve visual 
performance, 3) reduce electric lighting energy 
conslDDption, 4) reduce heating and cooling loads, 
and 5) reduce' peak· electrical demand. However, 
not all daylighting strategies will necessarily 
achieve all five of these goals; in some cir
cumstances achieving several of these .benefits can 



only be accomplished at the cost of reducing oth
ers. To properly evaluate the successes and 
failures of a particular design, it is necessary 
to establish clearly defined goals and objectives 
that explicitly address the five issues mentioned 
above. Ideally, comparing what was achieved in a 
design to what was intended will provide feedback 
that will prove helpful in subsequent building 
design exercises. 

One reason for clearly distinguishing which 
design decisions apply to lighting quality, light
ing energy consumption, peak demand impact, etc., 
is that the design and evaluation tools may be 
quite different for each of these issues. Furth
ermore, the requirement for design tools that will 
enable adequate analysis or evaluation of each of 
these issues will vary depending upon the stage .in 
the design process. As one moves through the 
design process and then through construction and 
occupancy of building, one's concerns differ, 
one's perspective changes, and the quality and 
quantity of information required change signifi
cantly. Failure to recognize this often results 
in applying an inappropriate design tool that may 
produce incorrect or misleading results even if it 
is properly applied. Worse yet, when appropriate 
design tools are not available, one may tend to 
let the design tool output dictate design direc
tion. When one's only tool is a hammer, every 
problem looks like a nail. 

The sections that follow briefly review some 
of the design tools that are currently available 
to assist in designing pleasant, energy-efficient 
daylighted buildings. The discussion is not meant 
to be all-inclusive or definitive, but rather sug
gestive of many of the issues faced by designers 
today and some of the options available to solve 
them. 

PRE-DESIGN ASSESSMENT 

One of the most obvious questions to be 
answered at the start of any project is, what is 
the role of daylighting as both an illumination 
source and an energy-saving strategy, given the 
design constraints for this building? Good day
lighting design, like any other aspect of building 
design, requires an investment of time and energy 
and therefore money. Daylighting design thus com
petes for limited resources with other design 
issues that must be addressed. In some applica
tions daylighting may not be appropriate, in oth
ers it may not be even remotely cost-effective. 
It is thus useful at the outset to evaluate the 
energy savings potential for daylighting. Nomo-
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graphs (Figure 1) or other simple rules of thumb 
may be appropriate to help make quick decisions at 
this point. In the long run, intuition . and 
experience may be one's best guide, but in 1982 
those generally continue to be in short supply. 

• 
~----------------~·-

.... .... !o:....---------------..1 

Fig. 1. The second in a series of four nomographs 
to determine potential daylighting sav
ings. 

DAYLIGHT RESOURCE ASSESSMENT 

To properly evaluate any daylighting design 
we need appropriate data on the availability of 
daylight. We generally want to know how much day
light is available and when it is available for 
various building orientations for a given geo
graphic location. In some cases, we may want sim
ple annual statistical data, in other cases data 
for design events or typical clear and cloudy days 
over the course of the year, and finally, for 
detailed energy analysis, we require hour-by-hour 
data. Although few of these data are now avail
able in convenient form, a number of efforts are 
underway to develop the technical basis for a day
lighting availability data base.. Figure 2 shows a 
sample contour plot of average daylight values on 
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an east-facing surface as a function of the hour 
and the day of the year. This permits a quick 
assessment of average ·conditions throughout the 
year. 

Noon 

Jan. 1 July Dec. 31 

Fig. 2. Average daylight illuminance on an east
facing surface in San Francisco. 

These data can also be manipulated to provide 
information on the frequency of occurrence of the 
full range of exterior daylight illuminance 
values. Hourly dal;a for standard clear or over
cast skies can be calculated using various algo
rithms and can then be presented in tabular form. 
Figure 3 shows numerical data converted into over
lays for a sun-angle calculator. We can expect a 

DAYLIGHT 

ILLUMINATION 

IN A ROOM 

AVAILABLE 

ILLUMINATION 

• TIME OF DAY 

• SEASON 

• CLOUD CoVER 

I MICROCLIMATE 

I AIR POLLUTION 

X 

4000 

number of .the ongoing research programs to produce 
additional useful data for design purposes in the 
near future. 

