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THE UHIKUCE BEMXUT LUOBATOH 
• . r 

OHXVUSITY OF CaUFOUIA 

XZGHTUC PROCTAM 

. nraoDocnoN 
Ha eat las t s (that approximately 501 qf the e l ec tr i ca l energy cnaei—I by 
l ight ing, os about 121 of to ta l national e l e c t r i c a l energy aales , coold 
be eared by a gradual replacement of exletlng l ighting with energy 
e f f i c ient l ight ing. Thla would aaount to an annual savlnga of aoaa 220 
b i l l i o n kilowatt-hours of e l e c t r i c i t y . 

Thao, objective of the Lawrence Berkeley Laboratory (ML) Ughclag Pregrsa 
.&» "to • a s s i s t and csc-!i to ecbscsE cifiEb C":a Sfglltlae. C T i ' l l t y 'in 
of aanufscturerse, designers, and osera) Co •chlvrc & janta af f le iaat 

' l ighting aconoay. ' , 

To lapleaant l td objactlvca, the UL Lighting Prttrse *«• was* HrUmt 
Into three aajor categories: technical aag<a»»ftag M ; ' * a j r agjattea" 
t lons , and human Impacts (lapacta on health sad »!•(•» 

The technical progran alms to undertake research —4- _**—i*0mmA are--". 
Jects that arc both leng-saaga and hlga-rlefc a«4 Mhla* tea Itgajtlag 
Industry has l i t t l e Interest In parsulag oa I t s awn, bat fraa jatlaa s i g ­
nif icant benefits could accrue to both the public aad the laalaatry. 

The* bulg ing applications program studies the 7 ef fects that latraaaciag 
daylightiog in commercial buildings has on l ight ing and coellag e l e e t r l -
cai energy requirements as well as on peak deaaad. t h i s ptag* am aim* ../ 
examines ' optlmlcetio%_etratagles for Integrating energy aff lc laat ' 
design, l ighting hardware, dayllghtlng, and, overall bslldlag eaargy i 

' requirement*, f 

The lapacta ^>ograa at LBL ezaalnaa relationships be f o e s tea aaer aad 
the physical t l ighting envlronaent, In pardcslar ha 
e f f ic ient tachnologlea relate to hnaao productivity aal 
efforts are Interdisciplinary, 'involving asglasarlag. 

• / - I i • • • • " • ? 

medicine. ' 



Sloe* l ta Inception in 1976, tba LIT Lighting Program has produced not* 
than 43. report* u d publication* documenting research on subjects aueh 
aa eolld-atate ba l l s* te , operation of gaa-dlscharge laapa at high fre­
quency, dayllghtlng avai labi l i ty and computer programs, energy-efficient 
f ixture*, l ight ing control systems, and v i s i b i l i t y and hunan produc­
t i v i t y . Tha internationally recognised interdisciplinary staff span? 

the f ie lds of engineering, physic*, architecture, optometry, and nodl-
clna and l a Inrolvad In a Variety of professional, technical, and In-' 
gorermmeat a c i l r l t i e e . 

Tha Lighting Program conbloaa tha f a c l l l t i a a ana facult ies aof5 LSI. with 
the** of tba OnlTaraity of California College of Environmental Design 
and the Sencs! of Optometry (at Berlolcy) ao3 eta Octroi ©ft Medicitio <•£ 
San Fraacleco). I t la fo l ly a unique prograa, not only In tha U.S. , but 
worldwide. The results of this program, made ava i lab le , to. a l l , w i l l 
enhance the capebll l t lea and long-tara v lab i l l sy of the l ighting Indus­
try while providing the design profauslon and general public with needed 
information^ . .n?' •'•, * 
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XX. HISTORY 

A. laconical Prograa 

OarIns the P*'' faw ryeara, the technical prograa baa aupportad le'ialep . 
meat In tab areas of application: operating gaa-dlecherge laape at nigh 
tfreauency, and substituting energy-efficient l ight source* far l a a f f l -
claat l ight sources. \^~ ——-

11M high-frequency application was concerned primarily with the eo l id-
atate ballast used for operating; gaa-dlacharga< laapa. Two ballaat 
aareleaera ware cbosen to design, build, and submit to UL for tasting 
sad ereluatlon eeveral so l id-s tate ballkaeo. A ges i l fey srjts bui lt to 
aeeeare the needed parameters: high frequency, poser, and l ight output. 
UL aaeeeaed the products to Identify any dealgn shortcoalags that would 
l l aa t their application. The products were then tasted la a large-ecale 
daaoaattarloo which'the LBL staff designed and monitored In an, operating 
• f f i a a M i n i n g . These efforts Identified araaa for laproToasiit; once 
thai avarewaMts ware made, another deaonstratloo was daaigned and aoni-

t t»ra* ay the UL etaff at a Veterans Administration Medical Center. In 
' as-lit Lea to aeaaurlng the' energy seringa and proTldlng a thorough l l f e -
• ̂ sfiim aee* aealysla, UL aessured electromagnetic.interference l e 

•eteaajlM If they would edrersely affect eqtfipsant or peraornnel. UL 
Jaw eecaalleeed that ayatea e f f icac ies can be iaprored by 25X and that 
batter eaal ity illumination ( f l icker-free) can be obtained wi thgea-
dlecharge laapa -operated at high frequencies. 

The moat Inefficient l ight source i s the lncendeecent lamp. UL haa 'a 
program ta azelece new energy' e f f ic ient leaaa that cam replace te la lean 
iu eeel leet lea* baring high aaawal uae. .The UL project haa beam erne-
contract** te t i e eevelepara of several promising concepts. U L ' e g o a l 
la te saseas tkar pstsat la l aad aereioaasnt statue of thaae ceaaeaea and 
to erertae technical aralaaCle* aad guidaace. the sfsrsoaeaa that have 
beam etadled laclate the adaptive e l r c l l a e , the alecrrosalaoe lean, the 
rial l i t Haaeaai iaU pan sdal-aetal bal lae , aad the i i U l d f U s a l l l . 
LH. aa* taa faeUl t lae ta teat aad —aleeta a l l a t tea esseaHal a a a a r 
t s i a . ' taaJaaaag *•* •aaaal l l l j af 

panIlea, solar readitlaa 



of thaaa an* Taaaa hava baaa racalvad, and laap affleaclaa aa high 
M laaaaa far watt bam baaa, aaaanrad—aora than thtaa tlaaa aora affi-
clant Chaa a 100-wtt lacaaaaacaat laap. 

• \ M I A 

Llahtlan 

• \ M l d l a a a aiaUaattMa Fragraa 
• • " • ' • / 

tyntaa laMaWtlai: Daaarataadlng and appreciation of optlaal 
•antral af lighting aca lacking In tba (laid of lighting daalgn 

apaliaatiaa. la tbla arograa araa UL'a goal baa baan to dataralna 
how Bath — a raj caald ba aarad by aasloylag a ?arlaty of control.atrra-
taglaa and tnehataaaa. To thla and, U L daalgftad na> aajor danonatra-
tlaaa af-aataaatla, eantrallaad control ayataaa In iarga araas of offica 
balldlaga tin Saa Traaalaco and Raw Tort Clty.f Tap aanofacturara aup-
pllad ana ' laatallad tha ayataaa, and LBL designed tba aonltorlng and 
data, aaaalatlon eyataae. U L dealgnad variooa ezparlaente to dataralna 
tba offaatlMBaaa a* the central strategies of scheduling, lanen depre-
elatlaa, aaatag, and daylighting, la conjunction "lth tba daaonatra-
tiea, a aanaater ptearaa uaecdevelopedto .predict tha energy strings for 
a batldjag tan* eanleye eae or aora of tba control strategies, aa- wail 

aa aaaaaale aaelyela baaed onj ayeteu coat. 

DaTliahtlaj: Daring tha past flye years tha deyllgbting prograa haa baan 
aealatiag tha; building daalgn conaualty In developing techniques for 
dayllghtlag application in an energy-cooscloas envlronaent. Tba prograa 
sac on passes a broad ranga of project actlTltlea. Datallad cliaatologi-
cal data on cbaracterlstlce: of-;dsylight aa a resource have baan col-
lactad andanalysed' for. use In. daalgn and anargy analysis. Tbla 
knowledge aeqnlaitibn baa baan coupled/ with tba derelopaant of new 
daalgn techniques, especially graphic,' analytical•:-, and phyaleal aodele, 
ao that dayllghtlng can ba better appllad to aatlafylng indoor - lighting 
• roaulreaeate. The eeaalnatlon of laproved raaoarea data and new calcu-
latiea technique* haa allowed ua to develop procedures t<at aatlaating 
aaaaal energy eevlaes and peak load ireductioaa. ,Va have alao baan able 
te evaluate erleflug and novel dayllghtlng strategies that are both' 

a m JiMfletal ween coealed wttfcspateariata lighting 
ayataaa. Tboae aodele have baan appllad 

far eaaaarclal balldlaea 



when both tharael efficiency aad eayllght^ag baaaflta axa cameleered. 
Stadia* of din—fart glare fro* wladova aad othar ladlreet feetwree 
which affact raal —away eavlag* a m alas been andertakea. 

a l l of thladata, tafaraarlaa, and experience baa baao aad* arelleble to 
the llgatlag •aaaaaltr aad ta* pmbllc la aaaaral through the Dayllgatlmg 
laaiaria 0*at*r (MO at UK., TV* pelaary aaraaaa of tb* eaatar la to 
provide ay ta daca. aaaaiiaca, aad abjective metarule and data to aaalat 
d**lga arafaaalaaala la *el*crlag taa boat aad meat, cost-effective day-
llghtlmg atrataglaa. 

k ' : ' -• 
C. Impacta Program 

r ' - . ' * ' ' • 

Lighting aad Tie—1 faifaiaaaaat^Taalnanra, eoatraat, end sixe are tha 
three primary factora that affact visibil ity of print. Hadesigned an 
experiment that ana unique in that It studied tow all thxa* factor* 
interact to affact reading performance. -A 

/ . In thle: experiment, normally sighted literate subject* 17 to 34 year* 
/ old ware teated on their reading perforaanc* In a variety of luminoue 

onvlronmonte. The reading material waa black and white print, presented 
• at three.contrast level* (0.97, 0.6*, and 0.17) and with the background. 

