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FOREWORD

The Sola Therma Enery Systens (STES Progran within the Departmenh
of Enery has its origins in the nationd sola enery researh ard devel
opmern effort mandatd by Congres in 197 ard initiated unde the prede
cesso agency the Enery Researk ard Developmenh Administration The
STES Progran is responsil@ for developmenof systens known collectively
as concentratig sola collectos as wel as developmen of salt-gradieh
sola ponds The speciftc concentratig systens beirg pursuel are single
axis tracking parabolc troughs stationay hemisphericebowls heliostat
basedtower-mountd centrd receivers ard double-axs tracking parabolc
dishes The® approache all use reflective collecta surfaces to con
centrae the suns rays on a smal area in a receive to captue sola hed
and increag its temperatue dramatically Sal gradien pond rely on a
physicd phenomeno wherely salinity differentias suppres convection
enablirg a salire pord both to colled ard store energy

The® sola therma conceps offer a versatik enery option becaus they
can convet sunlight into hea within a wide rang of temperaturesin-
cluding those abow 2,00 degres Fahrenheit The hea can be usal
directly, as in industrid processescan be converte into mechanich or
electricd energy or can be usal to drive chemic# reactiors that produe
fuels

Sinee our first Annud Technicd Progres Repot was issua (for Fiscd
Yea 1978) ther has been considerald advancemenin materiaé ard
componerd research Fiscd Yea 198Q which this repot covers is signif-
icant in tha a substantihbod/ of operatig data from first-of-a-kind field
experimens amd otha tesst is becomimy available The particula tech
nologicd concep$ involved are parabolc trougls ard hemispherich
bowls Complet parabolc dish ard centrd receive systens are unde
constructim which will produe dat in an industrial,enivronment (Ther
regula operatia is scheduld to begh in FY 1982)

As will be observe in readirg the FY 198 Annud Technicd Progres
Report the STES Progran is supportd by DOE field offices ard nationa
laboratories which hawe contribut@l extensivey to the Report Ther sup
port is greatly appreciatd by the STES Program Also appreciatd is ther
help in involving the private secta in the developmet of the severa sola
thermd conceps ard in transferrig the benefis of ouw researb ard
developmen efforts

Gerall W. Braun Directar
Division of Sola Enery Systens
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EXECUTIV E SUMMARY

FY 198 SOLAR THERMAL ENERGY SYSTEMS PROGRAM

The U.S Departmeh of Energys Sola
Thermd Enery Systens Progran use
phasd research development ard field
tests to assi$ in establishig the systen
feasibility of low-, mid-, ard high
temperatue sola concentratig collecta
systens ard sola salt-gradieh ponds
Industrid acceptane of the® systens
will build on this ba® of component/sub
systen researb amd development data
generatd from ted facilities, ard field
experiments The progran is nonv pro-
ceedig into a pha® involving implemen
tation of first-generatio desigrs in field
experimens ard pilot plants In paralld
with thes efforts progres is beirg
achievel on the developmen of second
generatio concentrato ard collecta ar-
ray desigrs which incorporaé improved
engineering highe efficiency, ard lower
cog components

Fou classs of systens hawe bee identk
fied as havirg the potentid to captue
maja shars of key sectos of the U.S
primary enery market The suitability of
these systens for the markes in questim
is basedon ther unigwe opticd character
istics ard modularity The four maja
classe are line-focus distributel receives
(parabolc trouglks amd hemispherich
bowls) point-focts distributed receives
(parabolc dishes) centrd receive sys
tems ard sola ponds The® systens will
be usal to produ@ electricity, provide
proces hed a its point of use for indus
trial applications provide hea ard elec
tricity in combinatim for industrial
commercial ard residentid needs ard
drive endothernmi processg for produc
tion of liquid ard gaseos fuels ard chemt
cals

Sola therma concentratig systens adap
well to existing industrid facilities ard
powa plants System-levk feasibility is
being established ard selecte systens
will be ready for use by industy in the

X1

early 1980s Industrid proces hed is a
maja marke tha cen be penetratd in
the nea future by sola therma systens
supplementig conventiond source of
thermd energy

In the categoy of distributed receivers
the nuclews of a parabolc trough collecta
industy is emerging A numbe of com
panies are manufacturig componerg ard
subsyster® on a semi-productia basis
ard othes hawe expresse seriots interes
in doing so. The industrid proces hed
field ted projecs as wel as the systen
field experimend for irrigation a Willard,
New Mexico, ard Coolidge Arizong rep-
resem practica applicatiors of line-focus
technoloy from which operatilg dat are
being obtained The first maja
installation  involving dishes will be
located a ShenandoghGeorgia in a totd
enery mock to operae a knitting mill.

Centrd receive technoloy al® is
becomirg well developed Construction of
the 10-MW, pilot plarnt nea Barstow
Calif., is on track amd scheduld for
completiom in 1981 Follow-up efforts
establishig the connectim betwea this
pilot plart ard initial utility repowerimg
market are unde consideration

Advancel developmeh efforts are focus
ing on:

* Expandig ard acceleratig the devel
opmen of technology by improving
materiak ard componeh performance

that
its

* Providig storag technoloy
enhance the sola capaciy ard
potentid to displae fossl fuels ard

* Providing highe temperatue technoi

ogy for additiond industrid proces
heda applicatiors and ultimately, for
productiom of transportald fuels ard
chemicals



As improved desigrs are defined ard
testel amd production  studies are
completed earlie favorabk cog projec
tions are holding firm ard gainirg credt
bility. Even thoudh the first-of-a-kind
pilot plat desigs would cod severa
times the progran goak if they were built
today, improved designs high-volune
concentrato production ard systems
leve experiene will redue the gap
Operatirg experiene is alo key to
investmen decisiors that will initiate ard
broade participation by industry.

This Annud Technich Progres Repot
presens descriptios of the researb ard
development systens application proj-
ects ard supportig activities carried out
unde the DOE Sola Therma Enery Sys
tems Progran during FY 198Q The fol-
lowing summay highlights the mog signt
ficant FY 198 accomplishmerst of thee
activities

POINT-FOCUS TECHNOLOG Y

Technology Developmen

» Parabolc Dish Technology

- Generd Electric ard Acurex Cor
poration selectel as contractos for
detailed design fabrication ard
installation  of prototype low-cog
dish concentrators

- Cost-effective lightweight reflec
tive gores with excellet opticd
qgualities developd for advancd
parabolc dishes

- Desigp by Ford Aerospae ard
Communicatios Corp. of first-
generatim organt Rankine-cycé
receive usirg toluere as the work-
ing fluid approved

-  First steam-Rankie receive de
livered in May ard testel on the teg
bed concentrator

- Second-generatio receive for the
dish-Stirling systen delivera in
September

- Contra¢ to desigh ard fabricae an
organt Rankine-cyot powe con
versim unit awardel to Barber
Nichols Engineerig Co.

- Contra¢ to desigqn an open-cycé

air-Braytm  engire awardel to
Garret Air Researkh Manufacturimg
Co.

* Ted resuls publishel on developmenta

testigp of the OmniumG collecta

module

* Smal sola powe systen ranking study
completed

e Two 11.5-meter-diameteted bad con
centratos installed ard successfull
calibratel a the Parabolc Dish Teg
Site

» Storag Technology

Compute progran developd for
latert hed buffer storag systen
modeling

- S studies initiated in the area of
thermd storag requirementslatert
hea storage amd advancd con
cepts

- Study conductd to asses perfor
mane ard coss of existing ard ad
vanceal electrochemicla storag ard
inversion/conversio systems

Systens and Applications

» Applicatiors Developmenh Experiments

Ford Aerospae ard Communicatios
Corp. authorizel to procee with
desiq@m work on the concentratar
receiver ard powea conversio unit
for the Smal Communiy Sola
Therma Powe Experimen (SCSE)

- Six candida¢ sites selecte for the
Smal Communiy Sola Therma
Powe Experiment

» Seventer bids receive for the indus
trial applicatios experimen (EE3
series)



» Response from three contractos evat
uated for the systen desigqn of the
100-kW. Yuma Experimen (EE-2a)

» Sola Totd Enery Project Shenandoah
- Systen design completel ard inter-
face contrd drawing approved

- On-sie tess of proposd collecta
foundatiors identified potentida cog
savirg changs in design

- No problens haw arisen during test
ing of four prototype Shenandda
collectos a the Midtemperatue
Sola Systens Teg Facility.

CENTRAL RECEIVER TECHNOLOGY

Technology Developmen

» Centrd Receive Technolog Develop
ment

- Testig of the McDonnel Douglas
Astronautic Co. receive pane for
the 10-MW, Barstav pilot plant suc
cessfuly completel a the Centra
Receive Ted Facility (CRTF)

- Testig of a Martin Marietta molten
sak receive at the CRTF initiated

- Three improvad water/stemn re-
ceive desigrs completed

- Interim structurd design standard
completel for centrd receivers

* Heliostd Technology

- Find repors on new ideas for helio-
stas from five smal ard five large
contractos shav particulary en
couragirg results

* Centrd Receive Ted Facility:

- The heliostd field maintainel a 95%
or highe operationalevel.

- Testirg ard data analyss completel
for pilot plart prototye heliostats

- Facility modificatiors complete to
accommodat testirg of 10 proto
type second-generatioheliostats

Xiii

» Storag Technology

- Storag concep developmenh com
pleted for an organc fluid mainte
nane unit.

- Concep developmen for internally
insulatel therma storag contain
mert for molten sal receives at
temperature up to 566 C showel
the concep to be viable

- Equipmen built to measue viscos
ity, surfae tension ard densiy of
molten sals ova a temperatue
range of 25 to 900 C ard a pressue
range of 1 to 10 atmospheres

Systens and Applications

 10-MW, Powe Plant

- Plant preliminay desighn work com
pleted ard production heliostd sup
plier selected

- Preliminay earthwok completed
site acces road ard administratie
building constructed

- Collecta field (heliostaj founda
tions installed ard installation of
heliostas begun

- Receive pané¢ constructio begun
- Visitor information cente opened

- Constructio contract awarde for
a warehousge collecta field elec
trical wiring, receive towe steel
thermd storag ard plant suppot
stee| thermd storag tank ard
maja mechanich components

» Storage-Couplt Systems Repowering
ard Cogeneration

- Fou candida¢ working fluids de
signal to increag the efficieng of
storage-couple systens (air,
helium, molten salt ard sodiun) se
lected for study

- Thirteen conceptub desigs com
pleted seven for utility repowerim
ard six for industrid proces hed
retrofit.



Seven proposad for cogeneratio
projecs resultig from an RFP is-
sua in April 198 selectd for ne
gotiation

e Internationd Enery Ageng/ Project

Critical design reviews for both cen
tral receive ard distributaed systens
successfult conductd ard plan
constructimm begun

LINE-FOCU S TECHNOLOGY

Technology Developmert

Performane Prototype Trough

Mass-production  automotive-tye
prototype tooling for 1 x 2im
stampel she¢ metd ard shee
molding compound reflecta struc
tures designd ard fabricated Re
flector samples produce for testirg
in FY 1981

Gravity sag ard pres forming tech
niques employel to form 1 x 1im
laminatal glas reflecta structures

Collecta pylors at the Willard proj-
ect, instrumentd to measue wind
liftt ard drag forces showa tha
pe& lift forces were one-hal the
initial desigh requiremerg ard drag
forces one-quarte the requirement

A nonevacuat® tube receive pro-
ducal 63% of pe& therma effi-
cienyy a an outpu temperatue of
315°C

Size ard performane requiremers
for line-focus collecta drive mech
anisns defined

Desigh of a prototype tracker/con
troller utilized microprocessio cont
puter technology

Quantitative evaluatiom complete
for hea loss in collecta field com
ponents

With constructio completed opera
tion of the 20-m Analog Desigh Veri-

fication Systen hemispherich bowl
at Crosbyton Texas began

 Midtemperatue Sola Systens Ted
Facility (MSSTF)

- Systen Teg Facility accomplish
mens included

1) demonstratio tha collectos are
capabé of greate than 60%
noontime efficiency,

2) establishmen of more than 10
newv ted capabilities

- Collectaa Module Ted Facility
accomplishmerst included

1) characterizatio of collectos
from more then fifteen suppliers
ard

2) characterizatin ard testirg of
prototype troudh structures re-
ceivers ard tracking controls

* Sola Enery Researkh ard Applications
in Proces Hea Facility (SERAPH)

- Detailed plams for the SERAMH
physica plant completel ard ap
proved permitting stat of con
struction

- Major equipmen for SERARH con
tracted for, fabricated ard de
livered

» Storag Technology

- Constructiom completel for a labo
ratory-scaé thermoclire storag
facility to evaluae diffuser designs

- A 4500/ (1200-ga) engineerig pro-
totype thermoclire storag tark de-
signed fabricated ard installed in
the MSSTFE

Systens and Applications

e Shallav Wel Irrigation—Willard,
New Mexico

- Collecta field operatiom exceedd
70% of possibé time, ard turbine
operatel for more than 400 hours

Xiv



- Sprig ard summe solstie evalua
tion prograns successfujf com
pleted

Deeg Wel Irrigation—Coolidge
Arizona

- Constructim completel ard opera
tion begun following dedicatimn cer
emonies

- Systen characterizé ard operate
more than 85% of "good weathet
time, supplyirg 117,7% kWh of elec
tricity to the utility grid.

* Modula Industrid Sola Retrofit Proj
ed (MISR).

- Projed¢ to develp low-cogd modula
line-focus sola therma systens ini-
tiated during FY 1980 Fou concep
tua  systen desigqn  contracs
awarded

Preliminay conceptuh design re-
guiremens established

 Industrid Proces Hea Field Projects

- Seven low-temperatue haot water
hat air projecs operatig ore yea
or longea shav collecta array effi-
ciencies of 126 to 36% for thee
first-of-a-kind installations

- Fou low-temperatug stean proj-
ects operatig or unde construction

- Fou intermediate-temperater
stean systens designd in FY 19D
are unde construction

- Preliminay design reviews com
pleted for five low-temperature
cost-shard projects

Draft final repors completel for
desimp of four intermediate
temperature cost-share projects

RESEARCH AND ADVANCED
DEVELOPMEN T

Advanced Componenfts

* Receivers

- Sandes Associate ceramc matrix
high-temperatur receive for point

focus collectos fabricatel on
schedut ard read for sola testing

- High-temperatue coppe receive
cast fabricatel ard installed on a
parabolc dish a the Advancel
Componeh Researh Facility ted
site. Testirg in progress

Low Initial Cog Concentrators

- Developmen initiated for a folding
face reflecta elemenm (to redue
wind loads)

Powe Conversion Units:

- Completel conceptub desigh study
for a 15-kW, free-pistmn Stirling
engire predics a conversion effi-
cieng/ of 60% a 840 C (1540°F)

- Study of 15-kW, steam-Rankie re-
heda reciprocato hea engire pre
dicts efficienoy of 36% a 700 C
(1292°F)

- Rankire engire stud/ by Jay Carte
predics an efficieney of 33% a
680° C (1250 F).

Transpot Subsystems

-  Reversibé chemicd reactio
screenig studies conductd by
Rockd Researlkh Co. ard JPL

- Feasibiliy testig of an SO; disse
ciation reactos successfufl com
pleted by The Navd Researkh Labo
ratory amd New Mexico Stae
University.

- A Solchen receive containirg a
CO,-CH, reforming converter-heta
exchang coil testel a the White
Sang Sola Facility shows conver
sion efficiencies greate than 50%

Contrd Systems

- Ted apparats for evaluatig single
axis swn trackes designedbuilt, ard
installed

- Publishe repot describe maja
types of line-focus sun trackers

Facilities

- Fou high-temperatu experimeng
sponsord by the Sola Therma Teg



Facilities Uses Associatim were
completel at the Advancel Com
ponens Ted Facility at the Georga
Institute of Technolog (GIT/ACTF).

Conversim of the north parabolc
dish a SER Advancel Componeh
Researh Facility to a high
temperatue therma ted loop ard
connectim of the souh dish to an
opticd ted fixture completed
Opticd efficiencies of both dishes
characterized

Installation of a new contrd room at
the GIT/ACTF completed

Operation  of the Midtemperatue
Componeh Researh Facility
(MTCRF) a SER began

Material s Technology

* Opticd Materials

Testirg verified feasibility of usirg a
CO, lase for cutting thin glass

Performane ard degradatio modeb
for polymes developd ard a poly-
me  developmeh plan for low-cog
dome concentrato systens pre
pared

A techniqee usirg Fourig transfom
infrared spectroscop (FTIRS devel
opal to stud/ real-time degradatia
of polymers

Agglomeratel silver identified as a
possibé corrosiom mechanim in sil-
ver mirrors

Nationd Burear of Standard (NBS
developd armd mace availabke for
sak to researchey two standard for
high ard low diffuse reflectance

Improved metha developd to mea
sure mirror speculariy of large
panels

Preliminay design information de
velopa for use of cellular glas as a
structurda materid in opticd sys
tems Technica feasibiliy of sag
forming cellula glas verified.

XVi

e Thermad Materials

Performane predictiom  modelirg
analyss of use of ceramis in high
temperatue receives developed

Beneft analyss completel for im-
proved selective absorbe coatings

Opticd contrd of solution chemisty
for electroplatig bladk cobat es
tablished Evaluation of bladk
cobat as an absorbe coatig at
400 C completed

Fuels and Chemicals

* Biomas Pyrolysis

Laboratoy apparats for biomas
pyrolysis built, installed ard tested
Various biomas feedstock producel
diese precursors

Desigh complet@ for high-tempera
ture parabolc dish receive for bio-
mas pyrolysis

* Oil Shak Retorting

Analyss verified technicd ard eco
nomic feasibility of sola retorting
of oil shale

Demonstratio of sola retorting of
oil shalé a the White Sand Sola
Furnae (WSSH resultal in yields of
betta than 1106 Fische Assay
(Convention& retorts yield 80% to
95%)

e Cod Gasification

Repot presentig resuls of sola
cod gasification tess a WSHF
showel technicd feasibility ard high
sola efficiency for sola cod gasifi
cation

Experimens demonstratig gasifica
tion of carbonaceasl materias con
ducted on |-MW, sola furnae a
Odeillo, France

Entrainel flow gasification of cod
experimens conducted by the Los
Alamos Scientific Laboratoy (LASL)
showel promisirg results



Othe Fud ard Chemicéa Highlights

University of New Hampshie com
pleted surveys feasibility studies
and analyss for productin of alter
nate fuels

Lawrene Berkelegy Nationd Labora
tory continuel laboratoy expert
mens ard desigh of smal particle
heat-exchang receiver

Quantities of furfural, an economi
cally significart industrid chemical
producel from com cobs Desi
and fabrication of hardwae com
pleted for performirg this proces on
a parabolc dish

Technica feasibility demonstrate
for reconcentratig spen sulfuric
acid on asola therma system

Supporting Programs

e Sola Thermad Ted Facilities Uses
Association (STTFUA)

A Solchen receive for CO,-CH,
reforming successfu§l testel at
WSSFE

High-temperatue advancd sola
receive developé by Sola Turbines
Internation& ard successfuyl testel
at GIT/ACTF producel stean at
1420 F ard 159 psia

A fluidized bed receive developd
by Westinghous underweh neary
70 houss of testirg ard reachd sola
enery conversio efficiencies of
45% at 563 C at the GIT/ACTF.

Sodium heat-pig receive built by
Dynathem ard testel a GIT/ACTF
achievel maximun heat-pig tem
peraturs of 850 C ard powe
throughpa of 11 kW,

Flahh pyrolyss of biomas success
fully demonstrate at the GIT/ACTF
by Princeta University.

Xvii

* |nsolation Resoure Assessment

Insolation data ba® producel for the
Nationd Sola Enery Information
Data Bark (SEIDB)

Developmen of insolatin algo
rithms ard conversion of historicd
insolatin dat continued

Advancel spectroradiomete for
characterizig spectré distribution
of direct, diffuse ard globd insola
tion develope ard manufactured

* Therma Systens Evaluatiom ard Rank
ing:

Find repot publishe on smal
powa systens studs of 0.1- to
10-MW, systems

Preliminay resuls obtaina for
evaluatim ard ranking of 5-MW,;
systens for thermd applications

* Quality Assurane ard Standards

A cros sectiom of the sola therma
industry, canvasse to nominage
standard developmen priorities
identified more than 10®M applicabé
standards

Forty-fowr documerg relating to
sola enery are beirg drafted by
ASTM Committes E-44

* Environmenth Controt

UCLA Laboratoy of Nuclea Medr
cine ard Radiation Biology (LNMRB)
issuel a study "Worker Healh ard
Safey in Sola Therma Powe Sys
tems’

Laboratoy ard field studies by
LNMRB continuing coverirg effecs
of chemic& contaminatio of soils
by sals ard fluids accidentaly re-
leasel by sola totd enery
systems vegetatio managemenat
sites environmenth monitoring of
the 10-MW,. projed nea Barstow
ecologicd ard microclimatc effecs
within heliostda arrays ard guide
lines for communiy utilization of
small-sca¢ sola thermd enery
systems



INTRODUCTIO N

LEGISLATIV E BACKGROUND

Federd involvemen in the nationa sola
progran bega on Jure 14, 1971 with a
Presidentih messag calling for prograns
to ensue an adequat suppy of clean
enery in the yeass ahead A Sola Enery
Pané formed in Januay 1972 identified
the potentid contribution of sola enery
in meetirg this goal ard on April 4, 1973
the Nationd Sciene Foundatiom (NSF)
designatd by the Presideh to be the lead
federd ageny in coordinatig sola
enery researb ard technology assumd
responsibiliy for the Sola Therma pro-
gram

On Octobe 26, 1974 the Sola Enery Re-
search Development ard Demonstratia
Act (Publc Law 93-473 was signal into
law. Its god was to provide the nation
with the option of usig sola enery as a
nev soure for meetirg future require
ments The Enery Reorganizatin Act of
1974 (Publc Law 93-43§ authorizel the
nev Enery Researh amd Developmenh
Administration (ERDA) to assune primaty
responsibilities for the Sola Therma pro-
gram for NS on Januay 19 1975 Inre-
spong to the mandats of this act maja
efforts were mace within the Division of
Sola Enery of ERDA to develp ard in-
trodue economicaly competitive ard en
vironmentaly acceptald# sola enery
systems

Following the signing of the Departmenh
of Enery Organizatim Act (Publc Law
95-97) on Augusg 4, 1977 thes responsi
blities were transferre to the nev U.S
Departmenh of Enery (DOE on
Octobe 1, 1977

The Office of Assistam Secretay for
Enery Technolog (SOLAR/ET) adminis
tered the Division of Centrd Sola Tech
nology ard the Division of Distributed
Sola Technology while the Office of As-
sistart Secretay for Conservatio ard

Sola Applicatiors (SOLAR/CS adminis
tered the Office of Sola Applications
Both ET ard CS containel elemens$ of the
currert Sola Therma Enery Program

On Octobe 1, 1979 organizationk re-
alignmens abolishel SOLAR/ET ard re-
nama& SOLAR/CS the Office of Assistan
Secretay for Conservatia amd Sola
Energy All sola technology prograns
were transferré to this Assistam Secre
tariat

Progran plannirg continuel unde the
guidelines establishd by Publc Law 93-
473 ard by three othe legislatie act
passd by the 93d Congress the Sola
Heating ard Cooling Demonstratia Act of
1974 (Public Law 93-409) the Enery Re
organizatim Act of 194 (Public
Law 93-438) ard the Feder& Nonnuclea
Energy Researkb ard Developmenh Act of
1974 (Public Law 93-577) Together thee
four laws grart DOE ard othe federd
agencis the authoriy to pursie a re-
searhh progran aimeal a effective sola
enery use

This repot is the third Annud Technicé
Progres Repot for the Sola Therma
Enery Systens Program It is structurel
accordirg to progran organizatim ard
emphasize technicd progres rathe than
activities ard individud contracto ef
forts. Ead projed description indicates
its place in the Enery Program ard in-
cludes a brief history, significart
achievemers during FY 198Q future proj-
ed activities ard a forecas of the signit
icant achievemerst tha are anticipated

THE PROGRAM

The Sola Thermd Enery Systens Pro
gran is dedicatd to establishig feast
bility of cost-effectie sola therma
systens produciry hed in the low-
through high-temperatwr range Diverse



potentid applicatiors exig for sud sys
tems including provision of proces hed
for industry electricd generation ard
endotherme chemicé reactiors for the
production of fuels ard chemicals

Systens unde developmen differ signifi-
canty in their temperatue capability,
modularity, and adaptabiliy to siting con
siderations Conceps$ include heliostat
basel centrd receive systems tracking
parabolc trough ard parabolc dish collec
tor systems stationay hemisphericlbow
collectors ard sola ponds Systen con
ceps are shown in Table 1.