N::DW.. 'IO SJRFACE 

Fig. 3. Clear-sky, vertical-surface illuminance 
overlay for u.se with sun-angle calcula
tor. 

DETERMINATION OF DAYLIGHT ILLUMINATION IN BUILDINGS 

Determining interior illumination requires 
considering four major sets of factors comprised 
of more than twenty variables (Figure 4). Each of 
these factors can influence the final determina
tion of the daylight illumination level. Many 
design tools ignore or hold constant one or mo~e 
of these factors, often at the sacrifice of accu
racy or applicability of the model. 

X FENESTRATION X 

• LATITUDE 1 SuN CoNTROL I GEOMETRY 

I ORIENTATION ·I FRAMING/WALL 

i LANDSCAPE • SASH 

I OBSTRUCTIONS I TRANSMISSION 

I MAINTENANCE 

• WALL LocATION 

• SiZE 

I SURFACE REFLECTANCE 

I MAINTENANCE 

I FURNITURE 

• TASK LOCATION 

Fi~. 4. Variables that influence determination of interior daylight illumination. 



One of a designer's most difficult tasks may be 
not the use of a design tool but the selection of 
a design tool. Selection implies a) that the 
designer has a choice and b) that the criteria for 
making the decision are understood. Some of these 
criteria are listed in Figure 5. The first set of 
factors relates to the usefulness of the tool, 
while the second set relates to technical require
ments for it. 

DESIGN TOOL 

CHARACTERISTICS 

• LEARNING CURVE 

• EAsE oF UsE 

• AvAILABILITY 

• CosT 

• INPUT REQUIREMENTS 

• LIMITS OF APPLICCABILITY 

• TRANSPARENCY 

• SENSITIVITY 

• STABILITY 

• Jl.cCURACY: ABSOLUTE/RELATIVE 

• QuAN lTV/QuALITY 

• OUTPUT FORMAT 

Fig. s. Performance characteristics of daylight
ing design tools. 

We have a tendency 'to lump daylighting design 
tools into general categories such as calculation 
methods, tabular methods, or graphic methods. How
ever, these categories describe the presentation 
format of tge tool rather than the basis for its 
predictive capability. Figure 6 shows a hierarchy 
of design tools based upon the procedure by which 
they were developed. 

Understanding how a design tool was derived helps 
us understand its capabilities and limitations. 
For example, analytical approaches can be con
verted directly to calculation procedures for hand 
calculations or programmable calculators or can be 
converted into computer programs. However, the 
same analytical solutions might also be used to 
generate a set of data that can then be converted 
into. a variety of other formats such as tables, 
nomographs, protractors, or other convenient 
forms. The final format of the tool may determine 
its ease of use. However, the technical con
straints on the use of the design tool (such as 
accuracy) may be based mostly on the original 
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technical derivation of the design tool. Thus it 
is important to understand how design fools have 
evolved and the technical basis for their predic
tive powers. 

DAYLIGHTING DESIGN TOOLS 
i 

PROBLEM SOLVING 
APPROACH 

1) ANALYTICAL SOLUTIONS 

SOLUTION PRESENTATION 

FORMAT 

PUlER PROGRAM 

CALCULATION PROCEDURE 

PROTRACTORS 

2) SCALE MODEL ----:v--)• E11PIRICAL DATA BASE 

STUDIES 

3l GRAPHIC SOLUTION ----~) PERFORMP.NCE DATA 

<E.G. PROJECTIONS> 

Fig. 6. Derivation of daylighting design tools. 

A second major category of tools are those 
based upon physical model measurements. Once 
again, while model measurements can be used 
directly for design purposes, they can also be 
used to develop a data base from which other types 
of design tools can .be developed. One of the best 
known approaches is the IES Recommended Practice 
of Daylighting. (!) This calculation method which 
has also been converted into a computer program, 
was based upon model measurements made in an 
artificial sky. A detailed discussion of the 
strengths and weakness of the lumen method 
analysis such as the IES Recommended Practice is 
beyond the scope of this review paper. However, 
designers should understand these attributes fully 
in order to make most effective use of the design 
tool. 