_ luminance ranging from 3'to 1600 candelaa par squar* meter. 

We deviaed word charte on which the print alio ranged froa 20 polnta to 
2 polnta In systematic progression. When each subject'* data a**, nor— 
sallied to his own mart mum, a *urprislng general pictureemerged: . max­
imum/ reading efficiency we* obtained whan the print slse waa approxi­
mately three times larger than threshold *lxe. Independent of iumlmemce 
andj with contrast aa low aa 10 cd/m2 and 17Z, respectively. Thla result 
la {directly applicable to lighting design, which has traditionally 
etraaaed lighting quantity rather than teak attributes,^/" -., 

Visibility aad Productivity: Durla| the peat 13 years, vorloue - sir—afs 
hare bee* mad* to apply laboratory studios of vieual perferaaaei te 
lighting requirement* for real work emiroa—ut*. alternate t» amply 
research to coat/beoefit decision* and to altuatioa* whsrs the wiaaal 

la rot fully delineated 



Ttaa ' problem la ' further, exacerbated when new energy-efficient light 
.,; aoareaa ere Introduced, especially in environments where visual display 

terminals'- and other computer ,/equipment ara usad and where there la a 
strong correlationbetweenVisual productivity and speed and accuracy. 

Daring tha past fee years we have reviewed the validity of tha 'works 
that purport Co relata visual performance and productivity. Tha various 
models of how lighting affects vision and visual parforaanca hava baan 
studied. Furtbar research Is necessary to produce a series of valid 
aodals useful for application, • ispaclally when decisions on cost-
effectivneaa aust be made.. 

This latter effort haa been especially helpful In deciding what farther 
laboratory- experiments need to be undertaken. It has also bean helpful 
In determining what kind of field measurements ara needed to ensure that 
the laboratory studies will provide useful field applications. An exam­
ple of a research direction suggested by our analysis program la a study 
underway at the O.C. School of Optometry which relates visual fatigue It 

• visual display terminals to environmental lighting. 

A further effort In analysing visual performance and productivity was. an 
• ln-depth critique of the work of tha International Commission on Light­
ing (CE5), represented by the document CIE 19/2'. Tha' erltqua pointed out 
Inadequacies, inconsistencies, areas' where further research la needed, 

. and possible applications, for cost/benefit decisions. 



I I I . SDMHAKX OP SHE 1981/1982/PHOGBAMS " \ 

For the 1981/1982 f i s ca l year, the Technical Program la concerned' pr i ­
marily with developing an understanding of new concepts for converting 
e lec tr ica l energy into v i s i b l e l i gh t . Areas of Interest include mechen-
laiia for reducing the ultraviolet sel^-absorptlon In gaa-dlscharga 
leaps, making use of processes anch as mercury Isotope enrichment, "ag­
natic are spreading, and enhanced gas mixtures. In addition, the search 

' for high-frequency ranges of optimum excitation of the plasma gas holds 
the promise of more re l iable and Inexpensive electronics as well as more 
e f f ic ient conversion of energy Into l ight . ' ',--"' 

The Buildings Applications Program during'1981/1982 s i l l concentrate oa 
reaearch that mill provide the l ighting community with toola for aesess -
ing the benefits achievable through systematic application of daylights 
log ' s trategies and overall building systems optimization. In particu­
lars "••* computes aodelei and.a recently completed a r t i f i c i a l sky w i l l be 
used to determine £ha energy and load management potentials of dayllght-
£ng s trateg ies . Analysis of daylight avai labi l i ty data w i l l be 
• x t i i n M , *mi tsMstt*$£6n optimization studies w i l l examine the affect 
G£ dajrlltM'iag -*a .overall thermal performance and peak loada. Field 
•xalamtlM af'Aajligktlng Savings in commercial buildings w i l l be undar-
cafc**(» :H»*i^«!•-'":". also be carried out to ahow the-effect of l ighting 
coatrel i «•»•,'• es:-::iy "siwiilgso glare reduction, sun control, v i s i b i l i t y , 

sata, M K k i t l M . * ,. V 
• • ' " . - • ' • ' " \ • - • < ' -

H i c yiemal Inaactc 3eogta» daring 1981/1982 focuses primarily on estab-
Iltklmt; those lighting conditions, that enhance productivity in a cost-
afftcClv* waomei.*. IC • will also ascertain , any underairable visual 
«ffacts, such .•s.3 excessive fatigue associated with the use of modern 
office equipment Gpaeating in an advanced lighting environment. 
;rt>* Health Impacts Program extends the research on artificial lighting 
Co a wider class of human activities. Here conditions can be varied, 

-amd aoBsubjactive response* to lighting cam be amaamrmd by sensitive 
medical Instruments. ; 3 



IV. TECOtCAL PROGSfiJI 

&i Eoergy=Bffieieae might Soaseoo 

Objectives 1o loprovo the • energy-efficiency of' jjoc-diacharge Icnpa by 
laprovlng '&e conversion of e l e c t r i c a l energy to v io ib le l i g h t . 

. Backtrounfls,Visibleillfthe froa flOG-discharge laapo . ( f luorescent , HID, 
HPS, «tCo) requires ' t ha t incoaing e l e c t r i c a l pdcer 6B converted to W 

' rad ia t ion tj tljj: e jc iEat ion of ttto cnclocod ccrcury vapor. Visible 
l i g h t ' &B: C--aduca3 c&sn isfco W eae l tco the ptsbepfeoro l in ing ttta glaoo. 
envelope. , . • \ " • • ' 

0 ^ 

The lamp indfcaScy tiao ec^scatratcuS ito offorta to produce core efficient ; 
light sources otL/':. farther confining phosphor eniosiamo to the yellcu*- * 
green spectral ikgion where stes human- eye hao it» greatest lnoinouo sen­
sitivity. Technical iajsroveEsnto on the order of 5% have been obtained. 

How«verB>'''ha2tii , creates ipprovemento in energy efficiency could bo 
achieved by icere^sing the DV radiation that impinges upon the phosphor. 
Ke*ll*itig'"Eb£o possibility Requires reducing the self-absorption' or 
antrapaent 6£ £Etc D? by the excited gas (plasma). Several mechanisms 
could deerenco colf-absorption b> increasing the nuaber of nonlnteract-
iog. energy levels that participate In the radiation'and absorption pro-
e^BS. MettiEijlo include varying the. mercury isotope mixture, adding other 
excitable cooes (halogens), and applying external magnetic fields or the 
eleetrie field rcaonanceo with the plasaa at high frequencies. ' 

Efficiency eaald possibly be' improved 10 to 15S with these mechanisms, 
but quantification1 requires an experlaental program designed to directly 
treasure etioco efficiency, changes'. 

Because o£ Gbo leng-tera-and high-risk nature 'of this kind of research, 
"the laap industry has had little Interest in pursuing it. Where indus­
try showed .came Interest, the management of the cqapany sought govern-
asnt fund's to undertake the prograa with internal U S prograas. 

Ganaral Approach:_Slailarlti.es in measurement techniques and experlaen-
tal setup allows LBL tp-Investigate the four aechariieas dascrlbad above 

http://Slailarlti.es


In a ser ies . o f c lo se ly related ' tasks . 
• • • * •• < - . - • . ' ° 

The capability of controlling gas pressure, cathode voltage; and"electr­
ica l wave shape* as waj.1 as performing accorata efficacy messeraaeats 
with a mooochrometer and integrating sphere permit* a thorough and pre­
c i se determination of e f fects of proposed changes. 

An Important object of the isotope enrichment research la alms to invea-
t lge te possible cost-ef fect ive processes for separating the necessary 
isotope - from naturally occurring mercury. Because of their long 
involvement in isotope chemistry, the LBL staff haa the expertise neces­
sary to contribute to the technical success o f , th i s e f fort . 

B. Advanced Lighting Systems 

Objective; To determine the optlaum operating range 
frequency l ighting systems and determine the baa: 
efficacy; also to address other technical issues that 
role in l ighting applications ( e . g . , the Dfl question). 

Background; She DOE program fostered the development of the so l id-s tate 
ballaat thae improved the efficacy of gaa-dlacharga lamps by operating 
them at high frequencies (20 to 30 kHz). The choice of the range, of 
frequencies in -based • upon early measurements om le 
discharge loops which'indicated that most of -the efficacy 
was obtained, by operating at 10 UU aad that l i t t l e eff icacy gala 
occurred aboyo that. -However, I t wae desirable t» at lam t • frmameacy 
above the human audible range, and 20 to 30 Ukt ma Mice cam', altmamgk 
further efficacy Improvement's are possible abevs I I u M U s , the. 
present power^syitching transistors become laefflciemc eaava taia rsag.i,» 
miking I t impractical to consider applieatloma which tab* stTsmrsai of 
these higher frequencies. 