Promisirg applicatiors for sola therma
systens include

» Large electricda applications including
repowerirg of gas ard oil-fired peakirg
electricity generatig plans amd stor
age-coupld powe plans of intermeds
ate capaciy factor,

* Industrid proces hed (IPH) systems

* Remot electrc powe systens for irri-
gation military sites ard othea applica
tions

* Smal communiy powe systems usu
ally unde 10 MW, in size

* Totd enery systens tha provide elec
tricity, proces heat ard spae heatirg
and cooling to industrial commercial
ard residenti& users

* Ultimately, storage-coupl® proces
heda for high capaciy facta utility ap
plications ard production of fuels ard
chemicals

The primaly near-tem markd applica
tions are utility repowerig utilizing cen
tral receives ard parabolc trougls
supplyig  low- to mid-temperatuz
industrid proces heat Longer-tem
marke area& involve new initiatives in
cogeneratin tha combines electrica
generatio with industrid proces heat
and in parabolc dish electricd generatio
for smal communities ard isolatel loads
including military applicatiors ard remoe
area sud as islands

Todays focus is on systen performance
An acceleratd materiat researb ard
testig progran is contributig to im-
proved systen performance reliability,
ard life expectancy Engineering feasibit
ity problens are being addressed

Federd expenditure for the Sola Ther
md Enery Progran rose from $132 mil-
lion in 195 to $1432 million in 198Q The
distribution of fiscd yea 198 appropria
tions within the Progran is shown in
Table 2.

Technology

Sola therma enery systens discussd in
this repot utilize concentratig sola
enery collection technologis for gen
eratim of hed armd possibé subsequen
conversim of the hea to electriciy or
mechanich energy The® systems
modula ove a wide range of sizes are
directly adaptald to existig equipmem
ard processg requiring stean or hot air,
including factories ard utility powe
plants

Table 1. Sola Systan Classification and Collectar Desigh Concepts

Systen Classification

Point-focusiig centrd receives
Linear-focusimg distributel receives
Point-focusig distributed receives
Sola salt-gradieh ponds

Design Conceps

Heliosta field with centrd receive
Parabolc trough or hemispherichbow
Parabol¢ dish

Still water




Table 2. FY 198 Sola Thermal Energy Systens Budge
(in millions of $)

Researh ard technology
Applicatiors
Capitd equipmen

Totd

$ 739
662
30

$1431

The technologis use collectos or reflec
tors to tradk the sun ard fall unde three
broad categories point-focus line-focus
ard central-receive systems Sola
ponds which are capabé of producimg
usabé hed enery up to 100C (212°H
but which do not tradk the sun are al
included as a sola therma technology

Point-focts systems with temperatue
capabilities up to 2000T (3632°F) con
centrae the sola flux incidert on a para
bolic mirror onto a receive which
convers the concentratd flux to hed
energy Point-focts systens can be usel
singly (typically 20-5 kW, pa modulg or
in arrays dependig on the applicatin
desired

In a line-focus parabolc trough system
the collecta consiss of ore or more
mirrored trougls which concentrag the
sola flux on a line receive a the focus
of the parabola A working fluid flows
through the receiver This heate fluid,
reachirg up to 300 C (572 F), is usal for
the specifc application of the system
The othea line-focus approach stationay
hemispherica bowls concentrate the
sola flux on a receive a the sola flux
on a receive a the focus of the bowl.
The receive adjuss to reman in the
focus A singke bow can produe
temperaturs up to 538C (1000 F).

A centrd receive systen consiss of a
tower surroundd by a field of tracking
mirrors called heliostats which dired ard
concentrag the suns rays to a receive
mountel on the tower. The hed enery is

transferrel from the concentratd sola
flux to a circulating heat-transpadr fluid
ard then usal to powe a turbine or an in-
dustrid processor alternativey it can be
transferrel to a storag systen for use
during nonsola hours This type of systen
is capabé of producirg large quantities of
power, with initial systens in the range of

10-3M MW, Temperatue capabilities
range from 315 t0 815 C (600 to
1500°F)

Recen technich advance haw mack
sola salt-gradieh pond a potentialy at-
tractive hed enery source In a sola
pond the concentratia of dissolvel sal
in the wate increass with depth raisirg
the densiy of the wate as the bottan of
the pord is approached Convection of
heatel watea from the bottan of the pord
is preventd by the densiy gradient ard
the temperatue ther can approab the
boiling point The heate& wate is pumpel
from the pord to the point of use ard re-
turned to the pond

ORGANIZATIO N

Overal managemenof the progran is the
responsibiliy of the Division of Sola
Thermda Enery Systens Division, DOE
Headquarters Responsibiliy for day-to
day technicd managemenhas bea dele
gated to lead technicd centes ard DOE
field offices

The two maja subprograme are (1) Re
searth ard Technology ard (2) Systens
Developmen ard Assessment A progran



structue chat showirg breakdowm of
thes activities is detailal in Fig. 1.

Providing a strorg sola thermd technot
ogy ba® is the responsibiliy of the Re
searth armd Technolog Activity. To
achiew this, the Researh ard Advancel
Developmeh (RAD) segmeh is seekimg to
accelera@ ard enhane the developmeh
of sola thermd enery systens by sup
porting applied researb ard determinirg
nev applicatiors for sola therma tech
nology. RAD is al®o developiry improved
durable ard reliable materiaé to redue
life-cycle costs of future sola therma
systems The Technolog Developmenh
segmen is concernd with providing the
technoloy upan which a vigoross U.S
sola industy can be based ard with en
suring the developmeh of sola therma
product capabé of meetirg the need of

The Systens Developmenh ard Assessmen
Activity has a god of facilitating the in-
dustrid use of sola therma systems The
Systens amd Applicatiors elemen is
chargel with constructing operating ard
testig sola thermd experimenth ard
pilot plans which sere as prototypes for
industrid processeselectrc powea gener
ation, ard processig agricultura producs
and fuels The stratey is to develg the
confidene of the use communiy by
demonstratig the technicd feasibility
ard econom¢ potentid of the systems
Facilitating early industrid acceptane
ard identifying nontechnich factors which
affed penetratio of sola therma
market are the responsibilitis of the
Plannirg ard Assessmensegment

GOALS

domestc industy for commercid  The overal goak of the Sola Therma
applications Enery Progran are to demonstrat tech
SOLAR THERMAL
EMERGY SYSTEMS
DIVISION
Systems Development
Research and and Assessment
Technology Branch Branch
H:;’f:;zr;d& Technology Systems & Planning and
Development Applications Assessment
Development
Materials Central Receiver Barstow 10 MW, Technology
Advanced Component Systems (Hehostats Pilot Plant Transfer
Development Receivers) Shenandoah Total Innovative
Applied Research Pish gystems Energy Protect Financing Study

(Sunfuels. Test
Facility Users
Assn )

Linear Systems
Storage Systems
Solar Ponds

Incentives
Analysis
Market
Penetration
Multiyear
Program Plan

Small Community
Expmt
Repowenng/Retrofit
International Energy
Agency Coop
Projects
Agriculture and
Industrial Process
Heat Field Expmts.
Environmental &
Resource
Assessment

Figure 1. Sola Thermal Energy Systens Program Structure



nicad performane ard redu@ uncertain
ties concerniig the reliability of sola
thermd enery systems ard to develg a
life-cycle cog structue tha is compet
itive with othe enery source ard tech
nologies Overal cog goak for 199 hawe
been establishd for electricity generatio
ard hed production The® goak are
shown in Tablke 3.

The subprogren objectives tha will con
tribute to achievirg these goak are

» Demonstratia of the technicd feasibit
ity ard economc potentid of sola
thermd enery systens in a range of
applications

* Encouragemdn of use confidene in
sola thermd as a viable enery soure
through

- industrid participation in design
construction ard operatiom of field
tests

- DOEl/industy cost-shard applica
tions.

Table 3. FY 1989 Cos Goals for Sola Thermal

Energy

Application 1990 Goal
(1980 $)

Electricity

Hea

140-1® mills/kWh*
$7-$10/MBtu*

*Levelized busba coss (annualizd life-cycle costs)
**Levelized enery cost after taxes




SECTION 10

POINT-FOCDS TECHNOLOG Y

11 TECHNOLOGY DEVELOPMENT

1.11 Parabolic Dish Technology

This technolog encompassea variety of
systens that use a paraboli¢ dish-shape
concentrato as a bass for convertirg the
hea of the swn into therma or electrc
power The progran emphasize point
focusirg  distributed-receive systems
They consi$s of a field of sun-trackimg
modules eah composd of a concentra
tor, areceiver ard eitheg a powea conver
sion unit for electricd generatio or a
thermd transpot netwok for industrid
hed processe (see Fig. 1-1) NASA's Je
Propulsion Laboratoy is responsik@ for
developig parabolc dish technolog for
the U.S Departmenof Enery (DOE) ard
the NASA Lewis Researkh Cente provides
suppot in powa conversio development

The parabolc dish powe systens projed
consiss of two man elements The first,

Figure 1-1. Ted Bed Concentrators

Technoloy Development includes both
near-tem moduk developmeh work ard
advancd subsystem developmet work.
The secondelement Applicatiors Devel
opment includes three series of expert
ment on applicatiors of parabolc dish
technology with supportiig activities
Major accomplishmerst of eah elemen
are summarizd in this report

The god of the effort is to establi® the
technical operational ard econome read
iness of parabolc dish systens for electric
applicatiors up to 10 MW, (10 megawats
(electrical)y ard thermd applicatiors up
to 30 MW, [30 megawats (thermal)]
developigy the technology to the stag
where industy can apply it directly to
commercid uses An integrd pat of this
activity is to foste industy participatin
in the technolog development

Three prerequisite are requirel to dem
onstraé the technologich readines of
parabolc dish systems

(1) Componerd mug hawe high enoudn
performane levek so tha the overal
systam is economicaly viable

(20 Componerg ard moduless mug be
durabk ard long-lived in operatiomn so
that they are cost-effective

(3) It mugd be possibé to produe quan
tities of componerg ard modules at
low cost

Performane ard price target for the
concentrator receiver ard powea conver
sion subsysters comprisirg an electricity
generatilg moduk are shown in Table 1-1,
ard correspondig targes for modules de-
signal to genera¢ proces hed are shown
in Tablk 1-2 Performane target are

*A 10-megawdtpowe plart will sere abou 400 homes



Table 1-1  Preliminary Price and Performance Targets
for Electric Powe Generation (198 $)

Dominart
Subsyste Parametey
Concentratos Installed price
Surfae reflectane

Receives Installed price*
Efficiency

Powe Installed price*
conversio Efficiency

First Generatio Secon Generatio
(1983 (1987

$120-$170/rh $80-$120/m
7896-90% 9%

$45-$70/kW $25-$45/kW

82% 870
$230-$410/kW $120-$230/kW
25%-3%0 35%-4%%

* Basel on the following assumd ranges of production
First generation 5,000-25,00 units/yr,
Seconl generation 10,000-1,000,0D units/yr.

Table 1-2  Preliminary Price and Performance Targets
for Proces Hea Generation (198) $)

Dominart First Generatio Secomnl Generatio
Subsysten Parametes (1983 (1987

Concentratos Installed price* $120-$170/m $70-$120/m
Reflecta efficiengy 78%-9%%0 92%

Receives Installed price* $18/kW, $14/kW,
Efficiency 95% 96%

Therma transpot  Installed price* $32/kW, $30/kW,
Efficiency 9% 93%

Note
network

The® figures are for a moduk ard do nat include a grourd hea transportatio

* Basel on the following assumd ranges of production

First generation 5,000-25,000/yr

Seconl generation 10,000-100,000/yr

expectel to be me by the yeas shown
Performane of prototype hardwae will
hawe been demonstraté by relatively
brief tess a the JAL Parabol¢ Dish Teg
Site (PDTS locatal at Edward Ted Sta
tion nea Lancaste in the California
desert

In addition studies will hawe defined ways
to produe the hardwae a the prices
establishd as goak for the program
However industrid mass-productio will
not occu by thee targed dates The
systen will haw achievel "technoloy
performane readiness, but actua



hardwae lifetime ard quantiy production
prices will nat hawe been demonstrated

Sees 1.1.1.1-1.1.8 descrile the hardwae
that compose a dish moduk in the chron
ologicd orde of its development The
objectives approach status amd time
horizan for reachim projed goak are then
discussed

1.1.11 Concentratar Developmen

The concentrato developmen objectiwe is
to develp distributed-reeeiver point
focusirg concentrato technology tha has
the potentid for low cod when mass-pre
duced This is particularly importan be-
cau® the concentrato accouns for ove
haf the cog of a sola thermd module
This tak is beirg carried out primarily
throudh contracs with industry.

The concentrato developmeh goak are
to develop

(1) concentrats for ue as ted bed in
early ted programs

(2 first-generation low-cog concentra
tors to operae efficiently in the 54¢°
toml 815C (1000 to 1500 F) range
a

(3) second-generatinconcentrators

This sectiom describs significart accom
plishmens in ted bed low-cost ard ad
vancal concentrato development Sec
ond-generatio concentratas will use the
processe ard technique beirg developéd
by the advancd concentrato effort.
During FY 198Q this effort emphasize
the developmen of cost-effective light-
weight reflective gores ard supportig
structures

Two ted bed concentrates (TBCs) built
by E-Systems Inc., were installed ard
teste during FY 198 a the Parabolc
Dish Ted Site (Fig. 1-1) The TBCs are
pat of an eary ted progran to obtan
concentrato performane dat ard to ted

severd types of receiver/powe conver
sion subsystems Develope from an
existing antenma design the TBCs were
designéd to: (1) accommoda JPL-devel
opad mirror facets (2) provide sola
tracking ard (3) suppot a receiver/powe
conversim packa@ of up to 500 kg (110
Ib) a the focd plane Ead TBC ha a
nomind 11.5-mete (m) diameter 6.6
focd length amd 82-kW, [kilowatts
(thermal] outpu with clean mirrors at
1000 W/m insolation

Tess conducte a the Parabolc Dish
Ted Site provided dat@a on the perfor
mane of the ted bal concentratas unde
various conditiors of insolation a wind
speed up to 10 miles pa hour Special
ized instruments sud as a flux mappe
and a cavity calorimeter were designe
ard fabricatel to measue TBC perfor
mance The® instrumens are describe
in the receive ard hed transpot sectim
of this report

A contra¢ for the detailel design fabri-
cation ard installation of three prototype
low-cog concentrats (LCCg was
awardel to Generd Electric Compary
during FY 198Q The completel desig of
this concentrato is shown in Fig. 1-2

POWER MODULE

MECEIVER, ENGINE,
FRONT STRUCTURE ALTERNATOR)

BRACING — \

SUPPORT PILINGS

FOCUSED POSITION

Generd Electric Low-Cog
Concentrator

Figure 1-2



The first-generatio low-cog concentra
tor has a diamete of 12 m ard uses
metallized plastic film bonde& to a glass
reinforcad plastc (GRP sandwit sub
stane® as the reflecta surface It is pro-
jectad tha the concentrato will provide
80 kW, a 10® W/n? insolation to a re-
ceiver with a 33.7-centimete (cm) diam
ete apertue operatig at a temperatue
of 815 C (1500°F) It is planna that this
concentrato will be usel in the Smal
Communiy Sola Therma Powe Expert
mert ard the Military Module Powe
Experiment the first two Parabolt Dish
Powe Systens Engineeriy Experimens
(thes are describd later in this report)

Acurex Corporatim was awardel a con
tract to design fabricate ard instal an
alternatiwe first-generatio LCC a the
PDTS The Acurex design shown in
Fig. 1-3 uses a compresse paraboloida
reflector. The reflecta surfae consiss
of a mosat of second-surfae glas
mirrors bonde& to glass-reinforcé plastic
substrates This design has a projectel
performane of 80 kW; a 100 W/nt in-
solation using a receive with a 31.1-en

Acurex Alternativ e Low-
Cog Concentratar Design

Figure 1-3

diamete apertue operatig at a tempera
ture of 815C (1500°F)

A key accomplishmen in advancd con

centratos was the developmenat JA. of

cost-effective  lightweight  reflective
gores usirg a sandwid construction (see

Fig. 1-4) The processe ard techniqus

developé by this effort hawe the potentid

for use in second-generatip concentra
tors. To ensue the future commercia
availability of the gores Acurex Corpora

tion was provided with the technology ard

the materiab unde a contrad¢ to devel@

a 1.5-mm (millimeter) (60-mil) thick back

silvered mirror. The mirror is cold-sagge

ard bondel to the paraboloida surfae of

the structura cellula glas gore The®

lightweight, structuraly efficient gores
are expectd to yield excellen opticd

quality a low coss when mass-produced
The inheren rigidity of the gores permits
significart reductiors in the weigh of the

reflectar suppot structue and hence
reductiors in cost

Acurex evaluatd concentrato design fea
tures ard a selecté concep tha mini-

FOCAL

POINT \”'
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- GORE |
f / PARABOLOIDA L
—; REFLECTIVE SURFACE
o
- 2 ap REFLECTIVE

/GOE

MIRROR _

"\ CELLULAR GLASS
SUBSTRATE

GLASS

Figure 1-4. Reflective Gore Desigh



mizes the totd installed cog of the con
centrator This design concep (Fig. 1-5
features an 11m diameter single-pede
std concentratar The coss of shipping
site preparation foundation installation
-m-site assembly ard checkod were the
maja elemens influencirg concentrato
costs Consequently the low installatian
cost associaté with this design male it
an attractive concept

1.1.12 Receive and Heat-Transport
Network Developmen

Cost-effectie receives ard heat-trans
port subsystermm are requirel for parabolc
dish systems The® subsysters mug hawe
long-tem reliability at the temperature
pressure ard flow-rate conditiors at
which the systen is expecté to operate
The desigs mud be completey compat
ible with the othe moduk components
concentratorsengines controls ard stor
age

The receives currenty unde develop
mert emplg/ steam air, organc liquid, or
liquid metd as the working fluid. Thes
receives are designéd to operaé a powe
levels tha matd the capabilities of the
various concentratas beirg developé by

Figure 1-5. Acurex Advanced Low-Cost
Concentrator Desigh
Concep

the parabolc dish program In modules
designéd to produ@ electricity, the re-
ceives are matchel to specifc powe
converters suc as Rankine Brayton or
Stirling cycle units

A first-generatio receive usirg toluere
as the primary working fluid was designe
by Ford Aerospae ard Communication
Corporation (FACC). It is expectd to be
couplel with an organc Rankire engire
for ue in the Smal Communiy Sola
Thermd Powe Experimemn (SCSE) The
receive desiqm was approvel a the
preliminay design review of the SCE
systen in Jure 198Q The approve desig
(Fig. 1-6 consiss of a single stainless
sted tube that conducs the toluere ard is
embeddd in a coppe plate to provide
temperatue leveling ard buffer storag
for improvel engire operation

Nea the beginnirg of the fiscd year crit-
ical design reviews of first-generatio air-
Bray ton amd steam-Rankie receive
desigrs were conducted The air-Braytm
review was complete in late Septembe
and the steam-Rankie review in early
Octobe 1979 Both reviews were pre
sentel by Garret Corporation AiRe-
searth  Manufacturiy Compary  of
California No maja problens were
discoverd a the® reviews ard the con
tractar was authorizel to build two pro-
totypes of ead design

The first steam-Rankia receive was de-
livered in late May 1980 Figure 17
shows the receive from the apertue erd
as it was beirg instrumentd for testirg at
the PDTS This receive was installed on
TBC-1 in Septembe 198) ard tess were
conducte throudh the erd of the year
The first Brayton receive was fabricatel
in early July 198Q ard will be deliveral to
the PDTS for testing in eary FY 1981
The remainirg two prototype receives
will be deliverel abou a mont later.
Testig of the steam-Rankia receive
began in late Septembe 198Q ard early
data reduction confirms the predictel per
formance The characteristis of the
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stean ard air receives are presentd in
Table 1-3 Both were designd ard fabri-
cated by Garret AiResearch

A second-generatiodish-Stirling sola re-
ceiva is beirg developed by Fairchild
Strates Division of Fairchild Industries
Inc., for dired coupling to the Stirling en
gine (Fig. 1-8) The conicd receive body
uses coppe for high therma conductiviy
to the Stirling hea exchange tubes A
fossil-fud combusto is locatal behird the
coppe body to augmenh sola hed input
A detailedd design review was held in
Octobe 1979 ard hardwae tha will re-
quire long lead time was approvel for fab-
rication. The remainde of the receive
was approvel for production after a sup
plementay desigqn review in Decembe

1979 The receive was deliveral in Sep
tembe 198Q ard was scheduld for ship
mert to United Stirling Sweda for inte-
gration assemby ard ted with the Stirling
powea conversiom unit befor delively to
the PDTS in mid-FY 1981 A contrad¢ was
awardel to Advano in late FY 198 for
subsysten integration ard teg suppot of
the engine alternator receiver ard
contrd systen at the site

The preliminay design of a ceramc re-
ceive body to replae the metd receive
body was completed The ceramc body is
to be fabricate from silicon carbice with
ceramc housig ard head for the Stirling
engine It will increag receive life by
eliminating creg problens associatd
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Table 1-3  First Generation Steam-Rankire and Air-Brayto n
Sola Receive Characteristics

Steam-Rankia Sola Receive

Temperatue range 149 to 704C (300 to 1300°H

Efficiency 85%-9% (dependig on environmenth
conditiong

Pressue range 0.3 mPa (50 psig to 138 mPa (20 psig

Significane Very versatile Wide operatirg range Wil

be usefd in mary applicatiors of parabolc
dishes in the generatio of electricity and/o
industrid proces steam High efficiency.