In addition to the lumen method, the daylight 
factor approach has been used in many parts of the 
world. Because it has been used so widely for so 
many years, a variety of design tools have evolved 
based upon the daylight factor. The best known of 
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these, besides some of the 'standard tabular data, 
are the set of protractors developed by the Build
ing Research Station. Although originally 
developed for analysis of daylight illumination 
under overcast or uniform skies, the daylight fac
tor approach can also be used, with some modifica
tions, for clear skies. More recently, the some
what tedious graphic and analytical approaches 
have been computerized for use on programmable 
calculators or microcomputers, .thereby speeding 
the determination of interior room illuminance. 

ditions. Figure 7 shows sample results from a new 
main-frame . computer model called SUPERLITE 
(2),(3). The program is capable of handling com-. 
plex building geometries under any sun and sky 
condition; further development is underway to 
enable it to properly model complex sunlit shading 
systems. Figure 8 shows sample results for 
two skylights. 

500 fc. 100 fc. 
12. 

11. 

a. 

Computers will play an increasing role in any 
design process that is analytically based or that 
can be converted to an equivalent numerical basis. 
Computer programs can play two distinct roles. 
They can facilitate simple analysis that ·requires 
repetitious calculations of illuminance in dif-
ferent room locations under different sky condi- § 
tions. Although the analytical model may be sim-
ple, these programs should be "user friendly," 
facilitating the designer's use of the program, 

6. 

and assisting in presentation and interpretation 
of results. Larger and more powerful daylighting 
computer programs permit analysis of sophisticated 
architectural solutions under any sun and sky con-

8. 2. 4. 
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Fig. 7. Sample illuminance contour 
room with light shelf. 
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Fig. 8. Sample illuminance contour plot for a 
room with two skylights. 

SCALE MODELS 

Architects have always used models in presen
tations, but the use of scale models for quantita
tive problem-solving is less routine. Lighting 
effects are scale-independent, so in principle a 
miniature of a large room will register the same 
dayli_ghting response as the full-size room or 
building. Furthermore, illuminance values are 
additive, so lighting levels from daylight and 
from electric light can be determined indepen
dently and then added for the final result. Like 



other design tools, models can be used· in a 
variety of ways. Rough models can be useful for 
making basic decisions about the size and location 
of window openings. At the other extreme, full
size mockups may be built to test· occupant 
response, furniture systems, wall coverings, etc. 
Between these extremes lies the area of most 
interest, where carefully construe ted .scale models 
are used to make critical decisions on the design 
of a real building. Once again, the details and 
features incorporated in a model depend largely on 
the answers one is looking for. Models can be 
used not only to make quantitative measurements of ; 
illuminance levels, but also to investigate view, 
lighting quality, and, to some extent, ·the 
integration of electric lighting systems'with day
lighting. 

As enticing as scale models appear, their 
effectiveness is limited. A practical concern is 
that extensive model testing requires an invest
ment in photometric sensors and associated 
hardware. Some systems cost many thousands of 
dollars, although simpler, cheaper systems are 
adequate. Sensor size, dynamic range, accuracy, 
spectral correction, cosine correc tiori, and hys
teresis effects are all important in selecting 
photometric instrumentation. Sensor placement and· 
movement in the model as well as many details of 
model construction all will influence the .. quality 
of measurement results. 

Models can be tested outdoors under real sky 
conditions or indoors under controlled, simulated 
skies. Outdoor testing can be done at the actual 
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building location so that tilicroclimatic effects 
and site obstructions can be accounted for. 
Effects of direct sunlight can also be evaluated 
and, if the model is large enough and properly 
detailed, some information regarding view and. 
glare can be obtained. But in order to compare 
the performance of various design alternatives, it 
is frequently necessary to compare model measure
ments made over a series of days, during which 
time sky conditions may change significantly. 
Even if appropriate adjustments are made to modify 
the collected data, it is very difficult to get 
highly reproducible results from outdoor model 
testing. This has provided the impetus during the 
last thirty years for researchers and practition
ers to builli sky simulators that allow specific 
sky conditions to be reproduced indoors. Very 
simple simulators based upon diffusing screens or 
mirror boxes can. be constructed and used to. accu
rately test small models under some sky condi
tions. However, to test the full range of clear, 
uniform, and overcast sky conditions, a larger 
facility such as illustrated in Figure 9 is 
required. This 24-foot-diame.ter hemispherical sky 
simulator was recently completed at Lawrence 
Berkeley Laboratory and is being used for a 
variety of research and design studies. Because 
the standard CIE sky luminance distributioll's are 
reproduced in this facility (these are the same 
distributions used in many computer models), 
results from the facility can be used as a basis 
for validating computer models, as shown in Figure 
10. The facility is also being used for teaching 
purposes and to assist design firms iri evaluating 
building design concepts. 