LBL haa been examining the starting cheracteriatcca'aaa' | isera1 sexfar-
mance ' of ' low-- and high-pressure gas-dlschsrge lama* operating at Ugh 
frequency. Whereas previous work in this area haa exsattmed lama* aaly 
up to m^pequency of 10 U b , L1L wi l l extern* i t a i 11 I I I I H B am ta 1*» 
IcHs. He have found that starting voltage* amy i 
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ctoaUd. fcV o t i l l • less, cCovo 100 tiEs. 12 tfeo'- ofcaetias asd epsEQtierj vol-. 
Eegco oca iraSadefl, Cte Eclilcbftlisy onst cooE-offoceivoeooo. of t t to^ 'coi id-
etszs tsliWeS ip-ia " Cb ' Greatly Soprovcd. l a p l i f e u i l l be cseaRdcd, 
iasp Zxmt^i "l!t5»r*c!ti»E2cD u i l l to dcEscocod,, • and, tfea ' bloctiiao voitago 
rc^ulErtlwiSB fc? .C:so .^Ifcsesoale eepponcmEo ( 0 . 3 . , elto capacitbro and 
w i t c h i n g trciSiSitiEfiJ t i l l tb ecdhicod. I M a a f f c i t u i l l rediica cco-
fentns., c s i t *felle loei:e$oic3 troooioEQE ocdXehJLnQ.dfflclcticy,. olnco~ito 
Cc;«»'rd rmtlttlve Za«3pa *' u i l l 'Ssa. s o d d e d . Thcoa "inpi>dvciento n l l l 
ICCC^SMI taunt .afticfiscsy S Eo 1055. Tftilc tha ool id-ota to bal loot io 
c"~c~z_:BtZ ' e f f ic i tne Ha tscaoGomisQ. Input pocar Co eha hlgh-fr,cqtt2acy 
ic=p "posprT'lfc Hi l l bef'poootblc to achieve b a l l a s t officloncicq of 95%. 

If. Etta eapected irestalEa QEO obtaiacd, and tho in t r fnoie higfirrfrcquoncy 
tsoea£ie io .eonbiijed- ctEtj Ecdustlono i n otare ins vol tage, olgnificont 
osracoir incEeaeeo l a offiecsy (10 to" 15%) can bo rea l i sed above 30 ItHs. 
Cca Mtjllii-fra^uancy .pocai? otspplico oad'coeo cenponomto o i l l " eventually bo 
ava i lab le ^o ifaransfoina Etta 60-Ho porai? .Eo the hioHtoE fsoquoacieo- (above 
30 UHB>. Indqptt?" io'dovQlepior; tfea p«rc.-or-£Ioid* effect tranaiotoir (FET) 
nnfi acorpboub .oagaatie core naEorialo iroquicod foe higher—frcqpiomey b a l -
laoto.. e'CJe o i l l epnaldoc' th io devologzont coctt ohon dotemining ftou to" 
coicce ebo opticram opBSaeierj frequency' foe tho lenp and ba l lao t oyotca. 

EloctKoosnot ic interference" radia t ion io of concern "to ond-uooEO. littot 
. o£ theca ^snearno a r i cc from lactt o£ osuasinontal information. LBJ. can 

loc i tho ciiovj&'to obtoia t U o -inforcatioa for taduatry aa co l l ao for 
concerned govenSEBQE .-agendoo ^ t t = £o( itto coEablloStod azporicnea ttieU Eho 
high-fffequeffiey operation of "lanpa., a o cajou tcetalGal piroblen ' Ao. 
oseobliohing r e l i a b l e _, npair-fiold EH coacisscnoato acd relating tfesq to 
t t e f a r - f i a l d FCC Eeijiaip^BDtto. •' PrarEbpscaBQ, a' botheiJology nnot ba 
tevel|D{!ed Ed detomioo neoi?=fiold effceto «ipEa oloeteaaie oquipcamt and 
f a r - f i e ld effo'ctb ofcan'oooy E2I-cottOEnting oyotcao -QEO ia uoo. •. Thio 
work o i l l bo tha baoia £oz ootta&llahina -tfco potoneial co l l ec t ive effecto 
of "'the very hiisSi-fEcquoiBcy oyptcno, iftEtiey ficeeno cor3onploce. . 

Ifce ligliEins indooEiry Itao^coE cado tiigCrfffcijueaey coanure-isnto ava i lab le . 
«#«n tttough elia BD3 p"tfoc e c a ^ c a ofeoca eba... v i a b i l i t y o f tfca h igb-
•fMjuties^.fcdlid-oEcitc ttollcat. ' i uaebod teowiac tlho le^a l of E3I, 
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dooicnorO aeo EcoEEietct! £0 etia ^Eoqucneloa In the locar kE3 Ecgiea, QEd 
Etta naea comeding' GBGQO .oilST ronaim satdovelopocU liiio aaneeia l ly 
flnpaeto the cnnHlcr dcvalopcamt G«>iip3' Etat do not fcavc tito onpgrtloa, 
cqoipaont; orxffeoiiGco • to otraily tttoco poECEEial acgativo ingasEo. ^ y 

latin regard to E H , Eita Fcdoral Cozarzaicationo Cczriicoiea aed ' Efationiai 
E l e c t r i c a l Mawafcetiircro tocosiafcica fciva aSffoasly ircscraottdcd tha t LDL 
part&cXjiiiEe i a eo l lce t ino daEoea Efea.EJI oCEOEated &y colid-oEaEo b a l -
laoEcd o'yoEeao. Utiilo lite la roar f lano, If tttioy arc laEerooCcd in omp- '•• 
p lying. ool ld-ota to bol laa to ^ liavc Elie. farfiaooc cspoirEico eo eddrooo 
tttooo probleno, o-.mjch to carkot nay 'co l l p:?evall s allat/lcrj paoriy -_ 
deoigmed- colid-oEato ' bollooto to be intreduscd, tttaeoby -advorcaly 
affect ing ,Efeoii? acccpEaaec. Baeatiqe' lift too katrjlcdgo'off caay eiseuiE 
dooigao, i t io in a uaiq'tsc poaltiija. to offer proocripEicao fos ecdtieiog 
Etio E-II, lovolo ia-'tha c i rcu i t ' , -uihich i c tho preformed noEIicd, a icsc i t 
i c mentally tho coat offfcetivo'and Icaat cos t ly . To da ta , LDL, thrc-03"a 
tbo BOB profjiaxio,, ia the only, group' that haa rc^oread i t o caacaEad Cli 
lovalq £or-osiatiog'Mgh-frcqticaey ayotcna to e".:c osaerol p a j l i c . K 
JLadcoEry col lec ted Eta inforcati<pj'-f, cany t e l i e v a ic raKc:; i£":aiy 
Est bo ralcacad lialeco i t too favorably, ac j t':: 'i f.cc c-cJJMliCy ccaJ.il 
be 050a Eo qjacottica. ' *-. 

Ggaoral Appraaela (Hinl^Pgciccgay hc^-.o): "-:'.".:'-: r:';.:':' :..:.> v.,",n.- c~Z~ 
Iccfc cad'' eacoca daEa en tho potffo^ciaco c£ r;:.:: ..'.:•..:..•.!;,•. ";. ; i -": ;.';'.': 
feoqniocsioo. Sfco cfcly u iM i ca l c i a c ; ; c - - ; : : . ..:.' <.': ;; J LI'.IJ 
colldHoedco CnllaaE: 0FJCc=3 CzCdc^C-tzCz- :'. :• '[:::;_ .:.".."> • 
eiOEy LDL ttaa Q porat? cappiy cfu:* caa"tc-c:ci! •:"; i'.'vz : ... ... ... .; ;.;;•".̂  
dJcaboroo l<r:~b cc- Eccqudbsico O5'"CT CO *C3 r..''.:.- •:. ;..'.:'. . ..", t..« '•.•«':'.: 
c^at 'bo docicpod Co c-ztz~i ct:o rcr.32 c? c:cs r_-^;.i.:_j."-.j ;..,; ... ) !" .! IE:, 

~--ip.£oii inae io l sacalcd fc^Scaco cay t a t i ' ic:d 'c: ; j» • ." 