Air-Brayton Sola Receive

Temperatue range 260C (500°H to 816C (1500°H

Efficiency Abou 85%

Pressue range Ambient to 0.3 mPa (50 psig

Significane Heat air or ary othe nonreactie gas up to
?olc?loc (1500 F). Versatie developmenh

with metallic receive materials It will
also eliminae or redu® the neal to use
high-cos strategtc materiat in the
receiver

ASSEMBLED RECEIVER AND STIRLING ENGINE

The preliminay desig of a hea pipe sola
receive with buffer* thermd enery stor
ae has bean completel by Generh Elec
tric Compary (Fig. 1-9). It will be usal in
an integrated focus-mounted hybrid,
solar-Stirlig powe conversio subsystm
employig sodiun hed pipe therma
transpot ard latert therma storage This
sola receive consiss of primaly sodium
hed pipes tha captue the sola flux ard
transpot the hea to a large seconday
hed pipe containing (1) latert therma
storag capsuls of sodiun fluoride-mag
nesium fluoride euteetc salt (2) sodium

Figure 1-8 Dish-Stirling Sola Receive  Vapor heat-exchangetubes ard (3) wick-

* Buffer storage implies short-tem enery storag of approximatet one hou or less ard is
usal to avod effects of rapd temperatue changs resultig from clouds passig ove
collectors

14
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ing necessar to deliver the liquid sodium
to the varios hed sources A naturd gas
combusto with a sda of tertialy hed
pipes for transportig hed to the large
seconday hed pipe permits hybrid opera
tion with fossl fuel.

After testirg the design-configuratio pri-
maty heda pipes the secondar hed pipe
wicking was completel successfully A
modula teg experimehn was conducted
confirming the performane amd defining
the operatilg characteristis of the ther
mal transpot ard storage systems The
modula tes demonstrate adequad
thermd transpot from the primaly hed
pipes to the secondar hed pipe a near
isotherm& operation

A preliminay desiqn revievw of the hea
pipe sola receive was hed in May 198
ard a detailel desigh review in Septembe
1980 Fabrication was approvel to allow a
Jure 198l delively to the Parabolc Dish
Ted Site The receive is designd to
operae a 830 C (1520 F) ard to provide

approximatey 08 hous of therma stor
age with 65-kW,; input to the P-40 Stirling
engine  The generato outpu will be
24 kKW,. The receive efficiengy will be in
the 85%-9@6 range

In Jure 198 a statemen of work was pre-
parad for a parabolc dish heat-transpadr
netwok developmen solicitation (RFP)
The statemenh of work emphasize uncon
ventiond technolog for proces hed pro-
duction The releag date of the
procuremeh was delayel to late FY 1981

Activities during FY 198 al included
developmenh of an analyticd receive
modd progran ard continuel developmen
of specializé instrumentatia sud as the
flux mapper The flux mapper shown
mountel on an OmniumG concentrato in
Fig. 1-10 has been usal to characterie
the TBC mirror systen by mappirg variows
zones e.g, cente mirrors periphera
mirrors, amd the entire array unde
different environmenth conditions  An
exampe of the flux mappirg is given in
Fig. 1-11, which shows the enery distri-
bution a the focd plare of the TBC with

Figure 1-10 Flux Mapper
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36 of the cente mirrors uncovered From
thee variols mappings systen perfor
man@ can be determind amd analytica
method can be field-verified.

With regad to therma transpot piping
networlks for industrid proces hea (IPH)
applications studies [1] hawe shown that
automatd factory armd semi-automate
field assembl technique can redu@ coss
by as mud as 50% compareé with conven
tiond labor-intensie methods

1.1.13 Powe Conversi;m Developmett

Powe conversio subsysters tha will be
coupled with sola receives are beirg de-
velopae by both JAL amd NASA Lewis
Researh Center This sectio will discus
progres in the developmen of organic
Rankine air-Brayton ard Stirling powe
conversim units

An organic-Rankie cycle (ORQ powe
conversio unit was selecte for use in the
Smal Communiy Sola Therma Powe
Experimen (SCSE by the SCE systen
contractor Ford Aerospae ard Commun
ications Corporatim (FACC). Base on
information suppliel by a pané of repre
sentative from FACC, SERI NASA
Lewis, ard JPL the ORC engire was
selectel becaus of its potentid for high

efficiencies a  modera¢ operatimg
temperatures Barber-Nicho$ Engineeriny
Compaly of Arvada Coloradg was
awardel a contra¢ in eary FY 198 to
desiq@ ard fabricae an ORC powe
conversim unit.  Figure 1-12 shows a
cutawgy of the FACC powe conversio
unit consistiy of a FACC toluere
receive ard the Barber-Nichaot ORC en
gine assembly A shaft-mountd perma
nert magne alternato is coupla directly
to the engine The entire assemby} will be
hermeticaly seale to increag efficiency.
The permanet magnett alternator beirg
designe ard fabricatel for Barber
Nichols by Simmors Precision of Norwich,
New York, convers the mechanichoutpu
to high-frequency three-phas alternatimg
currert (ag tha is convertel to 600 volts
direa currert (Vdc) by a ground-mounte
inverter. A preliminay desig review was
conducte in May 198 ard fabricatin
began in August FACC expecs the ORC
engire to be delivera in mid-Fy 198L for
assembt with ther receive amd in-plant
testing

An open-cyck air-Braytan engire was
selectel for use in the Military Module
Powe Experimen (MMPE). The Garret
AiReseartt Manufacturigp Compary of
Arizona was awardel a contrad¢ in mid-
FY 198 to design the Braytn engine
The engire design modele after an exist
ing Garret engine will operaé at a maxk
mum temperatue of 815C (1500°F usirg
eithe sola or fossil-fud therma input or
both in a hybrid mode An off-the-shel
Bendx Corporatim generato with a
gearbx will be couplae to the engire to
provide high-efficiency three-phas ac
power  Preliminay ard detailel desig
reviews were hed in May amd Augug
198Q A one-yea delay in the stat of the
MMPE led to the decisim to upgrae the
engire before fabrication The upgradd
engire will be basel on Garretts advancd
automotive turbine but will incorporaé
the featurs of a hybrid combustio
chambe ard nozzle shaft-coupld perma
nert magné alternator foil bearings ard
othe features tha will provide longe
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life, greate reliability, ard a lower mass
production price Garret was directal to
proced with this chang in Augug 1980

Stirling engire technolog is being con
sideral for second-generatin parabolc
dish modules Although Stirling engire
developmenhis not necessarythe autome
tive Stirling engire mug be adapté to
sola applications The United Stirling
P-40 engire was selectd for solarizati
in FY 198Q ard United Stirling performel
the following modificatiors ard studies

() The oil tank flow passages ard
pumps were relocatel for inverted
operation

Sed ard pistcn ring configuratiors
and materiat were selecte for dura
bility .

The elimination of engire controk
and the provisin for hermetc sealirg

@

3

17

to increag simplicity, lower cost ard
decreas maintenane were studied

The evaluatimmn of engire design was
considerd in connectiom with the
company'sautomotive engire progran
toldetermire cost-reductia poten
tials.

4

An option for hybrid operatiam is included
in the receive portion of the Stirling
powe moduk design

Alternative advancd engine tha may be
developd for production by approximate}
199 are also beirg studied The automao
tive progran is developig a 60-kW, low-
cod engine ard the applicatiom of
simplified, highe efficienoy drive systens
to Stirling engine is beirg exploral by
severh companies (Exampls of more
efficient systens are the V-4 ard in-line-4



configurations). The applicability of thes
systens to parabolc dish modules requires
carefd evaluation  Advancel engines
utilizing sodium-vapo heat-transfe tech
niques are expecte to demonstrat engire
efficiencies of 45% with 820 C (1500°H
thermad input

Additionally, studies [2] hawe indicatel
that "solarizatiorf of smal gas turbines
employirg ceramc components which are
being developd for automotiv applica
tions is an attractie option for
parabolic-dis powe converters

1.1.14 Manufacturing Developmen

High-performance point-focusig modules
that can be manufacturd in high pro-
duction volumes a a low unit cod are
essentib for competitive succes of para
bolic dish systems Consequentlya manu
facturing developmen effort is being con
ducted to determine

* independen cod ard selling price
estimats for dish componerd ard
systems

» tooling, capitd equipment ard facility
cost requiral to produ@ dish modules

* possibé ue of automatim techniqus
to produe dish modules a a lower
cost ard

« whethe change in produ¢ design
material or manufacturig method
could resut in alower cog product

This information will be obtainel from

three sources

(1) the contracto responsil@ for sub
systen development

(2 an independen contracte havirg
mass-productio expertise ard

(3 governmen laboratoy manufacturig
engineeriig personnel

During FY 198Q the repot Cod ard Price
Estimake of Brayton ard Stirling Engines
In Selectd Productim  Volumes (JA-

Publication 80-42 was published Findings
are summarizd in Fig. 1-13 This stud/
estimatel cog ard price for 20-kW; (pe&k
outpud Braytan ard 30-kW, (pe& outpu)
Stirling engines when produce in variows
guantities

Pionee Engineerig ard Manufacturim
Compaly was awardel a contra¢ to
estimae the coss of the Garret
AiReseart receive designd for use with
an air-Brayt:n engine In addition a
contra¢ to analyz cost of the first-
generatio Gener&d Electric Low-Cod
Collecta was awardel to Pioneer

$12915
STIRLING ENGINE
(30 kW PEAK)
$4145
$2165
g | & g8
Slae| 8|8
BRAYTON ENGINE
yuzs (20 kW PEAK)
$2440
32069 $1845
:| 8| 8|8
~ |l 2| 8| 8

Figure 1-13  Engine Price as a Function
of Annual Production



Competitive solicitatiors were prepare
seekiry industrid assistane to analyz
cosst for both the first-generatio Braytan
engire ard the P-40 Stirling engire (modk
fied for sola collecta application in se
lected annu# production volumes

Modd factories were developd for dish
moduke subsysterm including engines
receivers ard concentrators The®
modek will be usal to develp more
accuraé estimats of costs ard selling
prices for dish modules

1.1.15 Systens Engineering

During FY 198 systens engineerig
activities were conductd in system
subsysten integration evaluatimm  of
grourd rules for design of first-generatio
organic-Rankie ard Braytcn modules
assessmdn of organic-Rankie engire
development armd review of the
preliminaly NASA Lewis Researb Cente
Brayton receiver/powe conversion unit
(PCU ted plan The Braytan PQUJ design
phag contra¢ was reviewal ard the
resuls of continuirg field tess of the
OmniumG moduk were analyzed
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Module performane estimats were made
for a Braytan engire coupla with the TBC
ard the LCC. Module electrc powe
outpus for these configuratiors are shown
in Fig. 1-4 for varying turbire inlet
temperatue ard for two values of
insolation

Resuls of a typicd enery cod study for
first-generatim  Brayton systens are
shown in Fig. 1-15 enery cod values
hawe been normalizel relative to the value
at 816C (1500°F ard a production rate
of 100,0@ units pe year Increasig sys
tem efficieney resuls from increasin
temperature which tends to decreas
enery cost but this is offset by increas
ing capitd cosk associaté with increas
ing subsystm replacemen rates The®
costirg studies were conducte jointly
with systen performane analyss to
determire which desigs ard operatimg
regimes were mog cost-effective

A relatad cod stud/ was conductd to
determire whethe escalatig fossl fud
coss malke therma storag a more
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Figure 1-15 Relative Busba Energy
Cod for First-Generation
Brayton Systens for a
5MW, Plant



attractive alternative To accompli
this, a parametre stud/ was performel to
determire the bed mix for fuel-burnirg
ard thermd storag in a sola hybrid
plant The man parametes varied were
storag size (capacity) cost efficiency,
ard fud cost Figure 1-16 shows the re-
gion where therma storag may be justi-
fied for a 5MW, plant A curwe for a
convention& dieseé plant is included The
horizontd dashed line indicates a sola
plant with "ideal' storage i.e., 100%
efficient at zemo cost

A costirg stud/ tha ranked 1- to 10-MW,
sola powa systems including dishes
troughs compounl parabolc collectors
bowls, ad centrd receivers was com
pleted the resuls are shown in
Fig. 1-17. The stud/ was a companio to
studies conductd by SER ard Battelle
Pacific Northwes Laboratory The
resuls were similar, althoudh ranking
positiors differed for sone systems The
JAL stud/ concludel tha point-focusim
systens in general ard dish systens in
particular haw the lowed Ilevelized
busba enery costs Studies conductd in
suppot of the ranking stud/ addresse
balance-of-plah costs plant equipmenh
price, ard performance
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Figure 1-16 Sampk Energy Costs for a
5MW,. Sola Hybrid Plant
with Thermal Storage
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Figure 1-17. Codg of Powe Provided by
Various Sola Powe

Systens

Additiond cog ard performane studies
were conducted Energy cod targes were
re-evaluatd basel on lateg capitd cod
ard performane dat for both electrc
and therma powe output Refinemens
were mack to foundation ard balance-of
plant costs Second-generatio cos ard
performane targes were refined to
account for anticipatel improvemen in
subsysten performance Resuls will be
publishal in FY 1981

Ted resuls of thermd powe outpu by
the OmniumG moduk [3] are shown in
Fig. 1-18 An early desig receive havirg
a nomind 10.2-en (4-in) diamete was
utilized as a calorimeter Cold ad ha
receive tess were run at approximatey
9¥C (20CF) ard 20£C (400 F),
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Thermal Powa Ted Re-
sults for Omnium-G Module

Figure 1-18

respectively Ted dat presentd in
Fig. 1-18 were derived from the
concentrato operatig in the manud
override moce owing to inconsistencig in
the automatc tracking mode

A numbe of 24-hou tess were performel
on the OmniumG moduk to gathe oper
ation ard maintenane data Therma per
formane was assessk by usig the
OmniumG 20.3-en (8-in.) diamete aper
ture converte (receivej as a cold wate
calorimeter Mog of thee tess demon
stratal a long-tem thermd powe per
formane in the 9- to 10-kW, range This
value is somewhé less than anticipate
from previows investigations more tess
are plannel to bette understad the
thermd powe potentid of the system

1.1.16 Ted and Evaluation

FY 198 ted ard evaluatim activities
included installation ard ted of the ted
bed concentratos at the Parabolc Dish
Ted Site The TBC mirrors were aligned
and mechanichand electrica checkou of
the TBCs was completed A training clas
on TBC operation was conductd by Elec
trospae Systems Inc.,, for PDTS opera
tors. Flux-mappe testig of the TBCs
yielded information on flux patterrs ard
intensities a ard nea the focd point In

addition cavity calorimete testirg of the
TBCs provided dat@ concernig therma
powe outpu at the focd point

A stean receive was installed on ore of
the TBCs during late FY 198) ard testirg
of the steam-Rankie receive was initi-
ated Preparatioa were begun for testirg
a high-temperature air-Braytan receive
on ore of the TBCs It is a 1370TC
(2500 F) ceramc receive with a quart
aperture developed by Sandes Assoct
ates It will be field testel by JA. in
Fy 1981

Detailed design work was startel on the
equipmen requiral to tes the Braytmn
engine Preparatioa were mace for test
ing the Stirling engine receiver ard
alternato on ore of the TBCs When fully
operational this systen will be connectd
with the utility grid ard net electrica
powea will be transmittel to the grid.

Testig of the OmniumG parabole dish
unit a the systen levd usirg the 10.4-an
(4-in) apertue receive was completed
The long-tem automatd ted of the
OmniumG unit was alo conducted This
tes provided dat on the thermd powe
outpu of the receive usirg a 20-an (7.9
in.) apertue ova extende periocs in a
fully automatd operationd mode

A circumsola telescop was installed at
the PDTS This instrument on loan from
Lawrene Berkeley Laboratory is usal to
provide circumsola radiatim da@ to
JPL The® data aid in evaluatim of the
performane of the OmniumG unit ard
the TBCs

Insolation ard meteorologich data at the
ted site were measurd ard recorded
Software was developd for displayirg a
monthly summay of this data

Additiond activities included
* generatio of a list of operatios ard

maintenane parametes to be monk
tored



e distribution of a PDTS Uses Manua
for internd review, ard

e initiation of site modification desigrs
for the low-cog collectos to provide
for the addition of three concentratos
ard ancillaly equipment

1.12 Parabolic Dish Teg Site

During FY 198 the nane of the Point
Focusig soIRF Ted Site operate by JAL
for DOE, was changd to the Parabolc
Dish Teg Site (PDTS)

The PDTS was establishd a Edward Ted
Statin in the California Mojave Deset to
ted point-focusig concentrato systens
and related hardwae for DOE The site
was selectd to utilize an existing facility
and high pe&k ard totd insolatin levels

The PDTS is locatad approximatet 70 air
miles north of Los Angeles in the high
desert It has an averag rainfal of four
in. pa year The site occupies approx
imately 10 acres of the 600-ace Edward
Ted Station (Fig. 1-19) Ample adjoinirg
acrea@ has been sd asike for future
growth. The primary purpo® of the PDTS
is to provide a site for the testirg ard
evaluation of:

(1) concentrators
(2 high flux densiy receivers

-
—

Figure 1-19 Parabolic Dish Test-Si-te
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(3) powe conversio systems

(4) concentrator-receive powea conver
sion systems

therma transport ard

hybrid systens usirg point-focusim
sola concentratos ard fossl fuels

©)
(6)

Severd additiors were mack to the PDTS
facility during FY 198Q including

(1) an 18,921-lite (L) (5000-gal) wate
tark ard punp installed for closed
loop calorimete testirg of the TBCs
and

an engine/generato s¢ installed to
provide backyp powe for automati
cally slewing the TBCs off sun in the
evert of a facility powe outage

@

The objectives of the PDTS are threefold
First, the PDTS will suppot sola therma
developmen activities primarily throud
testig ard evaluatiom of hardwae devel
oped by industy unde DOE sponsorship
Second acceptane testing of prototype
sola therma powe systens will be
accomplishd a the PDTS befor full-
scak production Third, teg ard evalua
tion of point-focusim systens developd
independenyl by industy will be accom
plished a the PDTS as time ard funding
permit, ard feedbak will be provided to
industy on the resuls of the tests

A computer-bast data gatherig ard pro-
cessiiy (DGAP) systen was designd ard
implementel at the PDTS to obtan for-
matted dat@ for efficient analyss during
performane testig of subsysterm ard
systems DGAP equipmeh is requiral to
make parametrc measuremest periodk
cally, display the data in red time, ard to
monita ard recod data on mas storage

The computerizd dat acquisition systen
at the PDTS includes a Digital Equipmen
Corporatioé PDP 113 A minicompute
with two RKO05 disk drives nine-trak
magnetc tape transpot (on which all ted
data are stored) high-sped multiplexers



A/D converters three Acurex Autodat
Nine Data Loggers CRT terminals ard a
printer-plotter

Insolaticn ard meteorologich da@a being
measurd at Edward Ted Statian include

@

dired componeh of radiation usimg
two pyrheliometers

totd sky radiation using a pyranom
eter,

wind speel ard direction

)

3
(4)

temperatue ard dev point
(5) barometrc pressurgard
(6) circumsola telescop data

Three different cold-wate calorimetes
were designd ard fabricated coiled
tubing, flat-platg ard cavity calork
meters The® calorimetes measue the
integratel thermd flux a the focd point
of a concentrator

A flux mappe was designd ard fabri-
catad for use in characterizig concentra
tor flux patterrs ard intensities The flux
mappe is a three-axs scan systen for
measurig the high radiant flux levels ex
pectal nea the focd planes of high-con
centration-rat sola concentrators Both
the calorimetes ard the flux mappe were
testal ard calibratel in FY 198Q

Testig a the PDTS has been ard will
continte to be performe&l almog exclu
sively on industry-supplid components
subsystems ard collectad modules The
initial ted series a the PDTS was devotel
to an evaluatim of the OmniumG moduke
manufacturd in Anaheim California
Mary test were performel on this moduk
in FY 198Q testig will contine in FY
1981 Two ted bed concentrats de
signel ard built by E-Systems Inc., of
Dallas Texas were installed ard cali-
brated for use in testing receives ard
powea converters The controk for the
TBCs were designd ard built by Electro
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spae@ SystemsInc., of RichardsonTexas
Calibratin of the TBCs consistd of map
ping the concentratéd sola flux a the
focd plare amd measurig the totd col-
lected sola enery usig a cold wate
cavity calorimeter

Preparation are unde way to ted the
following commercialy built hardwae in
FY 1981

* a stean receive manufacturd by
Garret AiResearb of Hawthorne
Californig

* a modified Ferrigg stean engire built
by the OmniumG Co,

* 5-horsepowe (hp stean engire built
by Jay Carte Enterprises Inc., of
Burkburnett Texas