Fig. 9. Cross section of 24-foot-diameter hemispherical sky simulator. 

, 
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lO •. Comparison of measured illuminance in 
model under simulated' clear-sky condi
tions with SUPERLITE and DOE 2.1B coin
puter predicitions. 

LIGHTING ENERGY ANALYSIS 

Having determined the daylight distribution 
in a proposed building using any of the methods 
described, we still will not have a good under
standing of what the energy savings will be. Fig
ure 11 suggests that determining annual lighting 
energy savings requires that the daylight illumi
nation ·previously calculated be factored by the 
characteristics of lighting control systems. Only 
by summing this information over the zones in the 
building, the hours in the day, and the days of 
the year can one begin to estimate annual electric 
lighting energy savings. 

During the past three years, lighting con
trols have been retrofit in several large office 
buildings to d~termine the daylighting savings 
( 4). Figure 12 shows sample res.ul ts for ··a perime
ter zone in an office building in San Francisco. 

ANNUAL 
LIGHTING 
E~RGY 

SAVED 

365 24 

I: l: 
DAY TillE 

~(~::::G)· X 
U SYSTEM 
loNE 

I SENSOR LOCATION 

I TIME RESPONSE 

• ON-OFFIDIIIIIABLE 

• LIGHTIPONER RATIO 

fo.AYLIGHT \ 

\LLUI'IINATI/ 

I LIGHTING SYSTEM TYPE 

I AuTOI1A T1 C YS, MANUAL 

• UsER REsPONsE 

Fig. 11. Process for calculating annual lighting 
energy consumption. 
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·········Clear 

Time of day (hour) 

Fig. 12. Clear, overcast, and average day e~ergy 

savings· in a typical perimeter office. 

Figure 13 shows sample results from an application 
in the World Trade Center in New York, which 
involves not only daylighting contr~ls, but also 
adjustments to the operating schedule of the 
building. 

100 

c: /Baseline 0 

i 600 

'! ---------. 
' with • 0 : overrides .. 

f ' 400 
:I z 

zoo 

2 4 10 12 

Fig .. l3. World Trade Center lighting saving~ 
from use of daylighting and schedul
ing retrofit strategies. 
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To maximize cost-effectiveness, the same lighting 
control hardware may be used both for daylighting 
and for occupancy response, lumen maintenance, and 
fine-tuning light distribution. Results from these 
two demonstration projects suggest that daylight
ing can save between 15% and 40% of the electric 
lighting energy consumption in the perimeter zone 
in an existing building. They also suggest that 
the actual savings will depend upon the arc hi tee
t ural design, the type of lighting controls, the 
design of the lighting system, and the operational 
characteristics of the hardware. Furthermore, 
occupant response to lighting control systems is 
critical to successful daylighting design. Con
trols can be, manually or automatically operated, a 
choice that implies one understands the motiva
tions of office occupants. Lighting levels can be 
switched discontinuously or can be dimmed smoothly 
from high to low levels. Switching systems are 
frequently cheaper but may produce sharp changes 
in light level. Dimming systems are much less 
noticeable but are more costly, representing a new 
generation of control hardware that is only now 
being proven in building applications. Current 
trends suggest that there will be a rapid increase 
in the complexity and sophistication of lighting 
control systems. To be s~ccessful as a daylight
ing strategy, the technical performance of these 
systems must be better characterized and the occu
pant response to both hardware and design issues 
must be better understood. If the performance 
characteristics of the hardware are known and ade
quate data on daylight availability and interior 
daylight distribution are available, annual frac
tional savings can be calculated. 