""•A' eaoerdvcjcy co;7 csilotc eve^ t:::ost3ff t- :3 czJ CLZ ICL:-J3 ci'a L.-:;<3 cfiffici'" 
cfc-ac c'.-.aa "fc5Q3tEc3 C2 Mc^ £i:cr/*3vi<?'4 Ea c iu lSic^ Co csCEVlis^ing c 
'Sooio Scs opoi?aEic^V'!?t:o l e p a at IiScti fcac;acasy„ efca dala c l l l deteeaiieo 
-ebo co-adiciodo' efcaE Icid.. Eo cpEicto' laap oparasScn. & Cull- Eopor-E wi l l 
fcn p-_'daa-.'.Cad &o Cto Uct;2S=3'"ec=s=i4ltyv^"' •-• ' ' ; - " 
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Gc"6ea& gxpircrati ^ "c jg^ j z r^ jC j i s ' ' laeoegogcaso): -Oao ioooo that too 
j c scas l ? c-.'i^cn, £Q 'E~2 C 2 Eta GCEarocina of EH uilefo eouild laeosfcffc 
oiLeti c z t e ^ c " . cz'-_::zzZczZtcz3 czi cttho^ oqalp=omt 'oiehia a, bii i ldlno. 
Hjio proJt^O <.'r*!"'- ~« ^c"-ccr:cd oifih caacireimrj E-JI (-EcSlaCcd.and coa-
d'csEcd) fcca d ) j cr^io q5 1 2 ( £ c £ c 3 c^uijCDQE. FEOD th lo data, ' eonpuEoe 
csdela d l H T;3 c!_^.;le;.cJ-^Eo dcfccnnftjac tho atroy r ad ia t ion that oil?. 
CCCL:.; LL^-.I V. ... . '1..,.,.-..; •,..-- oiV: > u:" buildinon and cci_i£!alfclop. '. 
cddlttloo', c ;d :"c ud'H to'ccs^cloipcd Sow aoaooolaQ tha extent 'and effect! 
of assay EII ZczUCa t ^ M & c o . '' " -"' . , . | 
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A. Lighting/Systcnslotcarafcica .* 

v * i 
Objective: To detoEaltto Eta opfcton cnergy-c^ficicae, co3e-e£fee£ivo 
lighting deaigmo- tfcat can bp ceCiicsrcsl "by csieg ?bs cSvaasei! lighting ?'• 
technologies and-'coattrol cyStcno oMelj ohoold -to available in 1990. 

Background: 'Lightlns designers develop Ehoir cyste^ csccepjb based upon 
traditional coaponens paptoi Bias,' it risqaiBco aaay yee?a ofter Initial 
- market' introduction for coo lighting (raatfcsto, qcpEslall?'£OT new bulla- ~ • 
logs (e^g., r oEoroy^Kicic 1 1 6 systems), to acMovo widespread use. Tho : 

new elements are offjesi-incorporated in o cannex ttae eeicaeo performance •• 
, because th*y musE fit older - canpoaciifco off EysEeas. ftos, csw additions 
cannot usually to' dooi[jncd for; oaaisua performance. In'osSes '*b~ effi- \ 
cieoely meet"; our future lighting needs, it io essential Baessaiiia ,w. 
lighting designs EttaE uill optimally incorporate 'tha ciiersy-ef'ficient 
proteto that should to ovailablc\ia 1990. This study uill deteraine 
Ctio detailed interdependence among iighting components. The results 
tdll give industry a guide eo performance changes, that could improver -.«;' 
oaao ctandard ctapoaonts QC ooll ao indicate ehich energy-efficient 
.lighting components oi.ll have on. extended market life. More impor­
tantly, it oill give dcoignero a target for the power and energy denai- •',.._} 
ties.- It oill assis't .federal, state, and local agencies in planning 
future (1990) lighting expectations for retrofit and neo construction. 

'•''i " " : ? "v 
Optimum use of*' enorgy-efficicne design, technologies, and controls 
should- provide desired lighting levels at considerably reduced lighting 
power levels. He afeojald bo labia So reduce the current national average - ' -gi > 
ia office buildings of 3.5 watts per square foot to. 1.5 vatta per square 
foot—a - savings of tco watts per square foot. If one-half of the 40 
billion- sqciGCQ feet of ill eoaaerclal apace shifted to energy-efficient '• 
'lighting, syateaa sad were saving two watts per square foot by 1990, 
spprosiBatelyJ 40 gigawatte of power, or 10X of the national generating 
capacity, Would be saved-. 
Gaaaral .Aaacoach: En osdee to achieve -(ha 'prograa's goal, initial .pro­
jects will 1M collecting and coapillng .data on tha parforaanca of 

http://oi.ll


current and developmental lighting products and concepts. The four 
msjbr areas arc controls,.ballasts.lamps, and fixtures.. By studying 
the details of their performance and'characteristics, ye will determine 
their potential ae components in an optimally conceived system. A 
report will be prepared for each area of Interest and for the system In 
which' itf'would ;fca ocpd. M l tfea Information nlll fca stored In a coi^ 
pater file. r 

Following the above-.-study, an idealized, Generalised lighting designi 
will be''developed based upon several "typical", designs for offices, 
plants .warehouses,, and schools for ambient, task, and aabiet-task ays-

. • . . • < -s 

tarns. The design concepts will adhere to the lighting practices eeeoe-
meoded by U S to provide the necessary quantity and quality of illumina­
tion. Typical designs will he programmed to permit both optimizing per­
formance and niaialzing eosaeetad load and energy ccaesaiptiea. ThQ pro­
gram will' iosorporata an ceonomlc analysis for the lighting systa CG 

• % 

well as for the operation of the .building ao oholot 
Hte prograB otould'tjo fldsibla aaottsh eo apply eo othor llQhtlng cceeoua 
sueh as outdo®:? aasl TOOidontial o t t a o . 

B. Daylighsisio • ' 

Objective: "To • pxovfdjj- tho technical baoia f02 detesoinlng potential day­
light energy and load tnanageaent oavinge, eonsiateafi with reductions in 
HPAC requlreac^Eo, cMlo caiaeaining of improving productivity and 
visual quality. • _ ,, .,,. ' 'j 

Dackground; 8££es«lve cso off daylightlng in commercial buildings prom­
ises substantial electrical energy savings as well'as reductions In peak' 
electrical depend, while maintaining or improving visual performance. . 
Unfortunately, dayllghting design skills are largely unknown or unprec-
ticed, by today's professional designersi who were educated add trained 
in a peripfl, in which cheap electricity was the dominant light source, 
'ibis, lack of professional'training, the lack of client interest, and 
other technical and nontechnical evolutionary forces in building design. -
combined to remove dayllghtlng as a algalflcaat design comcera during 
the - past forty years. Several major related effects are raamlrod to 

V ; 
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severae thaao Erendo. FiESE, limatological atudies ace neceeeary^ %o 
eetabllsh the avai labi l i ty of tK daylight resource. Second, Improved 
daylight illuminance modela must tx "developed to predict Interior day­
l ight illuminance for atate-of-the-art architectural designs under clear 
»ky and sunl i t conditions. Third, Improved building energy analyala 

'Vasdela are needed to predict energy and load aanageaent potentials in 
commercial buildings* Fourth, experimental validation of 2) and 3) 
above are necessary to .verify that the models properly predict operating 
characteriatJ.ee and a l l oS efce significant energy interrelationahlpa. 
Finally, reso2.Eo a'^cr ta cesamicstea to. ttto appropriate design profess 
slonala. 

General Apprcsgh: ttafflcs eta 1981/1282 ported, dayHafae&Eg egEosts a l l ! 
be directed tccae** . ' 

1. Contimsieo efeo iovalsfEaafi oS &. national daylight ava i lab i l i ty date 
baee tho£ peovidfeo inforoation for design and energy a naive (a. 

. Radiation tafl illumination data have bees collected for three year* 
in San Prancicco and arc being used to validate aodela thax cur: 
generate a daylight avai labi l i ty data base. , / 

; • v t , • ' • . ' ' . , ' • J • 

2'. ContinuiOQ the dovciopsemt of aethods for determining the impact of 
doyllghtiBO" on interior illumination requirements. Theee method* 

/ include {jropnie, computational, and physical models. -. Two maw caat-
•' putatlond models have been developed and are being tested. QOICK-

XsITE i s o oimpl% model for use by architects , engineer a, mad l l g h t -
/ - i n s .designers with a programmable' calculator. SOTUXRX l a a 

/ powerful ncu oaln-fraae computer model that can predict daylight 
. ailumlnsEcc in" geometrically complex rooms, even accounting far the 

e f fects of oimllt shading devices.. 

3 . Developing analytic procedures for, determining the e l ec tr i ca l 
energy savings in dayl it buildings. DOE-2 has bean modified to 
include, both, a simplified and detailed daylightlng modal.' These 
Models.-BHI be validated and uaed for parametric performance ' e t*-
diea. . - " ' * ' • ' ' ' I 

/ 
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4 . Aaaeaelog the potential of coupling daylightlng with controls of 
a r t i f i c i a l l ighting for load management and aaaaaalng tha lapact on 
peak loads of both buildings sad u t i l i t i e s . In meay buildings, 
load aintgaaaat^ osportaaltles may or ova mote algalfleant than 
energy aaviaga. Bovevar, tha thermal Impact of fenestration mmz 
ba considered along with tha l ighting energy savings. 

5.", t«a«lal»« the relationship bntwaae 'eajtll|htl«a. t t ra t* t l ta . *_:! 
laajmltmnmnta far glare 'control ami £ paler coatrel., using '-••': 
laaeratsry aad f i e ld techaletiei. Thaes studls;* sr« •a*e*r,*i>:. .•'.-•• 
i'f»»yn'r; window manag—at caa Increase mit.y camammptiui Is? 
ItfMst'Pi ami cwsHsg. St« additional discussion ig 'Sectritt* W C. 