* a 25-hp stean engine al built by Jay
Carte Enterprisesinc,

* an air-Braytn receive designd ard
fabricatel by Garret AiResearb for
operation a 815 C (1500°F)

* a ceramc air-Braytan receive manu
factured by Sandes Associates Inc.,
of Nashua New Hampshire

e an organc Rankire cycle (ORQ
receive ard powe  converte
manufacturd by Ford Aerospae ard
Communicatios Corp of Newpot
Beach California usirg a turbine by
Barbe Nichols of Arvadg Coloradg an
alternate by Simmond Precision of
Norwich, New York, amd a static
inverter by Nova Electric Manufac
turing Co. of Nutley, New Jersey

* a Stirling engine designd by United
Stirling of Sweden which incorporats
a receive built by Fairchid Strats
Division, Manhattam Beach California
(the receive armd poweg converte
moduk will be integratel by Advan®
of El Segundp California) ard

» the low-cod concentrato (LCC)
developé by Genera Electric, Valley
Forge Pennsylvania



1.13 Storage Technoloy

There are severd types of enery storag
systens tha could be considerd for use
in conjunctin with sola therma plans
using point-focts systems Among these
storag types are thermal electrochem
ical, pumpa& hydrgq compresse gas fly-
wheels ard superconductigp magnett sys
tems This section will discus therma
ard electrochemiclastorag systems

1.1.31 Thermal Storage

The therma storage tak suppors the
joint DOE Therma& Enery Storag for
Sola Therma Application Progran in the
specifc area of dish-mounted latert buf
fer storag subsystems. The tak in-
cludes the developmeh of an appropria¢
background-technolgg data ba® to de
velop storag for parabolc dish sola
poweg systems

The gener& approab is to develg storag
conceps ard the necessar technoloy
base establit feasibility, then develg
the requirel materias ard subsystems In
addition a subsystm researb experimen
will be conductd before commercia
applications Researkh ard developmen
efforts by industries universities ard
researb institutiors are necessar to
accomplif these objectives

The therma storag effort consiss of the
following tasks

(1) Preliminay Design including the def
inition of systen requirementsdevel
opment of storag concepts ard
estimatirg performane ard cost

(2 Small-Scad Experiment comprisirg
screenig ard the selection of poten
tial materia for phag chang ard
containment analyzirg ther hea

transfe characteristics degradation
decomposition corrosion ard perfor
mance ard investigatig solidifica
tion control ard

(3) Subsystem-Resedrc Experiments
including designiy the subsystem
researb experiment establishig of
ted objectives amd procedures ard
evaluatirg of ted results

During FY 198Q the following four indus
trial contracs were awarded

() Three contracs were awardel for
studies of storag requiremerd defi-
nition ard subsystem researb expert
mert design for Rankine Brayton
ard Stirling powe conversion cycles
as follows:

 Rankire cycle Ford Aerospae
and Communications

 Brayt:m cycle Garret
search ard

» Stirling cycle Generé Electric

AiRe-

The objectives of thes studies are to
define the requiremerg for laternt
thermd buffer storag subsystem
ard for the subsystm researb exper
iments usirng dish-mountd receives
equippel with Rankine Brayton ard
Stirling powe converters

The storag requiremerg definition
includes

« thermodynand ard econome per
formane analyss to determire
the neal for thermd buffer stor

age

e optimunm size of buffer storage

» identification of candida¢ storag
concepts tha med program

specifiedl cogs amd weight goals
ard

* Buffer storage implies short-tem enery storag (approximatet an hou or less)



e

e recommendation for  specifc
componeh ard subsysten devet
opmern needs

A fourth contra¢ directel to the
study of advancd conceps$ for high
temperatue therma enery buffer
storagg was awardel to the Hanfod
Engineerig Developmenh Laboratoy
a Richland Washington in July
1980 The objectives of the contrac¢
are to identify concepts perfom
sone limited bench-sca tests ard
recommed buffer therma& storag
systens tha are integratel with par
abolic dish receives for applicatiors
a atemperatue of 1370C (2500 F).

Studies conductd a JA. during FY 198
included

@

@

Latert Heda Storag Media Chemisty
ard Corrosio Studies The objectives
are to:

» define the thermophysicl proper
ties of certan specifiel sat
eutectic tha are relevan to the
latent hed storag requiremers
at approximatet 440° 550° ard
830T (825° 1025° ard 1525F);

* analyz the resuls of 20 houss
of tess conductd a JA. of heat
ing ard cooling cycles of specifiel
eutectic-salt-contam entm atertk
a combinations with ard without
corrosion inhibitors ard impuri-
ties, to determire the thermo
dynamc stability ard corrosiom
characteristis of the selectd
salk eutectic

Latet Hea Storag@ Solidification
Control The objectives of the stud/
are to determire experimentally

+ effecs of phase-chargg materid
(PCM) containmeh wal geomety
ard configuration including con
caw ard convex externd ard in-
ternd surfaces

« additives tha enhane therma
conductivity,

25

©)

@

©

e types of surfae finishing ard
coatigp of heda exchange
surface on PQV solidification
ard

* identification of attractivwe solidi
fication contrd optiors tha will
promoe hed transfe in a distrib-
uted-receive integratel system

Latert Heda Buffer Storag Systen
Definition. This studs assemble
availabe thermophysica propery
data on fluorides ard carbonates
Thermd conductivity, viscosity ard
therma expansia dal are na read
ily available Literature searchs are
continuing In addition the candida¢
salt-containmen combinatios shown
in Tabke 14 were tentativey selectd
for more detaila@ investigation into
their applicabiliy as storag meda
for dish-mountd receivers

Materid Evaluation An in-hou®
molten sal laboratoy ted program
began tha will include test of three
candida¢ salts Tess will include
differentid therma& analysis differ-
entid scannig calorimetry #316 ard
#321 stainless-stdecontainmenh ard
cycling, alloy steé containmeh ard
cycling, #32L SS therma loop test
ard therma& conductiviy of molten
salts This progran will assi¢ ard
complemen the efforts of outsice
contractors

Latet Hea Buffer Storag Systen
Modeling A compute program High
Temperatue Enery Storag (HTES)
was developd ard assemblé to simu
late a parabolc dish receive with
latert heda buffer storag capabi
ity. The modé predics the perfor
mane@ of the dish-mountd receive
unde varying sola flux, ambien
temperatures latert hea buffer
storage capacity ard therma contrd
techniques The progran handle the
receiver-TES systeén on a noda basis
ard hene is capabé of yielding locd
receiveé ard receiveé coolarn tem
peratue variatiors for the transien



Table 1-4 Candidate Salt-Containmert Combinations

Applicatiors Sal Compositim Melting Containmen
Temperatue (By Weight/% Point Materid
427°-454C 61 KCI-39 MgCl, 436C 316 & 321 SS
(800°-850°H (816°H Cr-Mo alloy steé
(Ranking
538°-566T 259 Na,COs- 557C 316 & 321 SS
(1000°-1050°kF 388 NaCl-'353 NaF (1035°H Cr-Mo alloy steé
(Stean Ranking
802°-829C 669 NaF-331 MgF, 813T 316 & 321 SS
(1475°-1525°F (1495°H
(Brayton Stirling)
788°-829C 75 NaCl-5 Na 795C 321 SS
1450°-1525F (1463°H
(Brayton Stirling)
802°-829C 10 Nad 802C 9 Cr/1 Mo
(1475°-1525°F (1475°H alloy steé

(Brayton Stirling)

simulation  The benefis of buffer
storag in attenuatig variatiors in
insolaticn owing to cloud passag
were determind [4],

In addition two related storag contracs
were monitored The first is with Sandes
Associate ard the secon is with the Gen
erd Electric Co.

() Checke Stoveé Powe Module De-
sign, Fabrication ard Testing The
objectives of this effort were to ver-
ify the performane of the selecte
componerg ard to demonstrat tha
the checke stowe concep represerd
a viable candida¢ for dispersd
powe systens applications In
FY 198Q prototype testing was con
ducted by Sandes Associates Inc.
Preliminay resuls indicae the per
formane is bette than expected

(2 Hea Pipe Receive Module Design
Fabrication ard Testing The objec
tive of this contrad is to design fab-
ricate amd acceptance-tésa hed
pipe receive with TES to be usa
with a parabolc dish-Stirlig sola
powa systen in the 15 to 20-kW.
range (see Sec 1.1.1.2)

1.1.32 Electrochemicd Storage

An investigation ard evaluation of existing
ard advancd electrochemicdastorag ard
inversion/conversio systens for use with
sola therma powe systens is being con
ducted [5], Specifc objectives are to
asses the statis ard performane of
existing systems establiv current cost
ard to projed cost performance ard
availability of advancd systems The re-
sults may be usal to evaluaé the impad

* The checke stow is intendel to sawe otherwi® rejecta hed by switching two therma
storag units betwe@ ore positin where wase hed is capturel ard anothe whee it is

releasd to prehea the working fluids.
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of electrochemida storag systens upm
near ard far-tem sola therma plans
and to compae therma ard electrc stor
age as applied to parabolc dish systems

The investigatim adoptel a three-stp
approach First, areviev was mace of the
existing _ _ [
storag ard inversion/conversio systems
Second discussioa were held with the
manufactures ard developes of thes
s%/stem; to obtan an updae on the stats
of the® systems Third, the informatian
Icolledctenl was reduced tabulated ard ana
yzed.

Three categorie of informatian were ob-
tained The first deab with the electro
chemica or battey nPQmm of the stora@
system The secod includes al compe
nens of the storag systens excep the
battery The third categoy treat the
sola t erma_CBIart in its entirety with
electrochemicastorage

The lead-aall battey is the only electro
chemica systen preseny considerd
technicaly reag for use in near-tem
demonstratin  programs The specift
lead-actl battey suitabe for = sola
therma applicatiors is designd for repe

itive, deg discharge (of 5 to 8-hour
duratin a|I?/) a moderag to high powe
densities All of the characteristis are

presem in the "motive powel or "trac

tion" type lead-aadl battery Dependi
on its duty cycle this type of lead-a
battey will cog from $19D to $240kW,

(198 %), deliver 20® cycles & 8% deph
of disc age ard operaé with an enery
efficiengy of 70% to 85%

Severé battey manufactures are devet
oping advancd lead-adil batteries for
utility ard electrc vehicke applications
The® advancd lead-aal batteries are
expectd to perfom better hawe lower
maintenane requirements ard cog les
than existirg lead-aail batteries

literatue on electrochemida
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12 SYSTEMS AND APPLICATION S

The viability of parabolc dish technolog
will be proven throudh field tess in
typicd use environments Thee field
tests or applicatiols experiments are
designd to verify the technical
operationgl ard economt feasibility of
parabolc dish systems This sectin
describe accomplishmest in: (1) the
applicatiors developmen activities beirgy
conducte by JPL 32) the Shenandda
projed beirg conductd by Sanda
Nationd Laboratories Albuquerque ard
3) the Southen New Englaml Telephoe
ompary experiment

1.21 Applications Developmern
Experiments

The objective of the applicatiors devet
opmen work of the parabolc dish projed
is commerci& readines of parabolc dish
systems A seris of engineerig
experimerd are belr_? planneél  to
demonstra the feasibility of complee
parabolc systens in three applications
electric utilities, isolatel areas ard
industry Ead application is discussé in
the subsectios tha follow.

1.2.11 Electric Utilitie s Experiments

The god of the electrc utility ex
perimens is to provide buk electricity for
smal communitis ard for repowering
The first_experimen planné in this series
is the Smal Communiy Sola Therma
Powe Experimen (SCSE) JA. awarde a
contra¢ for the desigm of a 1MW
parabolc dish powe plat to Ford
Aerospae ard Communicatioa Corpora
tion in the first quarte of FY 1980 The
subsysters tha male up the parabolc
dish moduk are includel in the hardwae
elemens discussé in the Technoloy
Developmen discussia (Sec 1) ard are
identified below



The parabolc dish powea plart (Fig. 1-20
designé by FACC for the SCE is basel
on a moduk (Fig. 1-20) comprisirg a
Generd Electric Low-Cog Concentrato
ard a powe conversim assembl
(Fig. 1-12 tha consiss of an organic

Rankire cycle engire ard a cavity
SOLAR RECEIVER
| Sy gl
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Figure 1-20 Schematc Diagram of the
Smal Community Solar
Thermal Powe Plant

Figure 1-21  Smal Community Sola
Thermal Powe Experiment
Concentrator and Powe
Module

receiver A typicd installaticm of an
SCE in an industrid setting is shown in
Fig. 1-22 In April 1980 FACC selectd
Barber-Nicho$ Engineeriy Compary to
desiqh ard fabricake the engine The re-
ceiva is being developd in-hous by
FACC. Both JA. ard FACC conductd a
preliminay review of the SCE desig in
Jure 1980

A site solicitation for the SCE was issuel
by DOE/ALO in Octobe 1979 Response
were receival from 45 communities
throughot the United States by Januay
198Q After review ard evaluation of the
proposals DOE selectd six candida¢
sites in June The mg of the United
States in Fig. 1-23 identifies the 45 pro-
poseal sites ard the six finalists

1.2.12 Isolated Areas Experiments

The isolatel applicatiors effort is directed

towad small isolatel communities
isolated  sites  military bases ard
developig  countries The initial

experimen is designé to ted an electric
poweg plat in the 100-kW. clas ard is
designatd the Military Module Powe
Experimen (MMPE). The U.S Marine
Corps Air Statim (MCAS) a Yuma
Arizona, was selectéd by the U.S. Naw as
the site for the MMPE (Fig. 1-24) A
solicitation was issue early in FY 198
for systen design ard integration The
baselire configuration consiss of eithea
the Genera Electric Low-Cog Concentra
tor or the Acurex concentratora Garret
AiReseartb air receiver ard a hybrid
Brayton cycle engine describd in
Sec 1.1

In mid-FY 198 an evaluatim tean com
pleted both technicd ard cod evaluatios
of industy proposas for the MMPE. Two
system-integratio contractos will be
notified in eary FY 198l of the intert to
negotiaeé a contra¢ for desigh ard inte-
gration of the 100-kW. hybrid, parabolc
dish systen consistig of modules moduk
contrd systems tracking ard drive
commanl systems powa conditioning



Figure 1-22 Smal Community Sola Powe Experiment
(Artist' s Rendition)

FINALISTS IN SCSE SITE SELECTION
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* SITES PROPOSED BUT NOT SELECTED

e

Figure 1-23 Smal Community Sola Powe Experiment Site Selectio
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Figure 1-24 Sola kW, Electric Plant at the U.S Marine Corps Air Station, Yuma,
Arizona (Artist's Renditior)

and fud storag for the MMPE. The
procuremeh al® includes analyss of
centrd plart functiors arising from the
neel to interface severd modules amd
requiremerd for instrumentation control
ard plant safety The plart is scheduld
to becone operationaby CY 1984

Diverse sites ard applicatiors are beirg
explored for future experiments amorgy
thes are foreign markets islands mines
mills, U.S Governmenh sites ard isolated
communities In mid-FY 198Q two con
ce papes tha addres sonme of the
issues involved in conductig a foreign
sola powea experimen were submittel to
DOE [6].

1.2.13 Industrial Applications

Experimens

The industrid applicatiors experimens
addres the users primaly requiremerg
for thermda or mechanich energy
Thee engineerig experimernd  will
provide partid ard totd displacemen of
fossl fuels for industrid processes

30

Undea the planne industrid applicatiors
experimens industy desigrs ard selecs
the experiments including dish systems
sites ard integrator DOE funds hardwae
procuremeh but does na fund the
developmeh activities for thee ex-
periments Industy retairs proprietay
rights to processe ard inventions
Seventer proposat were receival in May
1989) in respons to a Requet for
Proposad for the Therma Systens Engt
neerirg Experiment Three experimens
are expectd to be funded throuc
contrad¢ awards early in FY 1981

1.22 Sola Total Energy Project,
Shenandoah Georgia

The objectives of the Shenandda sola
tota enery (STE projed are (1) to pro-
mote engineerig ard developmehexpert
ence within industy with complee sola
tota enery systems (2) to acquie dat
to redue the uncertaintis of cos ard
performane predictions (3) to asses the
interactiors of sola tota enery technot
ogy in an industrid applicatim with an



electric utility interface ard (4) to ensue
disseminatio of technicd data

The projed encompassedesign construe
tion, operation ard technicd ard eco
nomic evaluatiom of a sola totd enery
systen providing powe to a knitwea fac
tory. Studies ard laboratoy evaluation of
the STE technolog indicake promise of
econom¢ operatim in the industrid
sector Georga Powe Company the pub
lic utility, ard Bleyle of America Inc.
owng of the knitwea factory, are the
projed participants The projed consis$
of a field of 114 parabolc dish collectors
eahr 7 m (23 ftz) in diameter which will
suppy 12 x 10% J (jouleg (11 x 10° Btu)
annualy a 400C (750°FH to a cascade
tota enery system The systen is cap
able of supplyig both electricda ard
thermd enery as follows:

Electricat 400 kW
Thermal Proces Steam 138 Ib/hr
at 137 ps

Air Conditioning 257 tons

1.2.21 FY 198 Accomplishmens

During the FY 198 desigqn phag of the
Shenandda project interface contrd
drawings tha defire the electricd ard
mechanich interfaee amorg the factory,
the utility, ard the sola totd enery
systan were approvel by all partick

pants Test of the proposd collecta
foundatiors were conducted on site
resuls publishel [7], ard the desim

change to refled possibé saving as
indicated by the ted results The desim
of the systen by Gener& Electric Ad-
vancel Enery Departmen (GE-AED), was
completel ard a final repot issual [8].

Fou prototypes of the Shenandda col-
lector were installed at the Midtempera
ture Sola Systens Ted Facility (MSSTH
a SNLA in FY 19P (Fig. 1-25) Testirg
of this subsysten continuel during
FY 198Q The spacing piping, controls
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Figure 1-25 Shenandoa Collectar Pro-
totypes at the Midtempera-
ture Sola Systens Ted
Facility

ard otheg aspect are representatig of
the Shenandda configuration This quad
rant ted providel data for upgradig the
Shenandda systen including reflecta
evaluation receive design contrd phil-
osophy fault evaluation componeh qualk
fications ard desig corrections

The Contrd ard Instrumentatia Systen
desi;m was completel by Generd Elec
tric's Simulation ard Controk Departmen
(GE-SCD)

The turbine/generatqr being developéd
unde fixed-price contra¢ by Mechanich
Technology Inc. (MTI), was assemblé ard
testel a MTI (Fig. 1-26) The unit
underwem a daily operationd teg in
preparation for delively to Shenandoah

A systens integration ard desigy contrad
for services during the fabricaticn ard
constructim phage was awardel to Lock-
wood Greere Engineers The contrad for
collecta field constructim (excludirg
collectorg was awardel to L. B. Samfod
Inc. The firm of Heey ard Heey
Architects and Enginees was selectd to
condud inspection during construction A
contrac for the Contrd ard
Instrumentatio Systen was placal with
GE-SCD
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Figure 1-26 Shenando&a Turbine/
Generata Developel by
Mechanicd Technology
Inc.