In translating percent lighting energy sav
ings to actual energy savings (kWh/ft 2 ) and thus 
cost savings, we need to consider the efficiency 
of the electric lighting system. Pre-energy 
crisis designs were consistently above 3 
watts/ft 2 , but recent practice is more typically 
in the range of 2 to 2 1/2 watts/ft2 for office 
buildings. Task-oriented design • strategies, 
improved lighting hardware, and more responsive 
electric lighting controls should push these lev
els even lower -- it should be common to see elec
tric. lighting designed down in the 1 watt/ft2 
range within the next five to ten years. Given 
these ·possibilities for lighting design, the sav
ings from daylighting may not be as large as we 
project today. If we account for the fact that 
much of this savings will occur during midday 
hours, however, the extra economic incentive from 
time-of-day pricing and from peak-load reduction 
will add to daylighting's energy savings. 
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TOTAL ENERGY ANALYSIS 

In addition to reducing electric lighting 
needs, daylighting strategies will impact the 
total energy consumption of a building by altering 
heating and cooling loads in two ways. First, 
reduced electric lighting energy consumption will 
alter the thermal balance of the building, which 
will tend to rec;luce net summer cooling loads and 
increase net winter heating loads. Second, the 
glazed area required for daylighting, which may 
not otherwise have been included, 'may have thermal 
impacts of its own. The next level of building 
energy analysis requires us to consider the total 
energy implications of daylighting, including 
heating and cooling effects. Because there are a 
large number of climate and building variables 
that influence total energy consumption, it is 
difficult to provide generalized conclusions. It 
is commonly assumed that daylighting will reduce 
cooling loads, but in fact that is not always the 
case. Results shown i·n Figure 14 indicate some 
interrelationship between daylighting savings and 
the heating and cooling loads from windows as a 
function of glazing area, type, climate, and 
orientation. These are a sample of results from a 
much larger glazing optimization study, which is 
beginning to define the desirable combination of 
glazing properties and daylighting strategies that 
will minimize total building energy use ( 5) , One 
discovery to da~e is that it is almost always pos
sible to find a glazing system based upon commonly 
available components which equals or outperforms a 
well insulated wall in almost any climate and 
orientation. For at least those solutions that 
prove to be cost-effective, the designer can then 
base fenestration decisions in large part upon 
non-energy issues without paying an energy 
penalty. 

This type of analysis may require a detailed 
calculation of total building energy consumption 
on an hour-by-hour basis throughout the year. The 
DOE-2 model has recently been upgraded to include 
a first-generation daylighting model. DOE-2.1B is 
completing its testing phase and will soon be 
available to help users evaluate the energy impli
cations of most of the common daylighting stra
tegies. Additional modeling capabilities are 
being developed for DOE-2.1C which will allow the 
program to model light shelves and other more 
sophisticated architectural solutions. The 
current model allows the user to simulate various 
window management strategies based upon dynamic 
sun control and glare control. A broad variety of 
user-defined lighting ~ontrol strategies can also 
be modeled. A new series of daylighting output 
reports provide a maximum of useful information 
with a minimum number of DOE-2 runs (see Figure 
15). The goal of these ongoing modifications to 
the DOE-2 energy analysis program is to allow 
modeling of state-of-the-art arc hi tee tural solu
tions from both thermal and daylighting perspec
tives. 
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While the DOE-2 program is too large and 
expensive to be used extensively on small pro
jects, we expect it to form the basis for a number 
of simplified design tool.i that are more readily 
usable for predicting daylighting energy effects 
and total energy consumption for smaller, less 
sophisticated buildings. For large projects, 
where the design budget permits and even may 
require extensive energy analysis, the modifica
tions will enable evaluation of unique solutions 
such as special atrium designs. This ongoing 
series of developments in DOE-2 has been struc
tured around the architect's need for flexibility 
in modeling design solutions that have more com
plex dynamic performance than the simple, static 
solutions frequently used. 
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NEW FENESTRATION DEVELOPMENTS 

Fig. 14. Total annual energy consumption vs. shad
ing coefficient for a 90% .glazed south 
perimeter office module ·in New York for 
five glazing u-values. Solid lines: 
without daylighting; dashed lines: with 
day lighting. 