Vn#»-*'«i;r £ tc;i £h*> optimal fenestration' sees chss .caabiata C&D 
S ": «f«ir«««.:t«...t; thermal afflclcnap siEh Efce bensfits of ds.ylig»ss-

"•at. TV? S'ibjtGC to aldatsted noso ccaplefeoly i o Seetloa G ablch 

. i'*#,t ~? C3ipa:c3 acv] oebeff analytical toola for f i e ld aeasure-
..*«.*'* ; o?«? 3.SC' eavlsonmente. This io being accomplished using 

«.-i..^ ; L.-.»: 'cel lsj eho a r t i f i c i a l o!sy, and aeasurenents in real 
«>»< i a< • « v„ 

. •« i.:: • >T \.;: LBi-'e operation as a national resource center that makes 
,.i»»ai"tlCe.t»chalcal data, design too l s , and other-information that 

"Mjm*t%sf to Che l ighting community for design, cost analysis , and 
«aathet2c's. & variety of resource materials and computerized data 
baaaa hr«a been developed' / 

C. Building Easrgy Optimization '"--— 

Objective: To Improve understanding of the net energy performance and 
load management potentials in dayl it buildings, th i s understanding to 
a s m aa the baala for guidelines for optimising overall building energy 
u t i l i za t i on . 

Background: Any study of energy utl l lzaton in commercial buildinga met 
aderaee the interralatloanhlpe among various energy aeaV«aaa. ma amdir 
standing of the net energy performance of dayllghtlag strstaajlaa awl 



•fflctaae ,«t*ctrlc lighting-ayeteae w t t iaclaaa mat oaly direct light­
ing aaargy aaflaga but alto the laaeet oe overall balldlag eeaagj coa-
i—aim lal feek. lead cheeeeterUtlc.a, lacladlag baittag aad ranifag 
•7«t«a performance. Althaagh daylight tag effara epaertwaitlee ta elgal-

, :fl«aa«ly laarors the eaargy effUleeay aC baaUtaga; laeiaaam daatga 
eaalyala aa? lacreaae heattag aai aoaliag lead* te taa aelat that they 
M£«ad ll«acta| aeergy a**laa*= •» the»*rat* *aad %* reaalarily -nadet- --
Mtaad e l l energy-related aaecte »f faaaatrMla* parti—ana ta eceer to 
properly predict real eeorgy wrtaaa aaavlar aateela-at awlldlag ' 
vnergy perfaraaac* at* ra l l i ed ••'»<«»)> »., •»»' *«• forename aawla-
cloaie •« energy u i wttfe tlaaata. --<>••••»••* ivCfdtet type, glaalag 
trp«. glaslag area, t a i w i a * * MnaHH caai'j lee*,. aai vtaaftla 
traaaalttaaca. Tfca. see of gaaatat*»»,»'** •#•»<«§'***"£Mtr*2 eyatee* aai' 

* operable ahadlng ayataaa farther c a H i i k M tea »£jtfe*j.. 9w U the 
complexity and interrelaclaaaM?* af ':!* «n#rgy (laea It fa aaaeaaery to 
prorlda field ralldattea cStaaljiitaH vtmlzs at ««r*rai dlffereat ie*= 

• • 1 « * " • , >? 

V 
general ApnroacSs We acu£y tiila Qattalxatloa jroslea fraa tfcraa ae*afec<-

- tlvae. Lerge DUlldlng-energy analyele aodala ara eennrfel teele far eye- ' 
fanatically studying the energy and load laalleatleee af eheaeaa la 
building daalgc and operatloa. Va utilise DOB-2.1 aa She erlaary 
analyale nodal for a'ur optimisation studies. Daring taa laat three 
yaara «M have aada a auabac of aodlflcatloaa to taa standard operating 
version to Incorporate new fenestration algorlthae that allew aa to 
batter aodal the tharaal and dayllghtlng aspecto of glaslag perfafaan. 
A alnpllfled dayllghtlng nodal for DOB-2 «•• developed la IMC aad bee 
boon uaad extenalvely In optlalxatlon atudlee. A leased geaoretlae 
aodel haa baan devalopad and la undergoing valldatloa. The nrfiraaaiua 
a£ a broad ranga of (lacing aatarlala baa baan ayetaaatlcally atadlad la 
tlirea dlvaraa cllaataa, with addltlonal^atudlaa now In prograaa. Ibaaa . 
atudlaa will help ua uaderatand the eoaplaz anargy-ralated foactloaa of 
window* aa well aa Identifying optlaual atrataglea for each cllaate, 
orientation, and building type. 

A second, aad coaplaaentary, approach to analytical aadallag la ta oal- ' i; 
lact detailed exparlaautal data to -verify aodel predlctlee*. He' aawa 



"A sacsed. and. 'cmfimmnttTj, approach to analytical modeling la to col-
' lact* ^atalted supsit—atal data to verify nodal predictions. We have 

itaatgaad and ara cenatrnctlng a unique fenestration' taat facility which 
will allao, for the flrat tie** direct nsesurenent of the net energy 
parfeMsewce (eternal and; aeyllgntlng) of fenestration systeas. the 
Manila Wale* Tbaimal Teat (MewlTT) facility consists of two etde-by-
als* t »»»*ly Isatrwaaatad taat chanters and la designed to teat window 
•ad ifcylighu •ntdnera e d i r varying envlroaneptel conditions'. The 
facility can be used to neeaare net energy flows across a glazing eye-
can, ar, ante algalflcastly, the net energy consumption.,of the chaabar 

- aa i t elatetUtas « eoon in' s building. The tberBal effacta of lighting" 
energy cenesaipelOB and dayllghting eavings can to neaaured in this 
faculty. . 

The final _pes?spectfcQ en cptlsal energy parfosaanee ia that of the 
actual building„ including aoc only design and construction, but alto 
operation. Many design decisions hlaga upon aaeunptloae about the 
aanner In uhteh seal buildings axe utilised, aseunptloas which 'fre­
quently tura out to be inaccurate. For thla reason, although It Is 
costly and tlas-consualagi it te iiiportaac; to neaeure actual building 
performance eo l e a n sore about aaaing? an* aad load prof l ias . United 
data on eavetai buildings have fceoa collected daring the past five 
years. • We vl.ll -enlarge thin" Hmti«£ data-been with new data from our 
oun field'cwoluatlca ntngraas *,* mt': as Clk-M cS ether research groups. 

http://vl.ll
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VI. IMPACTS PROGHAM 

A. Lighting and Visual Performance 

Objective: To determine the relationship between environmental lighting 
and'visual fatigue for,operators o£ visual display terminals'(VDTs). 

/ - . ' , . ' J • • ' . 

Background: Users of video display terminals (VDTs) commonly compU&h of 
a variety of symptoms which can be grouped under the heading of 'eves-
train'* or "visual fatigue." Discomfort may be ae'coapanledt by a tea= 
porarily Impaired ability to perform the VDT task, and the symptoms may 
continue for hours after- TOT use. Users, employers, and equipment 
manufacturers could benefit froll eliminating this problem. 

la an experimental approach to this problem, one could, Ideally, measure 
"fatigue" during performance of a VOX task, and vary display parameters 
and lighting'conditions JLn sn attempt to minimize the fatigue. This 
approach is impractical, however, because fatigue is not readily quantl-
fied and aeasuEed, or even defined. Thus researchers must make, assump­
tions about which measurable visual functions may be correlated to sub­
jective visual fatigue„ and then construct an operational "Safinition of 
fatigue in teras of these parameters. Through experimentation, one 
might then be able to identify certain temporary sensory or motor defi­
cits or abnormalities which correlate' with' subjective fatigue and/or 
reduced performance. .It,can then be determined which properties of the 
Stimulus produce' these^changes In visual function. Ideally, one could 
thenaake appropriate changes in the display hardware or task lighting 
and thereby reduce or eliminate subjective fatigue, at which point the 
ultimate goal of this type of research will hava been served. -". 
' " " ' * ' jj?" .. •'' '- ; - , ' . "~ • -; • 

General Approach: Flrat we will obtain measures of performance, measures 
c 4 • • ^ . . . . 

of -the parameter* of visual function, and subjective reports of visual 
fatigue for sessions in which a task Is performed, on a video display 
unit and compare these to data for sessloas in which the seen task i s 
performed with a typewritten or printed display. Any s t a t i s t i c a l l y s i g ­
nif icant differences we may then associate with properties of the video 
display, or with interaction* between tbe display and. the lisjfctiag 
environment.' The sensory tes t s (of spatial and temporal comtramt 
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sensltivity)• ,u£li Qiyc no insight;,Into 'specific parameters of the 
display' whiclj are associated with visual fatigue aad/or reduced lovelo 
of task performance.- ' 

• * • - ' 4 • 

Variables of Interest, include specific video display terminal unite. 
(with their associated apatialp temporal, and chromatic parameters), 
environmental lighting (luminance level, glare level, spectral distribut­
ion^ temporal characteristics), reverse field wo. normal field, view­
ing distance, and tranalent adaptation effects* 

- - W , / •• _ • ' . " " • • 

An experimental session will be devoted eo Q single cos of experimental 
conditions (one video monitor or printed stimulus, OECS set of lighting 
conditions, etc.)-. vA session dill begin with visual function .tests (spa= 
tlal and-temporal' contrast sensitivity aeasureaento and color vision 
tests).followed by a one- or two-hour period of teak performance, and 
concluding wish repeat sensory visual function"testa. ", "•>-'•.''-„ 

B. Human Re«i{ioaeeG to AselflcioX Lighting: i 

Objective; to dcteraiaa the tossaa responses to artificial lighting and 
lighting systeno through quantitative, objective experiments. 