1.2.22 Projection of FY 198l
Accomplishments

A production collecta will be assemblé
ard testael a the MSSTE ard all collec
tors will be deliveral ard installed on site.
Constructimm of the sola collecta field
ard the building ard mechanich area will
be completed All equipmen will be in-
stalled excep for the Contrd ard Instru
mentatiom System The Contrd ard In-
strumentatio Systen is scheduld for
delivery in Novembe 1981

1.23 Southem New England Telephore
Company Experiment

The Southen New Englard Telephore
Compary was awardel a $44,00 grart
from DOE in 19P toward the constructio
of a $100,00 parabolc dish systen to
provide powe ard spa@ conditionirg for a
smal switching statin in Bethany Con
necticut Ninety percen of the required
cooling ard 2%% of the heatirg for the
building were to be supplied The
telephoe company awardel contracs to
OmniumG Co. of Anaheim Californig
for the dish module ard to Stonig Servie
Co. of Milford, Connecticut for site prep
aration ard installation The installation
was completel early in FY 198Q followed
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by systen check-ow ard personnk train-
ing. Testirg throughow the spring of 198)
reveale substantih problems Although
sonme were resolved problens with the
systen still remain Evaluation of poten
tial systen redesig to eliminae thes
problens is unde way.
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SECTION 20

CENTRAL RECEIVER TECHNOLOGY

In a centrd receive system a field of
computer-guidd  mirrors  (heliostat¥
focuses sunligit onto a large tower
mountal receiver The intensified hed
enery absorbd by the receive can be
transferrel to a circulating working fluid
to powe an electrc generato or provide
hea for industrid processesor it may be
usal directy to provide hea for endo
thermic chemicé processes Pat of the
heatel working fluid may be divertad to
an enery storag subsystm to allow the
powa plat or factoly to operae during
nonsola hours Figure 2-1 shows a sche
matic of a centrd receive system

Receiver

@ Direct Solar Operation
@ Operation From Storage

@ Qperation From Fossil Fuel

Heater

Repowering—tk addition of a sola cen
tral receive systen to an existing fossl
fud plant—represest an opportuniy for
early use of centrd receive technology

The primary objective of the Sola Ther
md Centrd Receive (CR) Progran is to
develgp a sour technologich ard indus
trial bae tha will resut in large-scad
self-sustainig application of CR technot
ogies The ba® thus establishd would
actively involve utility ard industy uses
ard manufactures In developmen of
heliostas ard othea subsysters ard would
provide for expet installation operation

Thermal Storage

Industrial Process Heat or
Electric Power Generation

Figure 2-1. Schematc of Typical Central Receive Systen Configurations
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ard maintenane procedures In the nea
term, electric utilities shoutl be ablke to
repowe sone of their generatig capaciy
with large-scad¢ sola centrd receivers
and industrid uses shoutl be ablke to
redue consumptia of significat amouns

of centraly generatd electricity in
addition  to supplyig  high quality
industrid  proces hea (IPH) by

retrofitting existing plans with centrd
receive systems In the longe term, this
technoloy shoutd provide high-capacy
electric generatio ard proces hed as
well as therma enery for manufacturig
energy-intensig chemicat ard trans
portabk fuels from renewabé¢ resources

The progran is directal towad determin
ing, with both uses ard industry the
technica ard initial cod readines of cen
tral receive systens to provide reliable
enery in all forms over a wide range of
marke applications

The specifc objectives of the Centrad
Receive Progran are to:

» develp cost-effectie systen desigrs
for promisirg industrid process elec
tric, ard electric/he& generatio appl
cations

» develp equipmen with potentid indus
trial supplies to establi® a technical
cost ard manufacturig data base

» validae hardwae performane ard cod
data amd establih the potentid
economec benefis of CR technolog for
private investors

* increag reliability, durability, perfor
mance capaciy factors amd extende
temperatue capabilities of CR sys
tems throudh technoloy development
ard

* maximiz the sharirg of ard participa
tion in field experiene with CR hard
ware by potentid uses amd supplies

through pilot plann ard field ted
projects
A planng scheduw for the Centra

Receive Progran is shown in Fig. 2-2

| cym [ cCvao | cvel | cCvs2 [ cvas |
FY79° | FY80 | Fral [ FY82 | FYa3 {
Preproduction
10 MW, Heliostat Design and Test
Barstow 0 2
Pilot Plant Design and Construction ~  © pegll_?_n _____ .
T T
Receiver EPRI MDAC Martin 4 |
Testing | |
(CRTF) Boeing |
Issue RFP Conceptual Designs
Repowering 1 p 9 i J. Design and 4 Construction

Cogeneration

Issue RFP  Conceptual
[ ]

oy,

Project Design Construction

Designs

g !
Advanced Receiver System Development |
Systems -~— — e | |
Hybrid Line Focus Concept Design l

S |
2nd Generation | i
Heliostat New Ideas ) |
| _  3rd Generation |

t

}——e Advanced Receiver Design [

Receiver Advanced :

' ® Water/Steam Design

Energy Storage

Internal Insulation Development
B
Design and Test Bulffer Slerage

(Division of Energy
Storage Systems)

_ Design and Test Diurnal Storage

Figure 2-2. FY 198 Central Receive Systens Program Schedué
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The developmenh of first-generatio
receivers heliostats ard enery storag
subsysterm has been completed ard the
technoloy is beirg usel in the desigh ard
constructim of the 10-MW, pilot plart
nea Barstow Improvel systens ard com
ponen technolog are beirg developd so
that additiona technolog optiors will be
availabk early in FY 1981

21 TECHNOLOGY DEVELOPMENT

In the summe of 1975 three contrae
tors—Honeywell Inc., Martin Marietta
Corp, ard McDonnel Douglas Astronau
tics Co. (MDAC)—were selectd to con
dua preliminay design ard subsyste re-
seart experimend on a centrd receive
sola powe plart usirg water/stemn as
the transport/workig fluid ard a steam
Rankire turbine as the hed engine Two
yeass of study experimentationard analt
ysis by the® contractos ard exhaustie
review by an Enery Researk ard Devel
opmert Administration evaluatim team
led to the selectimm of the MDAC config-
uration for the baselire desigh of the 10-
MW, pilot plart to be constructd nea
Barstow Calif. This concep includel an
externaly  illuminated vertical-tube
once-through-to-superheaboiler locatel
on a towea surroundd by a field of helio-
stats In the selectimn of the pilot plart
configuration the margn of choie
betwea the externaly illuminated MDAC
receive ard the cavity-type receive by
Martin Marietta was relatively narrow
For othe applicatiors the cavily receive
might be preferred It was al® recog
nized tha restricting the centrd receive
to the steam-Rankie cycle may na pro-
vide the mog cost-effectie long-tem
operations  Technich questios were
raisel which involved life cycles hydrau
lics, hed distribution ard othe desig
guestions as wel as the accompanyig
economics answes were na readily
available

To answe the® guestions two ted pro-
grams hawe been conducte for the pilot
plarnt configuration usirg a 5-tube pané
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ard a 70-tube panel The 5-tuke pané was
testal at the Sanda radiart ted facility.
The purpog of the ted was to stud/ the
departue from nucleae boiling (DNB)
phenomeno predictel to occu in the
pilot plart boiler panels The expert
mentd dat will be usa to estimae the
fatigue life of the pilot ard commercia
plants The pané was fabricatel ard
testel by MDAC originally ard was exten
sively modified by Sanda Nationd Labor
atory Livermore (SNLL) for additiond
testing Assemby ard checkow of the
ted setp were completel in
March 1979 Figure 2-3 shows the 5-tube
ted setup Testir%; was complete in
eary Fy 198 ard the datn reduced
Figure 24 preserd a preliminay assess
mert of the hydraulc stability attainel by
variows orifice sizes The ratio of orifice
diamete to tube inside diamete is
plotted agains the ratio of teg conditin
flux to pilot plot maximun flux. Stabk
operatim can be maintaine for all flux
conditiors when the orifice diamete is
less than approximatgl one-thid of the
inside tube diameter A full ted repot
has bean assemble ard published

McDonnel Dougles was placel unde con
trad to retes their Subsyst;mn Researd
Experimen (SRB receive (which included
the 70-tule pane) a the Centrd Receive
Ted Facility (CRTH a Sanda Nationd
Laboratoy in Albuquerqe (SNLA). The

testing was designd to genera¢ dat typ-
ical of a portion of the pilot plart receive
u;.! y

“THE 5-TUBE TEST"

"'_\'ﬂﬁ'lf-l""—
o WYDRAULIC STABILITY ‘
* DEPARTURE FROM WUCI EATE

‘ I-“:‘IIE:\;;I;:::{TU'::||H‘-~llllﬂ.ﬁi i lq . . 1.-\‘
Figure 2-3.  Five-Tube Receive Pand
Ted
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at Barstow The testig emphasizé the
thermd hydraulc performane ard the
static and dynamc stability aspecs of the
desiqy ove the entire operatig range
The ted included operation during normd
startyp ard shutdown intermittert cloud
conditions ard emergencise to determire
transien ard steady-sta performane
unde conditiors equa to or exceedig
thoe expectd in the pilot plant The
effects of variatiors in input ard outpu
conditiors on receive operatim were alo
investigated The testirg startal in March
1979 ard was completel in early 1980
Figure 25 shows the receive pané exper
iment mountel on the CRTF tower.

2.11 Receive Developmen

The objectie of the Receive Develop
ment Progran is to evaluaé the merits of
alternae technologie for absorbig the
sola flux. Included in this activity are
the in-deph studies being conducte to
suppot the design ard evaluatimm of the
pilot plart water/steen receiver The
goak of the receive progran are to:

* redue weigh ard cog to a minimum,

» improwe receive efficiency, ard

» obtan receives tha function wel with
othe components so tha the overal
efficiency of the systen is high.

Initially, studies were conductd to eval
uate the merits of alternative concepts
As a resut of thee studies water/stem
technoloy was selectd for the 10-MW,
pilot plant The overal progran wasthen
expandd to encompas gas {air ard hel
ium), molten salt ard liquid sodium tech
nologies

In suppot of the 10-MW. pilot plant
receive design reviews were initiated
Combustim Engineerig and the Genera
Electric Co. analyze the therma fatigue
associatd with the DNB ard the flow sta
bility of the desigs of the MDAC water
stean receive desigrs usal in both pilot
ard commercia plants Ther resuls indi-
cate tha a receive of pilot plant size
shoul haw a therma fatigue life in
exces of 30 years An initial concen
regardirg the stability of the pilot plart
panes unde conditiors of low flow ard
hed flux has been resolvel by testing

A numbe of advancd receive studies are
being conductd to establi® the feasibit
ity of developig a systen tha will signif
icantly redu@ the cog of electricity gen
eratel by sola centrd receivers The

MDAC 70-Tube Receive
Pand Ted

Figure 2-5.



maja limitations of the water/stee pilot
plant are the low maximun flux the
receive is capabé of absorbig ard low
systen efficiengy imposel by the storag
subsystem Utilities haw hal extensie
technicd experiene with water/steam
however ard this is a maja advantage
Othe receive coolans sud as liquid
sodium molten salt air, ard helium can
lead to systens with highe efficiengy
requiring fewa heliostats which in tumn
can lead to improved cost-effectiveness

To ensue tha the full potentid of the
water/stean technoloy is mace availabk
to the sola community improved watev
stean receive conceps hawe al bea
investigated The® conceps may prowe
to be more cost-effectie than curren
designs

Major  activities completel on the
advancd receive studies during FY 198)
include

e Barstav water/stemn receive ted eon
ductel at CRTF,

 a 5-tuke watg /stean radiart pané
tested

« Martin Marietta molten sak receive
ted initiated at CRTF,

» three improved water/stemn receive
desigrs completed

* Generd Electric turbine trade-of stud/
completed

* synthess of improved water/stemn sys
tems completed

» cryogenc wind tunné testirg completel
at Universiy of lllinois, ard

* interim structurd desigqn standard
completed

Information developd in the progran is
reviewed annually the relative advantage
of eahh approab determined ard
recommendation for future activities
presentd to DOE The receive desigrs
that were selecte as a resut of the stud
ies conductd during FY 19 are pre
sentel in Fig. 2-6.
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Convectiwe loss from a centrd receive
exers a significart influence on the ther
md efficiengy of a sola thermal-electre
powea generatio system The magnituck
of this loss is nat eay to estimaé becaus
the high operatig temperature ard large
sizes of the receives malke experimenth
verification difficult. In addition the
interactimm  betwea free ard forced
convectiom mechanisma is not well under
stood In FY 1979 a comprehensi pro-
gran of analyss amd experimend was
initiated to predid the losse from cavity
and externd receivers This stud/ was
continuel at areducel levd of effort dur
ing FY 1980 Universities ard industrid
investigatos were placel unde contrad
to condu¢ a coordinated 3-yea progran
coverirg the following:

» cryogenc wind tunné testirg (Univer
sity of Illinois),

» convectie losses  from
receives (Stanford/Nielsen)

» natural-force cavity convectim (U.C.
Berkeley) ard

e turbulent/naturb convectim
cavity experimemn (SNLL).

externd

heatd

Plannel accomplishmest for FY 198l in
the Receive Developmeh Progran are
to:

» complee CRTF testig of molten sal
ard liquid sodium receivers

* initiate molten sal stean generato
developmen study, followed by a full-
scak subsystm researb experiment

* initiate thin-wal tube joining fabrica
tion developmet studies for molten sat
ard sodiun receivers

e initiate saturatd stean receive sub
systen researh experimen desigq for
CRTF test

e initiate secom molten sak
desiqh for CRTF test ard

 initiate ha gas IPH receive systen
design

receive
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2.12 Heliostat Technology

The extensie heliosta field requira to
collea sunlight which has a low enery
density constitute the larges$ portion of
centrd receive systen cost Fo this
reason reducirg the life-cycle cog of
heliostas is strongy emphasized Goabk
for heliostd coss haw been establishd
by allocatirg overal powe plart cod tar-
gets to the variouss subsystems The god
of the heliosta developmen progran is to
achiewe an installed cog of $80/nf(1980
dollarg of reflecta area The attainmen
of this goal in conjunctiom with cog
targes for othe subsystems shoud
provide a competitive alternative to the
use of ol amd naturd gas for utilities
generatigy electrc powe in the late
198G ard the 1990s

A concentratd heliostda developmenh
effort was initiated in 195 when four
contracte teans (Boeirg Engineerig ard
Constructim Co., Honeywel Inc., Martin
Marietta Corp, amd McDonnel Douglss
Astronauticy were fundel to complee
desiqh studies for first-generatio helio-
stats The® 2-yea efforts culminate in
the fabrication ard testig of prototype
heliostats basel on the conceps devel
oped An extensie desigqn critique ard
costirg evaluation for eadh of the desigrs
was undertaka to seled¢ the bed helio-
sta approab for the Barstow Californig,
10-MW, pilot plant Ore of ead of the
prototypes developd by the four contrae
tors was subsequenyl installed in Liver-
more California whee testirg ard evat
uation continued

In  mid-1978 Martin Marietta ard
McDonnel Douglss were contracte to
develp competitive heliosta desigrs ard
prototype hardwae for the pilot plant
Two prototypes from ead contracto
were testal ard extensivey evaluated

Martin Mariettas desiqn (Fig. 2-7) was
judged to bes med the requiremerg for
performane ard cost A contra¢ for
Martin Marietta to build ard instal 1818



Marti n Mariett a Pilot Plant
Prototype Heliostat
(front ard badk view)

Figure 2-7.

heliostas at the pilot plart was initiated

in late 1979 installation will stat in
FY 1981
Before the developmeh of heliostd

desigrs for the 10-MW, pilot plant lim-
ited production of a specid Martin Mar-
ietta design for the unique requiremerg
of the 5-MW; Centrd Receive Ted
Facility was completed A totd of 22
heliostas were fabricatel ard installel
during FY 1977 ard FY 1978 Even thoudh
thee heliostas haw specid features to
serne the need of the teg facility, ther
recordel cost provide an uppe bench
maik again$ which cog estimate ard
ultimate goak can be compared
Figure 28 illustrates the installed coss of
the heliostas a the Centrd Receive
Ted Facility compare with anticipate
future trends thee coss haw bee
adjustel to 1978 dollars

Conceptub desigrs for Phag | of second
generatio heliostas were initiated in
Octobe 1977 Contracs were awarde to
Boeing Engineeriy ard Construction
Generd Electric McDonnel Douglas
Astronautics ard SolaramicsInc.

The purpo® of the progran was to signifi-
canty redue the cod of a heliosta field
for a sola thermda powe plart from the
cost generatd during the 10-MW, pilot
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Figure 2-8  Actual and Estimated
Heliostat Costs

plart preliminay design Ead contracto
develope a heliosta design (Fig. 2-9
with associaté manufacturing assembly
installation ard maintenane ap
proaches Capitd ard operatios ard
maintenane cost were estimate for
one-time production of 25 units ard for
continuows production rates of 25,000
250,000 ard 1,000,00 units pea year

In addition to the four desigrs entirely
funded with federa dollars an encourag
ing precedeh in heliostda developmen
occurred as illustrated in Fig. 2-9. The
design approab pursuel by Westinghous
was entirely funded with ther own cap
ital. Unde a no-co$ agreemen with
Westinghousgin exchang for receivirg a
critical review of ther desigqh progres
ard a tegd of the resultig prototype a
the Centrd Receive Ted Facility in
Albuquerque they hawe publicly disclosel
the design features of their heliostat

Eadh of the contractos participatirg in
the Phag | second-generatio heliostd
developmen effort projecs mass-produc
tion coss nea or belov the DOE god
(Fig. 2-10) At highe production rates
four independen assessmestof differen
approachse indicae tha the cod goabk
can be reached The® cosst represeh
198) dollars ard assune stabk production
rates a the annud& quantities plotted
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Figure 2-9. Central Receive Systens Second-Generatio Heliostats — Phas |

Cog goabk are reassessk annualy to

| reflead the lates stud/ resuls ard eco

o nomic trends

MDAC

The follow-up effort to chek the desigrs
and cod estimats in the second-genera
o Cost Goal tion studies will be limited to demonstrat
ing the high-leverag componeh ard

materiak developments The® will be

selectel after detailal evaluation of the

desigrs submitted A maja tod usel for

evaluatios is a nev compute mode|

DELSOL, developd during FY 1978 This

compute coce can be usal to synthesie a

_ cost-optiméa field layou ard annud per
ML : - formane for eah of the competimy
designs Sensitivities in pointing accur

acy, receive size ard towe height were

Figure 2-10 Phas | Second-Generatio investigatel to ensue that the comparisa

Heliostat Costs was not biase&l in favor of ore design
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With the addition of DELSCL to DOE ana
lytical capabilities rapd compariso of
competirg desigh solutiors can be mace
easily The usefulnes of this coce for
contractes uses is al important they
hawe a betteg tod to provide trade-of
studies The coce was documentd ard
releasd in FY 1979

Utilities haw been faced with hard
choices during the pags few yeas in the
selection of powe plart types All indica
tions are tha thes decisiors will becone
even more difficult in the future hence
the nea for credibke soure datl places
increasig demand on competirg technot
ogies To med the nea for cog figures
basel on sourd dat@ ard to foste compe
tition, a newv competitie solicitation
entitled Preproductiac Heliosta was
issuel early in FY 1979 The nanme was

BOEING

WESTINGHOUSE

subsequenyl  changd to  Second
Generatio Heliosta becaus it is essen
tially the secom phag of the second
generatio effort discussd previously
The objective of this solicitation was to
open the competition with eventu fund
ing of up to four contractos for low-cog
desigrs that could be usal to mas produe@
heliostas during the 1980s Competitos
for this procuremeh were provided with
all data generatd unde DOE funding as
well as critiques ard evaluations As a
result five contracs for second
generatio heliostas were signa in
Augud 1979 The winning competitos for
18-monh contracs were Boeirng Engineer
ing ard Construction Martin Marietia
Corp, McDonnel Douglas Astronautics
Northrup Inc., and  Westinghous
(Fig. 2-11) althoudr Westinghous subse
quenty droppel out Ead of the desigrs

NORTHRUP

SECOND-GENERATION HELIOSTATS

MARTIN MARIETTA

MCDONNELL DOUGLAS

Figure 2-11 Central Receive Systens Second-Generatio Heliostats— Phas 11
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providad differert conceps for all of the
heliosta components This effort has
resultel in two prototype heliostats a
detailed design for a production heliostat
a conceptuh desigqn for a factory to pro-
duee 50,00 heliostas pea year, ard cod
estimates The cod estimats covea pro-
duction coss as wel as installation oper
ation, ard maintenane costs The proto
type hardwae will be testal side-by-si@
in eary 1981 ard thorough{ evaluate to
provide potentid uses with dat to assis
them in selectirg appropria¢ systems

While the detailel design of mass
producibke heliostas progressed a New
Ideass Heliostd Requets for Proposa
(RFP was released ard contracs were
awardel to develp nenv conceps$ ard to
obtan smal busines participation Unde
the auspice of the New Idea Heliostd
RFP, nev ard novd approache to solving
heliostd problens are beirng pursued In-
vestigatiors are unde way to develg newv
conceps for heliosta drives mirror
modules cleanirg methods instrumenta
tion, ard materials Improvel plastics are
being developd ard evaluate for en
closael heliostats Five smal businessg
and five large businesse were equaly
funded for contracs endirg in FY 1980
The final design repors of thee efforts
are nov available Severd of the efforts
appea to haw particulary encouragig
results The effort to devel@ plastics for
heliosta enclosure has identified the
materid Kynar, producel by the Pennwai
Corp, as havirg potentially low life-cycle
cost Efforts in FY 198l will continwe
acceleratd exposue of sample of this
materid ard will characterie its mechan
ical properties Developmeh of a new
mirror moduk which has a lightweigh
molded plastc core is nearly complet ard
promises low cod when mas produced
This effort is intendel to provide a pre
curso to third-generatia heliostats The
totd heliosta developmet progran is
attackirg severa fronts in an attempg to
ensue tha low-cod heliostas will be
availabke for repowerig ard cogeneratio
projects as wel as othe industrid applr
catiors tha are na DOE funded

Activities in FY 1981 will focus on the
completin of prototype second
generatio heliostas by the industrid
contractos ard extensie testirg ard
evaluatiom by Sanda Nationd Labora
tories of the long-rin potentid of thes
designs

2.13 Central Receive Teg Facility

Operation of the 5-MW; Centra Receive
Ted Facility (CRTPH in suppot of centrd
receive desigs ard heliosta prototypes
continual in FY 198Q The facility, oper
ated by Sanda Nationd Laboratoris for
DOE, consiss of a 61m tower, 22 sun
tracking mirrors ard a contrd ard dat
compute system First operation of the
facility, shown in Fig. 2-12 occurre in
late FY 1978 ard ted prograns hawe con
tinued throughot FY 19 ard FY 198Q

The primaly objectives of CRTF are to
provide timely testirg ard evaluation of
sola receives ard heliostas ard to pro-
vide operationa experiene with centrd
receive powe plant designs While these
objectives are given first priority in facil-
ity operatimm ard scheduling the facility
is aloo usefl to a broad clas of expert
mens tha may require its unigue high
temperature high heat-flx environ
ment The Sola Thermd Ted Facilities
Uses Associatim (STTFUA) interacs
with the managemenof CRTF to assi$ in
coordinatig the need ard requiremerg
of othea test ard experimend with those
performeal as pat of the primaly program

Two maja ted prograns on receives
were undertaka in FY 1972 Evaluation
of a gas-coold cavity receiver developd
by the Electric Powe Researb Institute
(EPR) ard testel by Sandia/D& in aco-
operative program was complete in
March 19 with absorbd powea levels
exceedigy 1 MW, Efficiencies tha
closely correlatel with predictel values
were measured ard stabk contrd ove a
wide range of operatig conditiors was
demonstrated Tess on a pané from the
water/stea receive desig to be usal in



Figure 2-12 Centrd Receive Ted Facility

the Barstav 10-MW, pilot plant were
starta in mid-FY 197T1 The pane shown
unde ted atq the towe in Fig. 2-12 was
a prototype of ore of 24 sud pane$ that
make up the pilot plant receiver The
panet are designéd to convet coold
wate to superheat stean in ore verti-
cd upwad pass Ted conditiors a the
CRTF, which were to confim the desig
ad contrd systen amd to provide
operation&a experience were selecte to
represeh operatiom of panets which will
be on the south eas$ or west ard north
sides of the receiver Absorbel powe
levels  from 0.5 to 33 MW, were
achieved The tess require varying
numbes of preselectd CRTF heliostas
rangirg from 20 to full operation& field.
For the highes$ powe levels water-coold
reflective mirrors were attache to the
pané to captue enery which would
otherwie spill ove the sides of the long,
narrov panel  Figure 25 shows the
reflectors installed

During FY 1979 developmen of a video
basedheliosta evaluation system called a
Bean Characterizatio Systen (BCS) was
completed This system whos contrd
and display statian is shown in Fig. 2-13
collecs daea on beam quality (i.e, flux
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densiy profiles and powe measuremen}s
arnd bean pointing (tracking accuracy of

heliostats Both developmentaard CRTF

field heliostas hawe been evaluatd using

BCS The systen was usal in FY 190 as
an integrd patt of the evaluatimm of pro-

totypes suppli@l by contractos for the
pilot plant The BCS was al® utilized to
chek ard resé¢ wher necessar the tar-

geting bias on the heliostas in the CRTF

field. Before developmen of BCS visud

estimats of the beam centerirg were the
only mears of correctirg drift in the hel
iostats