New developments in the area of glazing tech
nology and daylighting strategies will continue to 
add to the bag of tricks from which the architect 
can draw. However, the designer's ability to 
effectively use new products and technologies is 
governed in part -by the availability of design 
tools that will' adequately predict their perfor
mance. In the area of new giaz.ing technology, new 
films and coatings are becoming available that 
increase the total transparency of the window sys
tem, reduce the U-value, act as selective filters 
to enhance daylight transmittance, or provide com
binations ·of the above functions. Most of these 
can be adequately modeled with .existing design 
tools ·and .techniques. There is considerable 
interest in more sophisticated, operable shading 
systems, including devices such as exterior rollup 
shades and shutters and exterior venetian blinds. 
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Fig. 15. DOE-2.1B report showing typical hourly and monthly pattern of electric lighting energy savings. 
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Devices such as venetian blinds that can be 
deployed or retracted automatically and that have 
the slant-angle tilt adjusted to minimize cooling 
load while maximizing daylighting contribution, 
present a new challenge to energy analysis tools. 
Because these systems tend to be expensive, proper 
analysis of the energy and load impact is essen
tial to effective decisionmaking. Modifications 
now underway to the DOE-2 program will permit not 
only daylighting evaluation of these more complex 
systems but also an improved determination of the 
shading coefficient of complex operable shading 
devices and thus a better evaluation of their 
cooling load reduction. 

Designers will continue to experiment with 
innovative daylighting schemes. A current trend 
that seems to have great potential is the use of 
translucent fabric structures to enclose large 
commercial building spaces. These structures gen
erally have low daylight transmittance, but 
because light is transmitted by the entire roof 
area they provide effective daylighting throughout 
most of the year. Many of the structures tend to 
be geometrically complex, and thus represent a 
challenge for some of the daylighting and energy 
analysis models. 

Technical approaches for introducing daylight 
deep within building interiors (e.g., beam sun
lighting) remain largely in the experimental 
stage. Scale model studies are generally the best 
approach to characterizing the performance of 
these advanced systems. Designers should be 
extremely cautious in translating idealized model 
study results to hardware and performance require
ments of actual buildings. 

VALIDATION AND FIELD MEASUREMENTS 

However useful and accurate we believe a 
design tool may be, the final proof lies in the 
measured performance of occupied buildings. We 
need to strengthen the feedback loop between meas
ured results in these buildings and the design 
approaches and design tools used to formulate 
those solutions. To properly evaluate the success 
of those design strategies, we need more data than 
will be collected by reading utility meters. Sub
mete:ted data on the performance of the lighting 
systems is one requirement; net energy performance 
of fenestration systems is another. Some of the 
measurements ~can best be made in the buildings 
while others can better be made in test cells that 
simulate the outdoor and indoor environmental and 
building conditions. Figure 16 illustrates one 
such facility that will provide controlled meas
urements of the daylighting impact on fenestration 
performance. 
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Fig. 16. Mobile Window Thermal Test Facility for 
measuring net energy performance of 
fenestration~ 

This test facility is designed to provide detailed 
data on the performance of the most complex window 
and skylight systems for any climate and orienta
tion. A unique feature of these test cells is 
that the researcher can control their interior 
conditions to make them behave as various types of 
buildings having various thermal and lighting 
loads. Thus it would.be possible to test the same 
fenestration system in side-by-side test cells, 
with one set up to simulate a low-mass, tightly 
insulated office building with low internal loads, 
the other a high-mass, high internal load build
ing. Results from this facility will be used to 
validate the energy-analysis computer .models, 
which in turn are used to generate simplified 
design tools. 

Validation of design tools is not often seen 
as a high priority for a designer struggling to 
meet a short deadline for a nervous client. How
ever, in the long run, the designer's ability to 
provide a cost-effective service to building own
ers depends upon the designer's ability to use the 
most appropriate, cost-effective design tools with 
the highest level of confidence. Proven design 
tools will never guarantee successful design solu-

, 
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tiona. But they certainly can assist the increas
ingly harried designer in developing and evaluat
ing solutions that meet ever more stringent 
energy-efficiency targets while preserving and 
enhancing occupant comfort, productivity, and 
safety. 
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