- • y 

Background: tho possiblity that environmental' factors will have adverse' 
effects on health has become more prominent In the, lay press in the past 
few years. Those reports are principally subjective, unconfirmed, and 
anecdotal. Many environmental factors have been Implicated, but, scien­
tifically obtained 'data are lacking. One Implicated factor which is 
amenable to control is that of artificial lighting. Preliminary scien­
tific reports have occasionally appeared. ' 

v 2 .*-•?' '', "' .' 
Lighting factors that may influence performance and productivity can be 
attributed to the lamp, the electronics and. associated controls, and. the 
fixture, aa well as to the geometry and location of the lighting system. 
These factors produce conditions such as color variations: glare; Inten­
sity fluctuations; spectrum Variations Including within the ultraviolet 
'region; electromagnetic field generated by Che leap, ballast/ or con­
trols; and flicker, all of which, could evoke a .variety of human 
responses. These responses can be behavioral, phsycbophyslcal, 
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ptiyoioloolcol, off Meelfcinleal. •'• * • .''•' ,_>•• ; 

PscocnE tosolcdcc dcoo aoE HdlGqunEcly explain efea offcefio of lichEing 
faraasaEero on'poufoscnssc as " pffediicelviEy. ...FiirEltaiEnora,,- Efeerc a rc no 
general ly ogrccsl-Bpoa f i d e ! ECGEO for aOcQrEaln&Bio any poosilblo negoEivo 
impaeEo oa "coctorp „' Ec!iln3 &n£o ce&KQS Efco uidc vasiloEy of Enolio and 
U8htlng. sysecao to E O K psopaccil. 

B n purposec a£ tMo -yacoaircn aeo EETJO' EucsfdXa: .(1) eo dottoHaico discsE ' 
eoaaeettoEB (££ cay) DoEuooa tezan eccconcoo ancl lijjhaing.-fiacCoBa, ..omd 
(2.) ££ EheEO'ilq 'azsti a eciiassElea,, Ea p^otddo iinfioifcaEica oboufi qn^JLifiy 

" ac3—iapacE oli a citoca Mcb2fc3, cavicGEacaG. AleCiOMgib ciafoJesEivG 
ecopaceoo by voebol oc i tciECcn eeaa-iaieas'&ca ^ E b cocteco cea proviso 
oeaa of Efco ccccicd iofoEaaEicaj Etbca OEC ceaaifcflly nc3dicd"t>y a DM JS>£. 
cse io los lea l , ccd CG2£vaeS.oa3l, JsesEoEO. 

fesemal Appagaefa; EJGCO InvcoElcaEioao caka toEaaoiwo «ica of Eoucub^cs" 
E£yo cespoacoo. In 0E(2GI? eo obEain Q hSoBtOE1 403020 of eacoo=ata!=Qffoee oq 
c a l l QS-'.Bepeaea&itieyt, ' , • . ^ 

TJo w i l l EcoE t&ottnr cetnEQ e&aajjco im anHjiome l igh t ing in a b l i ade i 
paiEcd-ceapaBiooa E00E caa pre t tac de tec table changes in,any of a dumber 
of fcafejvioeal, pdyehophyolcol, physiological i. or biochemical paracetcEO. 
The paired conpariooa io bateaen incandescent l igh t ing and a t e s t l i g h t -
iE3 . By oE'iiJyino naleiplo''pasameeess and organ oyatens we .will increase ' 
Efco JULIiolifcoc'd of floEcsEiBG an object ive aeaanmro/ of S physiological 
aSSca&<. " ' • , • '• 

Cinso coat • p&yoioloBicol.functions a r e under otirong-honeostatie (feed-^ 
test:) eGBEBoi, ta o»eloB Eo' increase the s e n s i t i v i t y "of our measures we 
ulll ofcmky cfcaaooo not only i n mean~responses hut a lso in the variance 
c£ CtiOGD reepoancao, . .particularly under conditions tha t addi t ional ly per -
Ecirb ("JLaad") ttka ayotea. Jo t h i s way we can determine not only abao-
ItsEa changes l a responses bat, a lso any effect t ha t l igh t ing changes have 
03 phe "dynaaie range" over which the hoaeoatat ic mechanises compensate. 
In sued an 'approach the measured end-point i s the amount of load 
inquired to s igni f icant ly a l t e r a control led quant i ty or I t s var iances . •• 
ilita esperimeae. « i lL eequize on- l ine analys is of the r a s n l t s with a 
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niejreeoiipESoi? ESJCE io rc2aic3- Cta cccasfcceE? The, Eica ogame 'uiEli cacti 
oabjeefi la qXcn a^nflnitcej by cn i c j ccqcoas£ol oEattioeieol aaalyoio ( t o r -
o ina t lns o ee i a l oa cs :n aa afeaefliiClqaJ."islGniCieacso. 1G r eac t ed ) . 

C. Oecufsne Qcopcasa EO Caecsol Mcheico 
, • • - ' • • < « " " ' . - ' , _ 

Objective: Bff develop en' itopsovci {Ciosaeccains of eseopaae ircopoaea to 
the feaestEoEiea ccaesolo aceceaasy for c a i a i c i a o . dayMctoE u t i l i s a t i o n . 

Backgrounds Encroy orf lead ccStisEieao, p£H fco cslilcvca u l t h day l ig te ias 
a t racsgieo only- i f eliecemfeeB- GlaBO fsen cinders apd ibo- uadeaiaed fecaE 
losses aad colea eteouglfo femeseraeioa cca t o eoatEOlled.~ U n i t e d 
cagtisr<as.CQ £a dlaylie ctwtEoiricaSo QCSQCOEO ttsafc -tbo added thessml "coat" 
of feneetffaeiea eca ouecaiQb etes dayligbEfcg tsacofilEo i f f enes t ra t ioa io 
aot properly,... AooismcS aa& naaaged^ -Discee glniro 'fros .--aualigbt.-aQd 
discomfowi: clairc fsea aa tmobatriietcd' v ieu of Eta,, oiy- -can force off ice 
occuj^anto eo ' inescaaa indoor o loe t s ie l i g h t level's in- order jto lessen 
brightcesc Q^MicnEo. Shoo, ecatEol of feneaeraEtoi 1} Eo s i u l » i s e [vess 
loos EEC! [-.act oaln, 2) to 'eeaeeol diEtee sunlight,, penatraeion; and 3) eo 
Ecduso'tha luninaaeo" of esenpaae views off ehe s k y aire a l l p re requis i tes 
so cehte?iBS oigaifieoee. GStficgQ. Stnae i n t e r i o r dayl ight , i l luminance '" 
o i l ! bo codified by coot o t ra tegiep cbieb cohered' Etoeraal sod op t i ca l 
propertioo of c los ing , ifr, i o inporeana eo lifer, e ta operation of Hight ing • 
eeatsa lo fio faaeoeraeioa eooEsolo. - . '•' 

TeelJEiieallyt Etc fcaoe ' cay- eo assiyo ae en cpliausi daylight/energy 
csnageceac oyotea £o eo oiaulsoneouJly cont ro l eha iuainoaa and tharaa l 
peopeesico of £Edsas covironaents using automatic insula t ing and shading 
cyceeac esaplcd uiefc peapoEtional dlsaing o£ e l e c t r i c l i g h t i n g . Coneep-

Emally, ccsh on opgEoaeli appease 6o bo p t ra ight forsard . In pract ice, ' 
problems • aelco ia.fiKSfjaifcaos ' 

1) Bavalopziat of EceccaoEy faaicdcara nnr:H coatroloj* 

42) lEcoBpoiioEioa of coa^jolo into fctoo arci i l tcetusal dcoicn of a bui ld-
£ 0 3 . ' • ; . 

1 • • • • • 
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3) Co3te-af£ceeavccoDo of eta control oyatcso. 

Q ) - Oeeapaatt acceptance of the controlled cn>7irc™e:it and response to 
" Efce control- foneticaa. 

t?e posseso United, data on tha firot three IGSUOO tsis&̂ a poor aider Hand­
ing of\ the fejjrttu ¥ct decisions concerning aotoaetic »». manual con­
trol isay have significant coot implieationo. 'In addition, major inrest-
aents in Gophiotieated' control tcchnologico nay bo vested if occupant 
response is/not considered. 

. k • 

General Approach:' Tula research project fcatlda cpoa prior studies of 
occupant preference for oiniou oino, shape, ad location and related 
cork on vico. - Specific planned taoko inclcde: 

. I- Csadmetina a cite enrvoy to identify the range of characteristic 
existing eoEditiono related eo fenestration acd lighting controls. 

2. latervicoins oeennpaaeo to detornlEO preferences for control stra-
ecgieo coil hoxdearo am£ for nmieral Interior environmental coodi-
tioaa. • 

3 . , Seedyias occupant rcopanca ."tmdar a var iety of building conditions 

o i th a f o i l ronsc of pqimnal and autoaatic fenestration and lighting 

eaatrol oyotcaa. s - • ;£ 

4. Baeomlnlas ttta relat ive CEcrgy savings and load management poten-' 

t i o l c of tha aysteno studied'in task 3• 

So ,*Bacad (jpom-Initial f i e ld resu l t s , aodlfying control systems to 

iagrevo Che-fit oi th occupant preferences. . 