3 \'E
Figure 2-13 BCS Control Display



During FY 198) there were severa facil-
ity improvements The final constructio
of additiors to the facility contrd building
office and laboratoy spae for both CRTF
staf amd on-sie experimeh personnk
was completed Pat of this addition a
60-foa tower locatel abowe the facility
contrd room was utilized to hou® the
heliosta  evaluatim equipmenh ard
controls The BCS equipment a Sandia
designé univers& heliostda controller,
and the contrd equipmen provided by
individud heliosta supplies haw bea
placed or will be placa in this BCS tower
room

A significart expansia of the facility
data acquisitiom systen capabiliy was
also initiated in FY 198Q This expansio
will provide extende data reduction ard
presentatioes on a red time basis
capabiliy to provide red time dat trerd
plotss amd an extendd capabiliy for
remoe contrd of experimen hardware

During FY 198Q extensie us was mack
of flux gauge for measuremest of flux
densiy ard totd powe conditiors during
tests A developmeh progran was ini-
tiated to calibrake gauges in a sola envi
ronmen ard to measue the chang in cal
ibration for gauge who® surface hal
been exposedto a range of environmenth
conditiors during extendd ted periods
Tesst were conductd in the 30 -kW; White
Sané Sola Furnae ard in a 5-kW; fur-
nae developd a New Mexico Stae Uni-
versity with Sanda support A parabolc
concentrato has been obtainel with a
heliosta to form a sola furnae a
CRTE This experimenth apparats will
provide flux densiy levels abow
200 W/en? ard will be usel to continwe
developmeh of measuremen techniqus
which provide the (greatets precisi;
possibé during large-scag¢ sola receive
tests

Operation of the heliostd field in suppot
of testing prograns has continue to pro-
vide operatim amd maintenane da@ on
the heliostats The field is maintain@ at
or abowe 9%% operationd ard close to

100% operationa capaciy wher requirel
for maximun powe tests Failure modes
include drive motors ard encodersprinted
circuit boarags ard relays connectors ard
intermittert temperatue  sensitiviy
failures  All experience ard dat are
given widespred distribution to designes
of advancd heliostas for use in ther
desiqn efforts

Receive testig in FY 198 was devotel
primarily to completion of testirg on the
pilot plart receive pané ard to installa
tion, checkout ard sola operatioms of the
salt-cool@ receive develope by Martin
Marietta Figure 2-14 shows the MMC
receive a the top of the tower. Grourd
levd installation ard checkod were com
pleted in early July ard elevation to the
tower top occurre on July 22 Sola test
ing on the cavity configuration shown in
Fig. 2-12 was initiated in early Augud
198Q Testirg is expectd to continwe
throudh the first quarte of FY 1981 In
addition a numbe of high hea flux tess
were performe&l on a radone desigqn pro-
posal for a Naw missile

Figure 2-14 Marti n Marietta Salt-
Cooled Receive Atop the
CRTF Tower

S



Heliosta testig in FY 198 centerd
arourd completiom of dat analyss from
the ted progran on the pilot plant proto
types togethe with facility expansio ard
preparatim for the second-generatio
heliostda prototypes Acceleratd life-
cycle testig of the tracking ard contrd
systens in the pilot plart prototypes has
provided insight into their operation& ard
potentid maintenane
All operationd irregularities haw bee
provided to the heliostd designe (Martin
Marietta) ard to the pilot plart projed
office for consideratia in desigqy revi-
sions Facility modificatiors to accom
modat two prototypes of ead of the five
second-generatio desigs were com
pleted A prototype of eat desig will be
located a a 335 slart range for track
ing ard beam quality evaluation This
progran is expectd to stat early in
FY 1981 ard continte for severd montls
thereafter Life-cycle tracking ard con
trol tess are alo scheduld to continwe
throughou FY 1981

Activites projectel for FY 198L include
completion of the Martin Marietta salt
cooled receive tests—includig utility
personnk havirg the opportuniy to oper
ate it, installatim ard testig of a
sodium-coold receive pané designd ard
fabricatel by ESG ard installation of ore
of two receive units developéd throug
the sponsorsip of the Electric Powe
Researhb Institute Othe activities
include second-generativ heliosta test
ing ard completion of two smal teg pro-
granms coordinate for the CRTF by
STTFUA In addition materid ard flux
gauge testirg will continle at the CRTF,
at the White Sané Sola Furnace ard a
the New Mexico Stake University sola
furnace

2.14 Storace Technology

The objective of the enery storag tech
nology developmeh effort for centrd
receives (managd by SNLL) is to demon
strake commercialy viable storage tech
nology for use with Sola Centrd Powe

characteristics
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Systems The® applicatiors include sola
stand-along cogeneration repowering
industrid retrofit, or hybrid powe plants
The levd of technoloy to be considerd
mugd be consisteh with commerci avail
ability betwea 19% ard 1990

The activities of the progran are keyel to
storage developmen for specifc centrd
receive technologies The® are

» storag for water/steam-coote centra
receivers

 storag for molten-salt-coolé sensibé
hea receivers

« stora@ for liquid-metal-coolé sensibé
hed receivers ard

- storag for gas-coold sensibé hea
receivers

2.1.41 Storage for Water/Steam-Coolel
Receivers

During FY 198Q second-generatio stor
age developmerds began designd to
match performane of eithe saturatd
stean receives for industrid retrofit
applicatiors or  superheatd® stean
receives for retrofit amd repowerimy
applications A competitive procuremen
is to resut in contra¢ award for storag
concep developmeh studies Thes
studies are to be completel in FY 1981

Storage concep developmenh for an
organc fluid maintenane unit was al
completel in eary FY 1980 Hydrocar
bon-basd oils a or nea 316T (600°H
are being usal in sola thermd powe
plant development sudh as the 10-MW,
Barstawv pilot plant An experimenthard
analyticd researh progran has been con
ductaed by Martin Marietta ard SNLL to
develp an understandig of Exxons
Caloria HT-43 oil thermd decompositia
process predid fluid replenishmen
requirements amd develgp method to
redue its degradatia rate



2.1.42 Storage for Molten-Salt-Cooled
Sensibk Heat Receives

Concep developmen of internaly insu
lated thermad storag containmeh was
completa in early FY 198Q The purpo®
of this program which was conductd by
Martin Marietta was to define a cost
effective therma storag systen for a
centrd receive powe systen usirg mol-
ten nitrate sal storael in internally insu
lated carba steé tanks at temperature
up to 566" C (1050°F)

Molten nitrate sal storag subsyten
developmeh was initiated in FY 1980 A
contra¢ was awardel for the design con
struction testing amd evaluatim of a
molten sal subsysten researb expert
ment This stud/ will be completel in
mid-FY 1982

Severd materiaé studies were alo per
formed to resole technicd issue for
molten nitrate sak storag systems Dur-
ing FY 1980 a molten sal chemisty
stud/ was initiated by EIC Corp to
develp a thoroudh understandig of the
interactiors of molten NaNO;-KNO;3;
mixtures with wate vapa ard carbm
dioxide in the air. The resuls of this
study will help to determire whethe an
open closed or breathig systen is
neede for storage The resuls of the
chemisty study which will be completel
in FY 1981 will be evaluate to identify
ary nea for a studs of techniqus for
regeneratia of the salt

Severd materiab studies were initiated
during FY 198) to evaluaé corrosio
behavio of high-temperatug structurad
alloys in molten nitrate salts The®
include (1) electrochemicla analyses
(2 therma convectim loop tests of both
closal (at O&k Ridge Nationd Laboratory
and Dbreathig (a SNLL) systens to
determire if thermal-gradieh mass-trans
fer phenomea affed the corrosiomn behav
ior of three alloys SS 304 SS 316 ard
Incolloy 800 The therma convectio loop
tess will be completel in FyY 1981 At
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that time the neal for forced convectim
loop tess of thee alloys or therma con
vection loop tess of alternatie alloy-sat
combinatiors will be assessed The elec
trochemicé studies performal a SNLL in
FY 198 emphasizeé the developmenh of
species-specidi indicata electrods tha
can serwe as on-line sat monitors In
FY 198L thes will be usa to stud/ ard
identify chemicd specis preseh in
nitrate melts A contra¢ with the Uni-
versity of New York a Buffalo was ini-
tiated in the third quarte of FY 1980
The purpog is to study the effecs of
temperature oxygen ard impurities on
the sat melt ard the formation of a pas
sivating film on Incolloy 800 This work
will continwe throuch FY 1981

In FY 198 the developmen of equipmenh
to measue viscosity surfa@ tension ard
densiy of molten sat ove a temperatue
range of 25° to 900C (77 to 1652°F ard
a pressue range of 1 to 10 atmosphere
was completel at SNLL. Preliminay data
on the viscosiy of molten NaNG; mix-
tures were obtained During FY 198Q
hed capaciy measuremest were al
performal on NaNO; ard KNO;z; a SNLL,
and a contra¢ was awardel for therma
conductiviy measuremest of molten
nitrate salts In FY 198L the thermo
physicd propery measuremest will be
completel excep for therma conductiv
ity. The latter will be completel in
FY 1982

2.1.43 Storage for Liquid-Metal-Cooled
Sensibke Hea Receives

In FY 19@ Energy Systens Groy (ESQ of
Rockwel Internation& performel a con
ceptud desigh of an air/rodk thermoclire
storage systen as pat of the Advancel
Centrd Receive Program This systen
has potentid for low cog but requires
experimenth verification Before the
consideratia of ary contracte large
scak developmen effort, SNLL is per
forming laboratoy tess to study the
effed@ of therma cycling on rock
strength The preliminay dat shawv little



evidene of rock fracture when thermally
cycled (approximatel 600 cycleg from
316C (600°H to 593C (1100°H while
unde a mechanichload Additiond tess
are beirg performa to allow a greate
numbg of samples to be simultaneousl
teste

2.1.44 Storage for Gas-Coolel Sensibe
Heat Receives

The air/rok storage concep propose for
liquid-metal-coole receives may alo be
applicabé to gas-coold receivers This
concep has the potentid for very low
medi cost ard for low pressue systens
it woud hawe very low containmenh
costs During FY 198 preliminay studies
were performel to investigaé therma
cycling of rocks In FY 198l the develop
mert of the air/rok storag concep will
focus on air/rok hed transfe studies
neede to establi the feasibility of the
concept This work is beirg coordinate
with activities describeé unde storag for
liquid-metal-coole@ receivers

22 CENTRAL RECEIVER SYSTEMS AND
APPLICATION S

2.21 10-MWe Sola Thermal Central
Receive Pilot Plant

2.2.11 Background

The 10-MW, Sola Therma Centra
Receive Pilot Plart is a first-of-a-kind
systens experimen tha will apply the
resuls of developmen experimend to a
solar-powerd electricd generatio pilot
plant to provide operationh data The
technoloy has na previousy beer in-
tegrate into a full systen for operatim
as a utility.

The primaly objectives of the 10-MW,
experimen are

» to establit the technicd feasibility of
a sola thermd stean plart of the cen
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tral receive type including collection
of dat for utility amd industrid proces
hea applications

» to obtan sufficiert development pro-
duction ard operatig dai@ to indicae
the potentid economc operation of
commerci& plans of similar design ard

+ to determire the environmenth impad
of sola thermd centrd receive plants

Responsibiliy for the projed¢ has been
assignd to the DOE Division of Sola
Thermd Enery Systens within the Office
of Sola Industrid Applications A Sola
Ten Megawat Proje¢ Office was
establishd by the DOE San Franciso
Operatiors Office (SAN) with responsibH
ity for the day-to-dg planning direction
execution ard contrd of the projed
within the approvel envelo of technicd
objectives cog estimates ard schedud
milestones

The projed is a joint utility- ard govern
ment-fundel project The Associates
composd of Southen California Edism
Company the Los Angeles Departmen of
Wate ard Power ard the California
Energy Commission are participatirg in
the engineering management ard con
struction activities of the projed in

accordane with a cooperatie agreemen
between DOE ard the Associates Figure
2-15 shows a modé of the plant which
will be built on Southen California Edism

Figure 2-15  Model of 10-MW. Sola
Thermal Central Receive
Pilot Plant



propery eas$ of Barstav a Daggett
California Figure 2-16 illustrates how
radian enery will be convertel to
electricity.

The plart will be operate ard maintainel
by Edismn operatios personnel The
overal proje¢ milestons are

* DCE selecs site ard utility partner
Januay 1977

* DCE selecs sola contractors
Augusg 198

» Stat plart construction
Septembe 190

» Complee construction
Septembe 1981

» Steam-to-turbine/Initiat check-out
Decembe 1981

» Complee integratel plart acceptance
Jure 198

» Complet 5-yea ted phase
Jure 19&

Highlights of the pag fiscd yea are
sth\ngln Tabk 2-1. P Y

2.2.12 Summary of Current Status

Preliminay desigh was completel on the
plart in Novembe 1979 All sola facility
constructio packag@ desigs hawe been
completed ard the turbine-generatocon
struction desigis are approximatgl 90%
complete

Find softwae preparatia for the contrd
compute is unde way. The maste con

Figure 2-16 Ten-MWe Pilot Plant Schematt
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Table 2-1. Highlights and Accomplishmens During FY 198)

Completa plant preliminay desig

Selectel heliosta production supplie

Completa preliminay earthwok

Completa receive tess at CRTF

Startal receive pané fabricatin

Completa site acces road ard administratie building

Authorized DOE constructim manage to subcontrat
sola facilities constructio

Awardal towea stee] towea foundation ard watea tark
constructian contracs$

Awardal collecta field electricd constructiom contrac

Completel heliosta foundation installatin

Awardal therma storag ard plant suppot structura
sted ard foundation constructim contracs

Awardal therma storag tark constructio contrad
Openel visitor's information cente
Awarded mechanich constructio packag

Novembe 190
Novembe 1970
Decembe 190
Januay 198
Januay 198
Januay 198

Februay 198
March 198
April 198
May 198
Jure 198)
July 198

July 198
Septembe 198

trol systen hardwae ard softwae will be
checkel out unde laboratoy conditiors
before shipmen to the site next year

Field constructim has been unde way
sinee late lag fiscd year Site activities
this yea concentratd on earthwork
foundations structurd stee] ard electrt
cd wiring installation

2.2.13 Collector Subsysten

The thirteen-mont final desiqn ard pre
production fabricatiom phag was com
pleted on schedut in Octobe 190 by

Martin Marietta Aerospae ard McDonnel
Douglas Astronautics This pha® included
three montts of DOE performane testirng
on full heliostas ard associaté controk
as wel as componeh structural
environmenth assessmeston drives ard
mirror modules
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Ted data were analyzel as pat of the
productim pha® contracte evaluation
DOE selectd Martin Marietta to fabri-
cate install, ard ched the full heliosta
field in late Novembe 1979

The Martin Marietta heliostd is shown in

Fig. 2-17. The referene desigq is char

acterizel by the following features

e Mirror Module—Eab of the twelve
heliostda mirror modules consiss of a
low-iron float glas mirror 0.15 in.
thick by 430 in. by 1200 in., backel by
2.80 in. of aluminun honeycomb ard
surroundd by a galvanizel steed pan
The glas surfae area pe heliostd is
430 ft2. A doubk sed of silicone ard
polyisobutyler® provides a moistue bar
rier betwea the glas edge ard the
metd pan

* Drives—Boh azimuh ard elevati;m
drives are containg in the sane housiry
ard are gea type
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Figure 2-17. 10-MWe Collector Sub-
systemHeliosta

o Suppot Structure—Tle elevation drive
is attache to a verticd tube from
which  four horizontd trusses are
attachel for mirror moduk mounting

» Controls—Tre individud heliosta con
trollers are located inside the galva
nized ste¢ pedestal Up to 32 heliosta
controlless are connectd to ead field
controllee which are connectd to the
redundah heliostda array controlle
locatad in the centrd contrd room

2.2.14 Collector Field

Field configuratim calculatios were
basedon a 42-nf (450-ff) heliosta ard
were constraind by shadowing blocking
and an allowabk heliostd swing-radius
Following selectim of Martin Marietta
the requirel numbe of heliostas was
determinel to be 1818 to med the plant
performane criteria of four hous of
10-MWe operatios on the leag favorabk
winter day. Assumptios useal in the field
sizing analyss included

« Insolatim value 917 W/m?
» Heliosta mirror reflectivity: 0.8
* Receive absorptivity 0.%

i ! 1y
p i)
| d —17R
= _=1eR
gl A0 ¥

i

* Receive losses 47 MW

 Receive absorbd therma power
341 MW

* Plart parasitc power 17 MW,*

The field configuration with a radid stag
ger layou is shown in Fig. 2-18 Fig-
ure 2-19 shows the segmentatio concep
develope by the Sola Facilities Design
Integrate to contrd the hea flux on the
receiver Up to five am points will be
usel alorg the verticd axis of the
receiver

2.2.15 Cloud Measuremen Experiment

Rapd variatiors of insolatian in both time
and spae haw bee identified as a poten
tially importart concerniig the desig ard
operatim of the Sola 10-MWe Pilot
Plant The® rapd changs will affed the
desiq of the maste plart contrd system
the individud receive pané controls ard
the operatigp modes of the plant The
variatiors mug al®o be accountd for in
estimatirg the therma fatigue of critical
receive elements

A review of availabk insolatim dat
reveale little directy applicabé infor-
mation on variatiors during cloudy per
iods but FAA meteorologich da@ indi-
cate tha ther is cloud cove during a
significart percentag of the dayligh
hours a Daggett

A cloud measuremén experimemh was
identified as a mears for obtainirg dai@ on
the characteristis of the clouss a the
pilot plart site. The objed of the expert
mert was to obtan insolation da@ with
satisfactoy tempor& ard spatid resolu
tion for thermd transiem analyss ard
contrd studies The experimenh was spon
sorel by DOE ard sd up & the Southen
California Edison Coolwate Generatig

*MW, is a measue of heda energy MW, is a measue of electrc enery after the hed
enery has passd throudh the turbine generato set
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Figure 2-18 Ten-MW, Pilot Plant Collector Field Configuration

Station adjacenh to the site of the Sola
10-MW, Pilot Plant The experimeh was
run for a little ova ore year ard the
resuls are presentd in terms of eight
typicd cloud conditiors or scenarig which
were usal by McDonnel Douglas in their
desiqn analyss for the pilot plant This
data update all previows dat ard assump
tions on the characteristis of the clouds
at Daggett The final repot ard dag ses
are availabe from McDonnel Douglas
Findings on the frequeng of clouds are

; * During 90% of the winter months
Figure 2-19  Collector Field clouds are preseh 136 to 25% of the
Segmentation Concep time.
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* During 90% of the summe months
clouss are presen 1006 to 20% of the
time.

» During 90% of al the months at leag
10% to 15% of the daylight hours will be
partly cloudy:.

2.2.16 Maste Control Systen

The control protection ard dat acquist
tion of the plat are accomplishd by the
Masteg Contrd System The hierarchicé
structue of the Maste Contrd Systen
has been chosa to provide maximun reli-
ability ard availability during startyp ard
acceptane testirg ard to provide single
operato capabiliy when plart operationa
procedurs haw matured

The bast contrd ard protection functiors
are performe by the subsystmn distrib-
uted proces controlle ard the interlock
logic system The® can be controlled
directly by the plart operatos throudh the
subsysten colorgraphis terminak or by
the operation& contrd systen computer
Continuois monitorig ard alam func
tions will accomplis an orderly shutdom
in ca® a subsysten malfunctions

The collecta subsysten is controllal
through the heliosta array controlle
computers The daf acquisition systen is
designé to collect arrange ard store up
to 1,0® channet of datl in addition to
the dat availabk from the operation con
trol system Data acquisition systen
sampe rates vary from one secom to ten
minutes during normd operation In the
evert of a plart malfunction a selecte
s¢ of parametes are monitorel a a
much faste rate (e.g, 10 millisecond$
as a diagnostt aid.

The operatiom contrd systen will be cap
able of fully automatc coordinated con
trol for a clea day scenarigp with pro-
visions included for future expansia to
intermittert cloudy day automatc con
trol.
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2.2.17 Receive Subsysten

The full size 70-tuke prototype pané ted
was completel aa DOES Centrd Receive
Ted Facility (CRTF) The tess were
extremey beneficid in promotirg under
standirg of the ability of the contrd sys
tem to maintan stean ard panel-surfae
temperatue within require limits. As a
resut of the tests the pilot plart contrd
approab has been modified to include the
following input parameters

discharg stean temperature

* pané tube ard "badk wall" temperaturge
incidert flux, ard

wate flow.

2.2.18 Electric Powe Generating
Subsysten

Approximatey 90% of the desigqy effort
was completel by the erd of FY 198Q In
addition to the turbire generator which is
being fabricatel by Generd Electric
long-lead procuremerg were placeal for
all  hardwae including pumps tanks
feedwate heaters deaerator cooling
tower, condenser demineralizer elec
trical cable transformers switchirng gear
ard an uninterruptibé powe supply

2.2.19 Site Construction

» Sola Facilities—Tte preliminay earth
work, Visitors Center collecta field
foundations ard receive towe founda
tions were completa this year Awards
were mace ard work was alo begun on
additiond constructim package includ
ing collecta field electricd wiring,
warehouse receive towe  stee
thermd storag ard plant suppot steé
and foundations the therma storag
tank amd maja mechanick compe
nents Figures 2-20 ard 2-21 shav
FY 198 constructim progres ard the
on-site Visitors Center which opene in
July.