G» Bavelopins a model of occupant response to thermal and luminous 
; • ' " • ' • . . , ' • • ' ' * • ' : • 

factors cfidch can bo used to determine optimal control strategies 

. for BsslnlcisG cosrgy/ioad seringa comeistent with occasaaC s a t l s -

'faction. 
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i.'^::p3rnc; cacnleo Eo- cc-oi?a£. tiO/JacG EypD0*aa«3 Eo a rauQo of cli>-

\ fJ. VioiMKfcy aad Pircducitivity 

C^ece i jes i S>' <2GVO£OH aaolyeie eeolo mcscDoairy eo doEOmino tho offcef 
cS-'iSghtieg^oyotcqo on' Etto parfoeriateo of vional taoko and to t e a t tlfa 
applflcattaiJ olc ^Jsmjelo • ouch ao tfeo ESI ami. GIB code! . -

••CcojepfQunfl: \to» cnpis ieal coettsdo £©E aoocaoimg the <jWtHty. of a l i ohe -
tvj etwitamienK and i£o offcec .npon product ivi ty hove Eicon dcvclapodT', 
c io by.ete! iilnHilEaeina EagieoofflaG, EacioEy (IBS) of t i n Waited SEaEccf 
cci- cao oy tfec. iBtesfaaEieaai Cccniqoioa on IHnntna t ioa (CIE) • 

Eta XES hoc ircccinzottdcd ~ ttfco raco of Equivalent Spbbrfcal IlinESlaaEion 
N -

(ESI) 'no a -EiBaatp of cosifc-foE tfeo coqjaEiooa of lightisur; oyatond. Hue 
.CIS I D dovcloj tas\a COBO Gtcplcn csdlci otiieh attezspta to predict vional 
poEfoESEaec ao a ffoaetioa of l iohti iag. Thio codol incltuico the concept 
of ESi. ' Eocavor,? -kharo I D dioaQircenent over cone of t h e . qua l i t a t ive 
£s6tdc imr-E'Sl botcooa diffciroHt lichtt'ins oyo too ( e . g . , tba advantages 
of jffllasiEing oyotend off Qyeiatfe) d e a i r a M l i t y of l i gh t i nc levelo above 

. 50 or iOO SSI foofceaodioo. Pkeeltoircoro, tho vicinal codol hao not been 
characterized oufficickntly to lie uoablo in a ccnplotc economic nodel for 
optimising iietotinjj levolo OF bctabliohing l igh t ing atondard^S' 

General Approach: Bho follctjitijj specif ic ana ly t i ca l taako ' a i l l be usdec-
toloon: * "* • 

1)- Ideat'lfyiocj cihaE oddieioaal iaf omaEion. io' needed to make Ehc CIB 
•codol d i r ec t ly applicable!.to f iold o i tua t iono . • / 

2) IdonEifyiaj* aad °aedlycim3 eho viaual and nonvicual f a c t o r s " tha t " 
" •' eoatEibuto to Job poufomnneo. 

3) Aaalysinc ceznon viomal taoho to ident i fy tho v icual otinraluo 
pdecnatQso Tcfcoy- oncoopaoo.. _ ~ _• 

Ca 
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4) • A^nlyDlEO Eto ray..sItaa;3QO in attonluio parc^otora af fcs t uic-jml pak— 

QOolpulaSilca of; oMnoioo parcaQtero arc conoioccnc :Jitb' pircdleticna 
£ p n efca' ESI -s<3cl. 

6) Evalmaelnc eta c££a2£o of ettan[jco i n loniEQiira daoisn and placement 
on parcnoioiro of £Sta vioiinl o£ln«iil>io. 

•7) ^EceaMioM.ng a pgaeoeol for evaluaElnc tDin cfircsC: o£ lr-.:',aalgo and 
^Iccczofflt'oB-'vitwHil porfomhiteo and ecuparfao ianovaeioao In llQiiffi-
Ists..4ooiea. ' • • • _ - . 

8) Evaluating CZia affect thot choiaoca l a l i she lao . hsrfcaEQ an.3 
'lirrlnrrllgo airECEQCzioaK have oo tho pasfemaESQ of- coznoa' cask Eacio 
i a Etta H o M . " : 



ra.H'FEOGBfill FACttXEXEQ 

'..A. Laurence EarCtcley Laboratory 

Pnycical Lighting Laboratory 

Facility Location: Building' 46, Eoen 159 
Laarcmca Barttolcy Laboratory ' ' " .. •- ' ,. 

General Description* s Thd Phyoical Lighting Laboratory''io' a aeuly con­
structed laboratory opocifically dcoigmcd to neaourc light and lighting 
systems. The space qeaouroc .1200 oquaro feet and ib divided loto^etnrcc 
oections: a lighting caaourccarat- area, a leap and lonp oyotcn life 'teot 
area,'- and a general laboratory area. 

The lighting neaoorcr:cnt rotn io 600 oquaro. foot and ifl equipped 'to 
ceasure'all of the charcctoriotico'of light oourceo and lighting oyctcno 
in xa [Standard controlled onwiroanont o£ 25oc. A heat p»ap ia uocd to 
naintain a temperature of_ 25 & 1°C oo- that abaolutc light flux can be 
accurately neaomrod and referenced to the otandardo cot by the National 
Euroou orVStandordo and the fcerican- national Standards Inotitute' 
" (AIISI) • '^. " . . . 

The 1 nnp-life toot- area io 300 oquarc feet and ..containo lapp test racte 
/uhich pemit the long-tern operation of all typea of light sources and 
\oyotcnD. Tho pocar io farniohed by tuo otablised, regulated power sup-
, plieo that can furnish either 120 or-277, volts. The-total-capacity of 
the ouppiy io 20 to. Thê jfotiar oupply can be programed to provide a 
tdde range of on/of£j cyclco to conform to the standard ANSI test pro­
cedure for cacti typo of light source. A mechanical ventilation system 
restoveo the hoat given off by the lamps in/ test and minimizes drafts. 

Tho ttiiifd FOOD houcoo a.email office and ti general laboratory,with run­
ning water and £infc^\.Tho construction of, test equipment and the needed 
chemical prepapatio'feo are conducted in this loboratdry. 

Equipment -List:.. \ . • - . ' , < \ 

- 'Bijjit-foot integrating sphere 

file:///oyotcnD
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EG&G Model 550-1 d i c i t a t radioriatesr/phoeoneltoir 
Calibrated photometer probe 
Calibrated opectro-radioaetor (280 t£J - 100 tin) 

Hewlett-Packard 9825T desk-top cal'flilotor 
Hewlett-Packard 358A olgnal analyzer o i th antenna' oet 
TektromlK 7623A otorage OGciUeccopa 

7A13 d i f fe ren t ia l coaparltor . .,; 
7A18 dual t race amplifier 

. 7B53A dual, time base .-' 
7A22 d i f fe ren t ia l amplifier • 

Function generator.. ' • •' • . 
Hewlett-Pacltard 345&A d i g i t a l voltmeter 
Hewlett-Packard 3497A data acqulatlon system. 

20-cha'nnel multiplexer 
Clark Hess. 255 high-frequency volt-aop-wott meter 
two-pen recorder 
Vecco diffusion punp syotem 
Pe l t i e r thermal control system ' '' . 
Reference ba l l as t 
BaljLast teSt" system 
KBS cal ibrated l igh t sources 
EMT 4lp5CR 120-voJ.t. superior power supply (6.6 kw) 

power supply (12.4 lew) EMT l<i4'32\277Vvo'lt superior 
Fluke/ dafaXacquistion system (60-channel) 
Vol tage^current , power transducers . . 
Tektronix' J^lfe photometer 
0-36 V6C power Bjipply Ca.-J8 imp) 
p-150 VDC power supply (bt-2.6 amp) 
20 ' K 30 ' ccreen room. , \ 

! ." ' ••'' ' ' > '- '' ' ' 

with luminance iprobe 

^ 



Eight-foot 
integrating sphere 
with data 
acquisition system. 

CBB-819-8734 

£5 • Equipment for fundamental 
{,-' plasma research; 

CBB 8,19-8728 
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< & • 

\ I 
'^ttft-**^ 

High-frequency . 
ballast test 
station. «. 

* ; 

CBB 819-874ff 

Lamp-life test racks for 
lorig-term testing. 
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Moblle Window'Theroal Test (Mc-WITT) Facility 

General Description: Energy optimization for daylighting cannot be prop­
erly determined unless tDie thermal Impacts associated with lighting and 
daylight utilization are assessed. Although these effects are modeled 

, ,by D0E-2 and other large energy-analysis computer prograns, there has 
been no experimental validation of the"—net energy flows through window 
systems. We are building a field test facility which for the"first time 
•will provide accurate measurements of,net energy performance. 

the mobile trailer contains two instrumented cello in uh.lctr' cjenparative 
tests of window syoteae will be made. The: cells . can be used in a 
calorimetric mode, in which basic fenestration properties are measured. 
It can also be used in a simulation sode, when the cell is configured to 
thermally behave like a residential or commercial building. In this 
mode, .the net heating and/or cooling loads experienced by HVAC systemsx 

, are measured; Measurements of the effects of lighting and daylightlng' 
on internal heat gain can be nade with greater accuracy and at lower 
cost than through field evaluation of actual buildings. 

Equipment List: ^5^* 
2 -Calendar clocks with battery back-up 
2 LSX-11 ccnputero ~; 

1 Hewlett-Packard 305W280 data acquisition system 
!• Fiired-head disc-1 drive / 

\ 2 Dual floppy disq driveo 
2 Zenith Z/19 terminals 

\ 1 ADM terminal _ V. . 
1 Hewlet-Packard plotter 

\. 3 Staefa temperature control syoteao:" 
2 heating/cooling/humidity; 1 heating/cooling 

;i Chiller, large capacity ••-. - ". 
2, Alr/llquid heat exchangers ' 
2\ Humidifiers . _, "" '• . . 
2 ^Precision electric heaters ' _ , , 
2 Power metering systems 
2 Liquid flow/temperature metering- systems 
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'' i • 
2 Multipoint temperature sensor oyoteno -
2 Multipoint.anemometer bysteno 
1 Heather station, measuring 

Dry bulb temperature 
Wind speed and direction 
Wet bulb temperature 

2 Eppley PSP pyranometero 
2 Large-area heat flint oencor cyotcco 

identical tesl chambers 
with removable party pall 

Adjustable heat loss ond 
i oir iMiliraliOn pond 

Changeable windows 
and mounting systems 

Variable thermal mass 
in floor system 

Active guard-air insulation 
m exterior wal ls 

Control and data 
acquisition Lfistrumcntot'on 

Instrumentation van-

Schcmatic .view Qf Mobile Window Thermal 
Test (MoWiTT),facility. 
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D. DCB ColXcoo of Environmental 'Design, Scho.ol of Architecture 

•Artificial Sky - Baylightlng Simulator 
Pacilley fcesoeion: Itooa 275, Uorster Hall 

College of Environmental Design-
«. ' University of California, Berkeley 

<?' 

General'-ttacerlption: Scale nodela alloa quantitative and, qualitative 
. aasassaemtc of daylljjhtlng lllunlndtlon levels and distribution patterns 
to be made without the tSae' and expense of constructing full-scale room 
interiors. Although useful csaoureaento can be made out-of-doors, 
highly accurate ceasureaento con only bo oado under on artificial slty 
with reproducible luminance dlatributlono> . 
We have .recently completed construction oitd initial calibration of the 
only artificial sky in North America uhleh' allows eodel measurements 
under uniform, CIE overcast, and CIE clear olcy conditions. Additional ' 
capabilities are under development to permit simulation of. ground-
reflected light and direct sunlight. & 

The artificial sky is a 24-fbot-diameter natal hemisphere which,rests oft 
a seven-foot cylindrical wall. The high-reflectance interior white sur­
face is- illuminated by hanks of high-output fluorescent^ lamps In 
cuotocMieaigKisd fixtures. A lighting control system allows easy conver­
sion froa one standard sky to another. A model platform, .accommodates 
large-scale.aodelo and adjusts In height and orientation to permit test­
ing of a range of model sizes in all orientations. "<• 

The facility io currently used for research. It Bill also be available 
for teaching purposes and for uoe by practicing architects and engineers 
to facilitate the .design of energy-efficient buildings." 

' Equipcent List: ' . , • . ' 
1. Tektronix option 1 and 2 jl6 digital photometer 
2. Tefctroali: option 1 and'2 J6511 illuminance probe 
3. Tektronix option 1 and 2 J6523 one degree angle luminance probe 

(option 1 English scale, option 2 metric scale) 
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4. Msgatron architectural model lusrmeter (12 oensors) 
5. Spectra Model 1980A photometer 
6. L!-cor Illuminance probes (60 sensors) 
7.. LItemate/Spdtmate System 500 photometer 

^8; Photoelectric cells 

- • XBB; 804-5182 

Exterior^View of 24-.foot-diameter Jiemispherical sky simulator for 
daylighting studies. . -

\ 
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. C. fl» School.of Optometry 

Lighting and Visual Performance Laboratory-

Facility Location: Rooms 389B.C 
'. Hiner^Hall, School of Optometry 

University of California, Berkeley 

General Decrlption: There are two adjacent rooms, each approximately 
ll'xWxlO*. From one {the Control Room), psychophysical experiments 
are conducted. This rooo houses computer equlpaent, project development 
areas, and desk and storage areas. The second room (Subject Soon) con­
tains three video display terminals, each on a separate desk, a flexible 
system for room iighting/(choice of incandescent, standard fluorescent, 
or high-frequency fluorescent, each with separate controls for luminance 
and spatial distribution), a Xerox daisy-wheel printer wi|h table, and a 
rack which GuDports a Tektronix monitor (used for spatial-and temporal 
vision tests), a /Sanyo^tfolor monitor (for color vision testing), and an 
illuminated background screen. This room Is newly painted and carpeted 
(neutral gray) and is without windows, but with a ventilation System."A 
portable Spectra Pritchard photometer with tripod and accessories is 
also in the laboratory. \ . ,- . ' , •• 

.-Equipment Lio.t: 
Control Koom - •-, x ' 

2 Apple II computers (48K), with accessory plug-in boards* 
(clock, serial interface, parallel Interface, communications, 
vldex Videoterm, PASCAL language APPtEPLOT printer interface) 

" 4 diok-drive units .-," - "' ' 
Centronics 737 printer* 
Centronics 739 pr later. , 

2 Sanyo DM5112CX BSW MMgJtors 

Computer Bench , .': :., . 
Electronics technician's bench and miscellaneous equipment 
Desk, .file cabinet, shelves , 

Subject Room - " -^j t 



• - . : ' " • ••• ' ~ 3 5 ~ • \ 

t ' ' ' • 

ADM-3A: video taraloal (grain phosphor) 
ADK-3A video tarainai (white phoaphor) 
Zenith Z-19 video; terminal (white phosphor) • 
Xerba 17*0 daiay-wheel printer 
Tektronix 606 Bcnltor: «. \ 
Sanyo DMC6013 color video nonktor , \ 

• $ 

\ • • - - . • ' . • } ) . " ' ' ' 

Ovashead l ighting syste^ containing four twia-laap fluorescent 
fixture*, 28 incandescent leaps, and dlffuser, with control 

. p a n e l allowing separate powering and dlaaing for different 
• Ismp arrays, and allowing choice of"standard or high-frequency 

ojoiration of fluorescent leaps 

3 dJcctts for video display terminals - ' 
eablo foe Xerox printer ' 
racij foe lektroofln and Sanyo uaooitors, Bleb oystaaj for 

background l ighting 
vspfcilatiosi systen • —"- * _, ^ " 

• caipoe; . ' - • ' ' ; , , , - -

Poeeablo Equipment ...... L 

Spc^fcre-Prlfchard photomatiBr•. aas3 accsuccfiea 

D. UCSF Medical Centee • -, 
/" ' i ' 

Health cad Envlronaant Laboratory 

Facility Location: Rooa a-4.7.1, Dapartaaot of Kadlcina 
; Schoa| of Hsdiclne 

^ UniWreity of California at San Francisco 
, • • * " ^ 

General Description: The laboratory space la a partitioaad area approxl-
•a te ly U'x 11' x 1 2 ' . , Within t h i s space Is the experiaaatal t ea t 
efcaaber V :-•>'"> 8 ' ) , a d ig i ta l PDF 8/A coapaxer/ an 05/f operating 
systeav, -two VT100 video tsralnals , and aa ILA Una/printer. Insiaa tb* 
tes t cbaaber i s * the sabjaet chair sad . aa Oftlistraa, ia srUaat ie 
exerc i ser . ' 
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. — — - • • ' • . i . "i . 

The lighting syatea In the RF-«hlelded room consists of an overhead mov-1 

able lighting panel, an adjustable glare aource mounted on the front 
wall, and a photometer for measuring the light level In the room. A 
' • ' • • • • ' " • • ' / ^ 

Tha lighting panel haa apace for eight leap rods. An experiment; aay use' 
two aete of four laaproda each from any of the available types: lncan-
deacent, cool-white fluorescent, daylight fluorescent, or high-pressure-
aodiua. A computer-controlled solid-state relay chaaala allow* the 
PDP-8 coaputer to turn on the laap rods In a programmed combination. 
Tha coaputer can also turn on two colored laapa on each of the incandes­
cent lamp roda. The light output from the different typaa of lamp rods 
will be oatched to each other to within a fas percentage points by vary­
ing input voltage to the fluorescent and high-preasure sodium laapa. 

-. ' - ' ' •• •*' 

The adjustable glare :source mounted in front of tha eubject houses two 
leap rods,' with one of each, of the two types aounted *•%.,the overhead' 
lighting panel. The computer, via the solid-state relay chassis, also 
controls ehesa lamp rods, the front panel of the glare-source-la opaque 
except for 1/4-inch olits directly in front of the lamp roda inside. 

,v ( •- •' ' • ' < • . ' . • ' 

A Tektronix J-16 digitial photometer is mounted inside the room. It Is 
connected directly to the coaputer which can thereby'measure the light 
level Inside the room in real time. . •. 

; . . , * > . - . . • • • " ' . : ' . ; ' . • ' • : • " • * • •' 

Bquiammnc.-Um^:.'. .' *• 
lactation chamber •• .-, >,r. 
Digital H>* 8/A computer ' „ / r 

05/8 operating system 
- SXED software ayataa 
2 EL01 dlak drives . •< . . 
2 VT100 video terminals' 
I U 120 line printer 
2 Dlgltalker DT-1000 speech synthesizer boarda---^^^' * 

• 4 O R E L LCD aata 
Typewriter stand and deak V 
"' .' ' V 
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VIII. • FEHSONHEL • \ 

- Principal Investigator: Samuel Baraan, Ph.D. 
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