Figure 2-21  Visitors' Center at the Pilot
Plant Site

The heliosta mirror assemblis are
being fabricatel a Pueblg Coloradg
and will be shippel to a Daggett Cali-
fornia, airpott hanga for final heliosta
assembly  On-sie installation  will
begn in FY 1981

* Turbine-Generato Facilities—Tle first
phag of site activities was completel
in April. Constructio included wate
wells, an acces road administratio
building, temporay electricd power
ard site perimete fencing The secon
pha® of site activities will be initiated
shortly after the beginnig of the nex
fiscd yea armd will include mechanich
hardwae installation piping, contrd
building, ard electricd construction

2.22 Storage-Couplel Systens

The god of the studies on the storage
coupled systens is to devel@ technologis
for improving the cog effectivenes ard
increasig the potentid breadh of appli
cation of the centrd receiver Five
receive  heat-transpdr fluids—water
salt sodium air, ard helium—hae been
proposed for storage-coupkk applF
cations A simplified schemat of a first-
generatio water/steen systen is pre
senta in Fig. 2-22 This desig limits the
systen performane becaus it contairs
two separag stean loops stean from the
receive ard stean from storage The
stean generatd from the receive is a a
highe temperatue ard pressue than the
stean generatd from storag (520°CQ
10 MPa comparéd with 280°CB MPa)
The stean generatd from storag is a
the lower temperatue becaus (1) the
maximun operatig temperatue of the
storag fluid is 300 C, ard (2) ther is a
temperatue drgp associaté with the
transfeé of enery in the two hea
exchangers A dual-admissio turbine is
required to efficiently accep the stean
at the two different inlet temperaturs
and pressures

Even thoudh the cog of the turbine in an
electricd generatig systen is a smal
percentag of the totd systen cost it is
cost-effectie to increag the turbine
efficiency primarily becaus it reduce
the numbe of heliostas requirel for a
given output Thus emphas has been
placedl on minimizing heliosta coss ard
developig techniqus for improving the
efficiency of sola centrd systems Three
promisirg technologis for improving the
efficiency were defined in preliminay
studies conductd by Aerospace Sandia
and others The® studies indicake tha it
may be possibé to improwe the efficiengy
of sola centrd receives by usirg alter
native "working fluids" in the receiver
Specifically four candida¢ materiab
were selected air, helium molten salt
ad sodium The air ard heliun are
coupled to a Brayton-cyce turbine the
drav sat ard sodium are couplel to a
Rankine-cyct turbine
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Figure 2-22 First Generation Water/Stean Systen

In the Brayton system Fig. 2-23 the hed
transpot fluid is al®o use to charge ard
discharg@ the storag@ medium Braytm
turbines are desirabé becaus they are
compatibe with cyclic loadig ard haw
high efficiencies In the sodiun ard sat
systems Fig. 2-24 the working fluid may
be usal as the storag medium however a
hea exchange is requira to transfe the
enery to a Rankine-cyad turbine loop.
This configuration is highly desirabé
becaus it is possibé to haw high
temperatue storage ard the turbine neel
only operaé from stean a ore tempera
ture ard pressure Thus high efficiency
rehea turbines can be used In addition
the turbire is isolata from the short-tem

T =840° C

the

impos&  on

insolation transiensg

receiver

2.23 Repowering/Retrofit

A step towad the realizatiom of large
scak applicatim of sola enery was
taken when DOE issua@ a solicitation in
March 198 for conceptuh desigqn studies
of utility repowering/industria retrofit
systens employirg sola centra
receivers Twenty-two response were
evaluated ard twelve were selecte for
funding The® studies are augmentd by
one conductd in 198 [1] ard by a
privately funded design study.

|
| &2

1 Recuperator

Figure 2-23 Brayton Systen
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Figure 2-24. Salt/Sodium Systen

Eight of the 14 studies are for electric
utility repowerimg of existing oil or natu
ral gas generatig plants The othea 6 are
the first site-specift studies of the use of
sola centrd receive systens for indus
trial proces heat The® 14 studies exam
ine a wide rang of differet designs
working fluids, ard applications The
industrid processg include gypsum boad
drying, oil refining, enhancd oil recovery
uranium ore processing naturd gas pro-

O Electrica | Generatio n

D Industria | Proces s Heat

cessing ard ammona production Two
poste boad displays of thee conceptuh
desigh studies are in active use in public
meeting around the country A mag
showirg the site locatiors for the desig
studies including the earlie@ stud/ at
Albuquerque New Mexico [2], is shown in
Fig. 2-25 ard summarie of the projecs
are presentd in Tables 22 ard 2-3. Brief
summaris of the 14 projecs follow.

Figure 2-25 Site Locations for Utilit y Repowering/Industrial Retrofit Systens
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Table 2-2. Electrical Repowering Conceptud Desigrs

Plart Sola Numbe of Receive Receive Towe Storag
a Size Heliostas Type Temperatue  Height (m) (h)
Arizona Publc 110 MW, 10,5@ Cavity 109 1% 4
Servie Sat
El Pa® Electric 41 MW, 27® External 100 146 0
Wate
Public Servie 25 MW, 4085 External 109 120 0
of New Mexico Wate
Public Servie 30MW, 22% Externat 1012 110 0
of Oklahona Wate
Sierm Pacific 77 MW, 841 External 109 19 5
Powe (NV) Sat
Southwestar 57 MW, 480 Externat 11® 95 Buffer
Public Servie Sodium
(TX)
Texas Electric 50 MW, 472 Externat 1@ 110 1
Servie Sodiun
Wes Texas 60 MW, 788 Externat 110 1 4
Utilities Ca. Sodiun

(Privatey funded

Table 2-3. Retrofit Industrial Proces Hea Conceptud Desigrs

Plart Sola Numbe of Receive Receive Towe
Size Heliostas Type Temp (°C) Heigh (m)

ARCO-Naturd Gas 95 MW 320 Externat 560 61
Refiney (CA) Oil

Exxon-Oi 293 MW, 818 Cavity- 567 0
Recovey (CA) Wate

Gulf R&D-Ore 139 MW 383 External 39 37
Refiney (NM) Wate

Providen Oil 43 MW, 1174 Externai 520 93
Refiney (AZ) Wate

U.S. Gypsum 105 MW, 460 Cavity- 1335 61
(TX) Air

Valley Nitrogen #A MW, 1040 Cavity- 145 76
(CA) Gas
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2.2.31 Electrical Repowering Projects

Arizona Public Servie

Prime Contractor Arizona Public Servie

Co.
Subcontractors Martin Marietta Corp,
Badge Energy Inc., Gibbs & Hill, Inc.

The plan developéd for this sola repower
ing projed uses a centrd receive powe
tower with molten sat (60% NaNGQ;, 40%
KNO3) as the receive hea transpot
fluid. Fou hous of therma storag a
112 MW, is provided by a storag sub
systan composd of an internally
insulate hot sak tark ard an externally
insulatel cold sat tank The sola plant
interfaces with the origind man stean
line to the turbire inlet ard the feedwate
line to the fossl fue stean generator

A schemat of the Arizona Public Servie
Compary Project shown in Fig. 2-26 is
typica of all the electricd repowerim
projects

El Pa® Electric Co.

Prime Contractor El Pa® Electric Co.
Subcontractors Store & Webster West
inghoug

The preferrel configuratiom for sola
repowerirg of the plant is an advancd

Insolation

o
Fredawals
Healer

Figure 2-26

Arizona Public Service
Compary Sola Repowering
Project Schematc

externd water/steen centrd receive
with pumpel recirculation This technot
ogy, unde developmet by DOE, can pro-
vide 538C (1000°F man ard rehea
stean a 10.I7 MPa (149 psig to the tur-
bine-generatar This technology known
throughod the utility industry was
selectel to utilize commerciall/utiliy
boiler design approache usirg conven
tiond boiler materiat with known prop
erties Therma enery storag systens
are na required ard therr absene lowers
cod ard increass reliability.

Public Servie Co. of Oklahona

Prime Contractor Blak & Veath

Subcontractors Publc Servie Co. of
Oklahoma Babco& amd Wilcox Co,
Bailey Controk Co.

The conceptubhdesig includes an externa
water/stean receive configural as a sec
tor of aright circular cylinder. The sola
receive generate superheaid stean tha
is piped to the fossi boiler. The sola ard
fossl stean generatos will operaé in
paralle|l resultirg in a hybrid plant In
this operatig mode therma storag is nat
required There are two sola receives
for this project ore for the man stean
suppy ard the secom for the rehea
stean supply Sola stean generatio for
the plart is expectd to displa@ the
equivalen of a leags 100,0@ barrek of
oil pe year

Sierma Pacific Powe Utility

Prime Contractor McDonnel Douglas

Subcontractors Sierma Pacifc Powe
Co., Stearns-Roge Services Deset
Researh Inst, Foste Wheele Devel
opmen Co, Universiy of Houston
Westinghous Electric Co.

The conceptubl desigy is a molten salt,
storage-butferé system  The fluid is
heatel in the partid cavity receive
566°C (1050°F) The ha molten salk
flows to the therma storag tanks where



a storag capaciy of approximatef six
hours is provided Sal is withdrawn from
storag to generag¢ stean for the turbine

Southwestar Public Servie Co.

Prime Contractors Generh Electric Co,
Enery Systens Prograns Department

Subcontractors Southwestar Public Ser
vice, Kaiseg Enginees

The baseli®m conceptuh design is a
sodium-coold sola centrd receiver The
stora@ providel for the plart will be lim-
ited to approximatel 10 minutes a levd
sufficient to buffer the totd plant outpu
from sola transients The 10-minuk sys
tem will function the sane as a large
storag systen ard thus will demonstrag
adequatel the storag concep for future
plants

Texas Electric Servie Co.

Prime Contractors Rockwel Interna
tional, Enery Systens Groy

Subcontractors Stearns-Roge Services
McDonnel Douglas Universiy of

Houstm

The receive is the externd type, ard hed
is absorbd by the liquid sodium flowing
through the receiver Therma storag
acts as a buffer betwea the receive ard
stean generator minimizing the effects
of ary receive therma transients The
sola portion of the plart is integratel
into the existig plart by a tee in the
feedwate line 0 the flow can be split
between the boiler ard the sodium-te
watea evaporato unit, in accordane with
the relative powes to be extracte from
each

Wed Texas Utilities Co.

Participans (privately funded) Enery
Rockwel Internationd Systens Group
Weg Texas Utilities Co, University of
Houstm
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The sola centrd receive systen consiss
of a sodium-coold receiver Therma
storag is bufferad betwea the receive
and stean generator minimizing the
effecs of receive thermd transients
The sola portion of the plart is integratel
into the existig plart by a tee in the
feedwate line so the flow can be split
between the boiler amd the sodium-te
wata evaporato unit.

Public Servie Co. of New Mexico

Prime Contractor Public Servie Co. of
New Mexico

Subcontractors Stearns-Roge Services
Westinghous

The baselie centrd receive desig is a
once-throu type water/stemn boiler.
The desigh of the collectos ard the sola
receive was basel on the preliminay
desigqn of the 10-MW, Barstow Californig
pilot plant The conceptubdesig for this
systen was complet@ in Septembe 1978

2.2.32 Industrial Proces Heat
Repowering Retrofit Systens
ARCO Oil ard Gas Co., North Coles

Levee Plart No. 8

Prime Contractor Northrup Inc.
Subcontractar ARCO Oil ard Gas Co.

This sola retrofit systen is beirg
designé to raie the temperatue of a
reservoi of hed medium ol (HMO)
(somethiry like 10-40 mota oil) directly.
At design conditiors (hoon summe sol
stice) the sola systen will suppy 95 MW,
or approximatel 90% of the hed nor
mally suppli@ by the plants existing gas
fired heaters The projed includes con
structin of a 19-heliosta pilot moduk
during the design phase This towerles
moduk will be interfacal with the exist
ing plant ard will provide four montrs of
operatirg experiene before the statt of
the full projed construction The totd
projed coud be designd ard built in
abou three years



During perioss of sufficiert insolation all
the HMO tha normaly flows to the
heates is divertad throudh the receive
and badk to the heaters The heates then
top off the hed requiral to maintan an
outlet temperatue of 302C (575°F)
Fud flow to the heates is automaticaly
controlled to ensue the corred hed
input, or to carry the entire plant load
during periods of insufficiert insolation
This metha of interfacing the sola ard
nonsola HMO systen offers severd
advantages all sola enery collectal is
used all hea suppliel by hea recovey
units is used dired heates are main
tained a operatig temperatue amd can
respom rapidly to transiem conditions
systen contrd is extremey simple ard
there is minimum interruptian of existing
plant operation A schemat of this proj-
ect is shown in Fig. 2-27.

Exxon Corp, Edism Field

Prime Contractor Martin Marietta Corp.
Subcontractors Exxan  Corp, Foste
Wheeler Blakk & Veath

The particula concep being studiel util-
izes a centrd receive sola therma
powea systen to repla@ the combustio
of oil for generatio of stean usel for
Sola Thermd& Enhancd Oil Recovey
operation Standad pumpirg techniqus
can produ@ only a smal portion of the
crucde oil from undergroud reservoirs

Figure 2-27.  Arco Oil and Gas Com-
pany Sola Repowering
Project Schematt

The decreas in grourd pressure couplel
with a high flow resistane in the oil-
bearig formations causs productin
rates to fall belovn econome levels while
abundabh amouns of oil remain Further
more a larga portion of the world's
known reserve consis of particularly
heavy viscows cruce tha canna be
pumpel a all. As availabk crude olil
reserve are depletel ard prices escalate
variols method of enhancig production
capabiliy hawe been developed The mog
cost-effective proces is the injection of
stean into the reservoir This heat ard
pressurize the formation allowing the oil
to flow to recovey wells wher it is
pumpel by normd means Stean gener
ators with outpu ratings of 22 MBtu/hr
ard 25 MBtu/hr are presenty usal a
Edisn Field The baselire desigh sola
systen would produe 23-Btu/lr avera@
over a typicd year Pe& nomn winter
solstiee outpu would be 293 MW (100
MBtu/hr). This projed could be designe
ard built in less than three years

Oil-bearing geologica formatiors provide
a high hea capaciy ard low-thermal-los
buffer thermd storag capability, so that
intermittert shutdom a night ard during
cloudy periods can be tolerated A sche
matic of this projed is shown in Fig. 2-28

Gulf Researkh ard Developmeh Co. Mt.
Taylor Uranium Mill

Prime Contractor McDonnel Douglas
Subcontractors Gulf Research Foste
Wheeler University of Houstm

Figure 2-28 Exxon Corporation's Edisan
Field Oil Recovey Sola
Repowering Project
Schematc



A sola centrd receive will operagé in
paralld with two oil-fired boilers to pro-
vide stean to a uranium mill. Sola
enery will be usel to produe a leag
20% of the plants annu& stean require
ments The sola enery will displa@
22,6M barrebk of No. 2 fud oil annually
This projed could be designé ard built in
abou three years

The receive is a natura circulation boiler
that will suppy saturatd stean at
150 psig to the mill processes The fossl
boilers with a 13.51 turndown ratio, will
be operate in paralld with the sola cen
tral receive stean generator Steanm
demaml ard availabk insolation will
determire the ratio of use of sola
steam No storage is necessar for this
demonstratia project A schemat of
this projed is shown in Fig. 2-29

Providen Enery Co. Mobile Refiney

Prime Contractor Foste Wheele Devel
opmern Corp.

Subcontractors Providen Enery Co,
Inc., McDonnel Douglas Foste
Wheele

The objective of this projed is to prepae
a conceptub design for a centrd receive
systen tha will provide practica ard
effective ue of sola enery in an oil
refinery. The net annud input from the
sola plant 3% x 10° Btu, will suppy
20.86 of the annua refinely stean

Gulf Mineral Resources
Company's Mi. Taylor
Uranium Mill Sola
Repowering Project
Schematt

Figure 2-29

demand The proposd sola plant would
displa@ abou 445 x 10° Btu, or abou
71,4® barrek pa yea of the fud oil pro-
ducal by the refiney that would other
wise be burnedin the fossl boiler. This
projed coud be designd ard built in
abou three ard a haf years

The proposd baselire sola enery systen
consiss of a tower-mounted natural-cir
culation water/steen receive with an
exposd flat-pané absorber The receive
generate saturatd stean that is super
heatel to the desirel temperatue in a
separag oil-fired superheate before it
entes the man refinely superheatk
stean header As currenty planned the
refinerys fossl boilers will be operatim
during sola operation but a a very low
output The contrd systens function is
to modulae the fossl boiler outpu in
respons to the stean heade pressue to
vary stean flow to satisy refinely
demands A 3-minue pressurizd wate
buffer storag is provided to proted the
refinety from cloud transients A sche
matic of this projed is shown in Fig. 2-30

United States Gypsun Co., Swed water
Tex

Prime Contractor Boeirg Engineeriny
Subcontractors U.S Gypsum Co, Insti-
tute for GasTechnolog

The sola retrofit systen will suppy solar
heate&l air during insolatim hous to a
wallboard-dryirg kiln a the USG Sweet
wate plat in place of air heatel by

Figure 2-30  Provident Energy Com-
pany's Sweetwate Plant
Solar Repowering Project
Schematt



naturd gss combustion For the No. 2
kiln, this would represet a saving of
abou 25% of the yearly gas usage The
solar-heatd air would be mixed with kiln
recirculatirg air ard passd ove wall-
boad moving throudh the kiln in a 14-hich
dedk arrangement This hot air dries the
boad as it moves throudh the 61m
(200-ft) long kiln. This projed could be
designel ard built in abou two years

Compressé air would be heatel to a max
imum of 724C (1335°F in the receiver
expandd throudh a turbine which drives
the compressar ard delivere to the two
furnaces of the boardkiln a temperature
up to 500C (932°F) A schemat of this
projed is show in Fig. 2-31

Valley Nitrogen Producers El Centio

Ammonia Plarnt

Prime Contractor PRF Engineerigy
SystemsInc.

Subcontractors Valley Nitrogen
McDonnel Douglas

The objectie of this sola repowerimy
projed is to displa@ naturd gas presenty
usa in the combustim chambe of the
primary methane-stea reformer A sola
centrd receive is the baselire system It

insolation

Combustion
Chamber

Helioslals

Natural Gas =———m

= Compressor

Furmaces

Board Kiln

'

Exnaust

Figure 2-31  U.S. Gypsum Company's
Sweetwate Plant Sola
Repowering Project
Schematt
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will operae in parallé with the existing
fossil-fired reformer This configuration
will provide a pe& sola utilization of
34 MW, or atotd annua contribution of
23%. Otha than the production of stean
in a separag boiler, the reforme is the
only maja enery consume in the fertil-
izer manufacturig plant This projed
could be designd ard built in abou four
years

The proposd baselie systen employs a
sola centrd cavity-type receive operat
ing in paralld with the existing fossik
fired reformer Methare ard stean flow-
ing inside the receive tubes read cata
lytically to form a hydrogen-rith produd
gas utimately usel to prepae ammonia
The sola retrofit's characteristis and its
interface  with the existig plant are
simple incorporatiy  state-of-the-ar
componerd with proven technology The
retrofit does not alter the normd plarnt
operation No storag systen or comple
contrd is required The sola reforme
will be directly connectd to the fossl
reforme by an insulat@l piping system
During the day, a fraction of the proces
flow will be routed to the sola reforme
and the enery will be provided by the
heliostd field. At night, all of the pro-
ces flow is routed to the existing fossi
reformer ard the sola reforme is shu
down A schemat of this projed is
shown in Fig. 2-32

Insglation

Foss Relgrmer ‘

Fluegas

Steam

Heat Recovery

Figure 2-32 Valley Nitrogen Producer's
El Centro Ammonia Plant
Sola Repowering

Schemattc



2.24 Cogeneratin

Cogeneratia refers to the combine pro-
duction of electricd and/a mechanich
enery amd othe usefd heda energy The
expectel increasd efficienoy ard the
potentid fud saving in systens makirg
use of cogeneratio applicatiors ard the
identification of industrid proces hed
markes for sola cogeneratio resulta in
DOE initiating a sola cogeneratio solici-
tation throudh the Sola Centrd Receive
program A Reques for Proposad was
issua in April 1980 in July, seven pro-
posat for design studies were selectd for
negotiation

The seven proposad selecte include a
wide range of geograpltc ares ard
addres severé potentid applicatiors not
previousy explored i.e, sulfur mining,
coppe smelting enhancd oil recovery
naturd gas processing suga mill
operations ard spae heatirg ard cooling

Sola cogeneratin offers severd potentid
advantage ova convention& powea gen
eration the use of sola enery can
redue@ the consumptia of fossl fuels the
hea producel as a by-produt¢ of the elec
tric powe generatio can be usefuly
applied rathe than simply beirg dissipate
as waste amd the highe efficiencies
inherent in cogeneratin can redue the
amourt ard cog of the sola collection
equipmen required

Ead of the proposad was submittel by a
designer/builde for a particula existing
industrid or commercia application The
designer/builder application ard site for
ead proposa follow.

* Generd Electric Co, with Texa Guff
Chemicas Co, will stud/ usirg sola
haot wate ard stean for electricity
and proces heda for sulfr mining
wells at Fort Stockton Texas

* Gibbs ard Hill, Inc., with Phels Dodge
Corp, will stud/ using sola heate air
for electricity ard coppe smeltirg at
Playa New Mexico.
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» Exxon Researb ard Engineerig Co,
with Pacific Gas ard Electric Co. will
study usirg sola stean for electricity
and enhancd oil recovey a Exxons
Edisn oil field nea Bakersfield Cali-
fornia

 Bechté National Inc., with Amfac
Suga Co, will stud/ usirg superheats
sola stean for electricity, mechanich
energy ard proces stean a the Pio
nee Suga Mill on Maui, Hawaii.

* Bladk & Veatch Consultig Engineers
with Centrd Telephome ard Utilities
Corp, will study using sola stean for
naturd gas processig a an existirg
gas/electre utility cogeneratio plart
in southwes Kansas

* Westinghous Electric Corp ard the
United States Air Force Logistics
Commam will study using sola stean
to produe electriciy amd spae
heatirg ard cooling & Warne Robirs
Air Foree Base Georgia

* McDonnel Douglas Corp, with the
Departmeh of the Army, will studs
using solar-heatéd molten sat to pro
vide stean for electriciy ard for
heatig amd cooling a Fort Hood
Texas

2.25 WPRS Study

Following initial discussioa with ERDA
ard DOE, first begwn in 1975 regardimg
the potentid application of sola therma
centrd receive electrc powe generatio
technoloy to med increasd powe
demamn in the Southwest an Interageng
Agreememn was executd Februay 9,
1979 betwea the DOE Sa Franciso
Operatiors Office ard the Lower Colorad
Regiond Office of the Burear of Recla
mation (hov the Wate amd Powe
Resource Service—WPRS)Departmen of
the Interior (DOI). To implemen this
agreement$200,00 in operatilg expenss
was jointly funded by DOE ard DOI. This
providad for a one-yea "appraisal (equiwv
alet to "concep definition" in DOE
terminology of the feasibility of inte-



grating a 100-MW,.-scak centrd receive
poweg plant into tne Hoover-Parker-Dawi
hydroelectrc grid, in a way that would use
reservor storage capaciy in place of
thermd storag or fossil-fired backyp
capacity The appraisal complete in
Februay 198Q concludel tha 100 MWe of
sola pe& capaciy coud be reaaily
accommodat@ without modification of
currert hydroelectri¢ conservation wate
allocation or recreatim commitments
ard identified prime ard back-yp sites on
Federd land a Yuma Arizong ard
Mormon Mesa Nevadh (at the northen
erd of Lake Mead)

The sola plat would be installed some
where in the Lower Coloracd Region
When the swn is shining powe from the
sola plart would be carried by a connect
ing powerlire to a nearly substation
When the swin is na shining powe would
come from the hydroelectrc generators
The reservois in the hydroelectrc systen
would store energy in the form of retainel
watea when the sola plant is operating
ard genera¢ powag when the sun is not
shining Powe from the hydroelectrc
generatos would be carried to the sub
station by existig powerlines The sub
station would be the comma poirt for the
two generatig sources—th sola plan
and the hydroelectrc generators In this
way, powe customes would be assurd a
continuous dependald powe supply

The repot of the WPRS study, releasd at
the erd of September was usal as the
bass for a Servie budgeé submissia for
the next "feasibility," stag (i.e., prelim
inary design cod estimatesard econome
analysis) In mid-Septemberthe Servie
was advisel tha the Congres would
authoriz the feasibility study it is not
yet known whethe the require funds will
be providel in the regula or supplementa
FY 198l budge for the Service

2.3 INTERNATIONA L ENERGY AGENCY
PROJECTS

The Internation&d Enery Ageng (IEA) is
an associatia of countries establishd to

promoe internation& cooperatio in the
researb ard developmen of enery sys
tems Participatig countries in the sola
thermd IEA progran are Austrig
Belgium, Germany Greece Italy, Spain
Sweden Switzerland ard the United
States IEA projecs were initiated in
Octobe 1977 the initial term of the pro-
gran is 6 years The totd anticipate
constructim cod is $30 to $40 million,
ard the U.S shae is 20%

The primawly objective of the Smal Sola
Poweg Systens (SSP$ Projed¢ is to dem
onstraeé the feasibility of smal centra
station electricity generatio from a sola
hea source Two different engineerig
conceps hawe been selecte to compae
performance reliability, ard economis at
the sane site The particula desigqn fea
tures haw been chosa with a view com
plementig rathe than duplicatig exper
ience to be derivad from othe nationa
sola powe projecs nowv beirng planne&l or
unde construction They are to employ
availabke technolog with a minimum of
componeh researb amd development
The site chos@ is nea Almeria, Spain

Engineerig desigh was conductd to iden
tify as accuratg) as possibé the estk
mated projed¢ cost In March 1978 two
design contracs were placel ard were
awarded The centrd receive desig
concep was awardel to an industrid con
sortium headd by the German firm Inter-
atom  The distributed receive desig
concep was awardel to a consortium
heade by the American firm Acurex

2.31 Central Receive Systan

An array of sun-trackig mirrors focuse
sola radiation onto a smal receive cen
trally locatel a the top of a high tower
(Fig. 2-33) The heda collectd in the
receive is transferre to a working fluid
(liquid meta) which, in a suitabk engine
provides the mechanich enery to drive
the electrc generator



IEA Central Receive
Project

Figure 2-33

The final SSFS Centrd Receive Systen
has an estimate outpu of 500 kW.. The
anticipatel lifetime is 10 years ard
operation time is more than 250 hours
annualy at rated outpu in interconnecte
grid or stand-aloe moce (variabe outpu
10% to 100%) In this powe plant sola
radiation is concentratd by a heliostd
field with 3660 m? of reflective surface
The 93 individud heliostas of the Barstav
pilot plant design are arrangé to maxk
mize the sola enery input to the cavity
receive (9.7-nf apertur® locatel 43 m
abowe grourd in the tower. Sodiun is the
hea transfe mediun for the cavity
receiver Temperaturs a inlet ard out
let of the cavity receive are 270 (518°H
ard 530C (986 F), respectively A two-
tark therma storag systen is proposd
to be usal with this systen havirg sodiun
as a storag@ medium The stean outle
temperatue is 510C (950 F) with a ne&
electric outpu of 517 kWe.

The dat collection is performal by a
compute ard coves the real-time da@a
acquisition dat conversion ard display
as wel as plant performane analysis
Assumptios of thes calculatiors are to
be proven by the operatim of the projed
in Spain

2.32 Distributed Collecta Systen

Sola radiatian falling onto alarge numbe
of mirrors (Fig. 2-34 of shot focd lengh
iS concentratd onto pipewok containirg
a working fluid to which the hed is trans
ferred The fluid then transfes its hed
to a conventionh stean turbine Owing to
the large amoun of pipewok required
the desigh rating of 500-kW. outpu is
considerd the larges practicd size in
which this desigqn concep can be con
structel ard operated

An importart featue of the desigq is the
side-by-si@ location of two collecta
fields of equa size tha use different
approaches Ore field consiss of 10 loops
of 60 collectos manufacturd bv Acurex
the othe field consiss of 14 loops of
6 collectd modules develope by MAN.*
Both are the line-focusirg parabolc
trough type. The Acurex collectos track
the sin in a single-axs mode The MAN
collectos emply two-axis tracking to
maximize daily energy collection

The field arem for Acurex ard MAN
collectoss are 2674 m?> ard 268 n?

[IEA Distributed Collector
Project

Figure 2-34

*MAN-Neue Technologie a German firm tha is pat of the consortiim headéd by

Acurex



respectively the totd apertue area is
53&2 m*>. Collecta outlet temperatue is
295 C (563 F). Systens make use of one
tark thermoclire thermd storag with
thermad oil as storage medium

The hed transfeé ard powe conversio
systen has been designd with three hed
transfe loops The first loop circulates
low-temperatue oil throudh the collecta
field to the top of the storag tank the
secom is the sensibé hea oil storag
loop, ard the third circulates water/stem
which transfes hed from storag throug
the turbine to drive the electrc gener
ator.

2.33 Progress During FY 198

During FY 198Q the maja achievemerst
for the IEA Centrd Receive ard Distrib-
uted Systen Proje¢ were

e completion of critical design reviews
for both the centra receive systen
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(CRS ard distributal collecta systen
(DC9 plants

e stat of constructio for both CRS ard
DCS plants

o completim of CRS heliosta field foun
datiors ard field wiring,

e completim of DCS collecta founda
tions ard field wiring, ard

e stat of installatiom of both CRS ard
DCS equipmen at the site.

Importart plannel activities for FY 198l
are

» completion of all site civil work,

* installation of all CRS ard DCS equip
mert ard components

» complee functiond testing ard accep
tance testing of both the CRS ard DCS
plants ard

* beginnirg the planne&l two yeas of teg
ard operatiors of both the CRS ard DCS
plants
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SECTION 3.0

LINE-FOCU S CONCENTRATIN G COLLECTO R PROGRAM

The Line-Focis Concentratig Collecta
Progran of the Sola Therma Enery Sys
tems Division is responsil# for the devel
opmernn of matue line-focus concentra
ting collecta technology tha can be usal
in thermd enery applicatiors betwee
100C ard 550 C. The maja objectiwe of
the progran is to provide reliable enery
from sola radiation for appropria¢ utili-
zation sectos a the loweg possibé
cost  Accomplishig this objective will
permt line-focs systens to ente the
markd at the earlies point tha they
becone competitie with othea enery
suppliers

Experimens usirg the technolog in par
ticular applicatiors are being sponsord to
ensue the developmeh of complee sys
tems tha use line-focls concentratig
collecta technolog to maximun advan
tage The® experiments which are con
ductad in a nonlaboratoy environment
will encourag the private secto to
develpp engineerig capabilities for
designig ard constructiy commercia
systens ard will educa¢ the entire com
munity in operatigp amd maintenane
requirements

The Sola Therma Line-Focws Concentra
ting Collecta Progran is structure
arourd two maja technicd tasks

» technoloy developmen tha includes
the developmen ard evaluation of com
ponens ard subsystem of line-focus
sola enery systems ard

» systens ard applicatiors developmeh
that includes system-leve analytc ard
engineerig activities togethe with the
plannig ard implementatio of field
application projecs for line-focus sys
tems
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LINE-FOCU S SYSTEMS
TECHNOLOGY DEVELOPMENT

3.1

The god of this progran elemen is to
develp componerd ard subsystemm tha
ue midtemperatu line-focus sola col-
lection ard conversimm technologies The
objectives of the effort are (1) to bring
the applicabé technologis to a final stae
of developmet ard (2) to determire the
performance durability, ard operation ard
maintenane characteristis of the com
ponens ard subsystems Specifc sum
maries of FY 198) activities ard FY 1981
plars are presentd for (1) Linea Concen
trator Technology (20 Hemispherich Bow
Technology (3) the Midtemperatue Sola
Systens Ted Facility, ad (4) Storag
Technology

3.11 Performance Prototype Trough

Developmen of the performane proto
type trough bega in 19P as an effort to
apply lessos learn@ during the develop
mert of first-generatia parabolc trough
collectors The effort underto& to
improve pe& performane to 60% from
the 400 to 50% performane of first-
generatio troughs Also, durability in
terms of componeh life was to be
improved from les than 3 yeas to 20
years First-generatio desigrs did not
lend themselve to mas production a
featue necessar for achievirg low cost
consequently the newv effort emphasizeé
improved desigrs tha would be suitabk
for mas production

The first step in this projed was in-houe
development Tha resultal in the engt
neerirg prototype troudh which achievel
60% pe& efficiency. At the sane time,
different  manufacturig conceps were



investigatel to adap trough desigrs to
mas production processes Fou different
structurd desigs were obtaine from
industry. Prototype of the desigrs were
fabricatal from soft tooling amd were
testal as describe below. The final step
in the Performane Prototye Troud
Proje¢ will be to asseml# eah of the
four desigs into 24 (80-ft) drive
strings integrae them in adela T string*
with tracking amd contrd systems ard
perfom systen tests This proces will
provide reliable performance operation
maintenanceard cod data

Work performel on this projed during
FY 198 is summarizd in the sectiors
that follow.

3.1.11 Shea Metal Reflectar Structure

Using a mass-productio automotive-tye
shee metd stampim technolog for the
fabricatin of the sola collecta reflecta
structue apparentt offers a low-cog
approab to the maja cod item in the
collector. During FY 198Q the Budl
Compaly designed ard fabricatel proto
type tooling for 1- x 2im linea parabolc
stampel she¢ metd structure (Fig. 3-1)
with  adhesivegl bondel glas mir-
rors. Evaluatiors of tool-made sample of
thee structure indicae tha this mass
production technology can med the god
for surfa@ contou accuracy During
FY 1981 the 1- x 21m reflecta structurs
will be assembld into a complet collec
tor for evaluatiomn of thermal structural
ard environmenth performance The
Budd Company will gain sufficiert expert
ene with this manufacturig proces so
that reliable productiom cog estimats
can be made
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Shea Metal Reflecta
Structure

Figure 3-1.

3.1.12 Shee¢ Molding Compourd (SMC)
Reflectar Structure

Utilization of mass-productio automo
tive-type sheé¢ molding compoun tech
nology for the fabricatian of the sola col-
lectar reflecta structue offers anothe
low-cog approab to the maja cod item
in the collector In this approach the
glass mirror can be moldad into the
structure therely eliminatig the nea
for subsequeanbondirg operations During
FY 198Q the Budd Co. designd ard
fabricatel tooling for 1- x 1-m linea
parabolc SMC structure with molded-n
glass mirrors (Fig. 3-2).  Tool-mace
samples of thee structurs were eval
uated indicatig tha this mass
production technology can med the crite-
rion for contou accuracy During
FY 1981 the 1- x 1-m reflecta structure
will be assemble into a complee collec
tor for evaluation of thermal structural
and environmenth performance

*A delta T string is agroy of collectos assembléd togethe or controlled in sud a way as
to provide a specifia differene in temperatue betwea the inlet of the groy ard the
outlet from the group The differene in temperatue is dictatel by the thermodynanu
requiremend of the design ard the application



Figure 3-2. Sheé¢ Molding Compourd
Reflectar Structure

3.1.13 Sandwich Reflecta Structure

Using sandwit structures permits the
fabricatim of the collecta reflecta
structue in full-size modules of 2 x 6 m.
During FY 198Q evaluation was continuel
of steel-skinned/aluminum-cade honey
comb structures fabricatel by Hexcé
(Fig. 3-3). Experiene has shown that the
parabolc contou remainel stabke ard
there was no breakag of the chemicaly
strengthend glas mirrors fabricatel by
Corning During FY 1981 Parsos will
develp 2- x 6in honeycorb reflecta
structures in which glas mirrors will be
bondel to aluminizel steé skins in the
flat before forming the structure The®
reflectar structure will be assemblé into
a complee collecta for evaluation of
thermal structural
performance

ard environmenth

Hexcd Sandwidh Reflecta
Structure

Figure 3-3.

3.1.14 Laminated Glass Reflecta
Structure

Mass productiom automotive-tye wind-
shied manufacturig technology can be
utilized to thermaly form ard laminae
glass mirrors which can then be supporte
by a stee spae frame During FY 198Q
Ford Glas Division ard Pittsburdy Plake
Glas Industris saggd 1- x 1m glas
shees usirg the gravity-sag amd press
forming technique with production-tye
tooling. Evaluation of prototype mirrors
indicates that the contou accurag god
has almog been reached A mocky of
the spae frame to suppot the glas mir-
rors was completel (Fig. 3-4). During
FY 1981 both Fod ard PRG will develg
laminatel mirrors usirg a thin silvered
glass shee¢ laminatel to a thick glas
she¢ for structurd stiffness  The®
reflecta laminates will be assemblé into
a complee collecta for evaluation of
thermal structural amd environmenth
performance

3.1.15 Wind Loads Definition

The determinatioa of wind loacs on col-
lectors is necessar to enginee them with
sufficient structurd strengh in the col-
lectar design while minimizing the amourt
of materid used During FY 198Q pylors
for the collectos a the Willard Projed
were instrumentd to measue lift ard
drag forces to verify wind-tunné mea
suremerd taken the previows fiscd yea
by Colorad Stat University. Wind tunnd
test showel that pe& lift ard drag forces

Figure 3-4. Laminated Glass Reflecta
Structure



were factors of 2 ard 4, respectively less
than had been usal in the desig of first-
generatio collectors  Instrumentatia
checls a Willard confirmed the wind-
tunnd data

During FY 1981, pressue distribution will
be measurd on full-scak collectos to
correlae with pitching momen coeffi-
cients measurd in the wind tunnel

3.1.16 Receive Developmen

The nonevacuat® parabolc trough
receive has been identified as havirg the
bes cost/performane ratio for the
immediae future During FY 198Q test
ing a the Midtemperatue Sola Systen
Ted Facility (MSSTH usirg this receive
desig@ ard Custon Engineering Inc.
reflectos (Fig. 3-5 hawe resulta in 63%
pe&k nom therma efficieney a an outpu
temperatue of 315°C  Antireflection
coatel glas jackes were tried to see
whethe  performane of receives
improved Receive performane did
improve from 626 to 64% a 315°C
Mechanisms designd to accommoda re-
ceive expansia are beirg evaluate on an
accelerated-tim teste designd ard
fabricatel by EG&G. During FY 1981

receive assemblis will be evaluate for
thermd ard environmenth performance

Figure 3-5 Nonevacuate Parabolic
Trough Receive Testing at
the Midtemperature Sola
Systens Ted Facility
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3.1.17 Black Chrome Selective Coating
Developmert

Receives for parabolc trough collectos
require a coatirg with high absorptane in
the visible spectrum ard low emittane in
the infrared spectrum Bladk chrone has
been utilized widely as a selectie
coating but its durability a temperature
abowe 260 C is a significart problem
During FY 198Q laboratoy researh pro-
granms hawe systematicall examine caus
and effed relationshig in plating chem
istries so tha the beg plating proces can
be specified During FY 1981, the proces
specification will be checke in an indus
trial plating sh@ usirg full-scale tanks

3.1.18 Insulated Metal Hose for Thermal

Transport

Insulatel metd hose are useal to conve
hea transfe meda betwea the sola
receive ard the field distribution piping
The hos does not interfere with the
receive tracking motions ard is not
affected by the thermd expansios ard
contractios of the thermaly cycld
elemens of the field. During FY 198Q
proposat were solicited from leadirng hose
manufactures for a developmen ard
testig effort to determire the impad of
variables in the design ard deploymen of
hoses upm their durability. In the absene
of acceptald proposals a ted progran
was undertake to determire how long
candida¢ producs would lag in typicd
use A teste was designd ard built, ard
hoses from variols manufactures are
currenty undergoilg testing During
FY 1981 testirg will continle to deter
mine the bes deploymen configuration
define expectd hos life, ard evaluaeé
insulatig materiab for cost-effectie
conservatia of collectal energy

3.1.19 Dirivers

The driver for line-focusirg collectos is a
mechanim for rotating a string of collec
tors for tracking the sun ard for stowirg



the collectors in a particula orientation
Activity during FY 198 concentratd on
defining the size ard performane
requirements investigatig potentid sup
pliers, ard developiy a ted stard
(Fig. 3-6 which has the capabiliy of
measurig performane of drivers unde
various load conditions During FY 1981
drivers will be procured testal on the ted
stand ard incorporaté into a collecta
systen for evaluatiom of mechanich ard
environmenté performance

3.1.1.D Tracker/Controller

The tracker/controlle perforns the inte-
grated functiors of collecta tracking
fluid control systen safeties monitoring
and systen statis display During
FY 1980 Honeywel designd a prototype
tracker/controlle utilizing micro-
processo compute technology During
FY 1981 breadboat ard productiomn pro-
totype versiors of the tracker/controlle
will be evaluated
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Figure 3-6. Test Stard for Measunng
Performance of Drivers
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3.1.1.1 Fluid Control

Contrd of the hea transfe fluid temper
ature is necessar to obtan the highes
possibé temperatue without exceedig
the temperatue limits of the fluid ard
receive tube Contrd is alo requiral to
maintan relatively constah outpu tem
peratue unde widely varying conditiors
of sola input During FY 198Q compute
simulation studies of a proposéd contrd
concep were completed The concep
consiss of a motor-driven contrd valve in
eat delta T string of the collecta field.
A simplke proportiond contrd algorithm
operatirg off the outpu temperatue of
the delta T string wasuseal to contrd the
motor-driven valves The simulation re-
sults indicateal that the objectives of hold
ing the outlee temperatue within
28 °C (5 °F) unde steag conditiors ard
within 28 C (5C° F) unde transiem condk
tions coud be satisfiel with the proposd
contrd concept Tess of the proposd
concep were performal on a 73m (240
ft) string of collectos a the MSSTE The
ted resuls confirmed the simulatiin
studies showirg tha stabk contrd within
the desirel temperatue tolerance can be
achieved During FY 1981 efforts will
consig of incorporatig thes fluid contrd
conceps into Honeywells Tracker/Con
troller design

3.1.1.2 Piping Layout Studies

A paralld stud/ focusirg qn the plplf%
layou for a modula 4645-nf (50,000

parabolc trough collecta field was con
ducted during FY 198 a Jacols Engk
neerirg ard Sanda Nationd Laboratories
Albuquerge (SNLA). The modula desig
concep is desirabé becaus the high coss
of custon systen desigrs can be elimi-
nated ard the uniformity ard reliability of
sola collecta fields will be increased
Desigh points usal in the stud/ were con
cernagl with therma ard electrica
parasities capitd costs amd collecta
performance The annu# parasitc cog of
operatirg the modula field was use as
the criterion for determinig the beg



modula field design Various field desigrs
were considerd by changiry the pipe ard
insulation sizes the lengh of the dela T
string, and the spacilg betwea& rows of
collectors Sensitiviy analyss was usal
to determire hov wel the minimum
annual-cos modula field perfornms unde
different operatirg conditions  During
FY 1981 a desijm manud for piping
layouts will be developed

3.1.1.3 Hea Loss in Collectar Field
Piping Installations

The effecs of thermad conditiors of col-
lector field components—siic as piping,

valves ard receive tubes—ao daily inte-
gratel field hea loss was evaluatd quan
titatively during FY 198 in the Heda Loss
Ted Loop (Fig. 3-7) of the MSSTE  Signt
ficant thermd losses were fourd to occu
() in piping manifolds* (2) in valves
gauges ard pipe anchors ard (3) from
thermosiphonig in pipes Computatios
of sola collecta field performane
typically underestimag the magnitue of
thermd losses ove the entire field
becaus they ignore the effects of thee
components

Hea loss in piping manifolds is a principd
parasitc factar tha decreasg the
thermd efficieney of parabolc trough

Figure 3-7. Heat Loss Ted Loop at the Midtemperatur e Solar
Systens Ted Facility

*A manifold is a pipe with severé& laterd outlets for connectilg ore pipe with others



collecta fields. Valves gauges ard pipe
anchos can alo haw maja effects
becaug they are usualy highly conductie
and uninsulated They ad as a dired hea
path from the piping throudh the pipe
insulation to the outsice air. In a well-
insulated piping installation sud compe
nents may, in fact, represehthe dominan
path for thermd hed loss in a collecta
field. They not only cau® thermd loss
while the fields are operating they als
accelera¢ thermd losse overnigh as the
collecta field ard associaté piping cool.

Another primaly soure of acceleratd
thermd loss during overnigh cooldown is
thermosiphoning a mechanism  wherely
convective currens circulae within the
hot fluid as a resut of the temperatue
difference sd up by colde components
Thermosiphonig also occus betwea cold
receive tubes ard hot insulate piping
manifolds

During the first partt of FY 1981 arepot
will be producel tha summarize this
work ard tha addresse gener& hed loss
in parabolc trough collecta fields. In
addition new pipe anchao desigrs will be
evaluated

3.12 FEMDE Hemisphericd Bow

Technology

DOE has examine fixed-mirror, distrib-
uted-focis (FMDF) technology develop
ment a the Crosbytm Sola Powe Proj
ect, supplementé by a low-priority line-
focus technology developmen program
Thes are discussd in the sectiors that
follow.

3.1.21 FMDF Technolog/ Developmen
Project
Fixed-mirror, distributed-focs  sola
enery technoloy uses large hemk
spherical fixed-apertue collectos to
concentra@ sola enery on tracking
linear receivers FMDF systens operae
at temperature up to 75C¢ C ard haw a
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broad range of applications However
becaus of their fixed apertures their
annuad enery production on a unit bass is
less then tha for tracking systems Using
an FMDF, therefore is economici only if
systens can be producel a low cog o0
that performance/cdsratios are compet
itive with othe sola enery technologies

During FY 198Q FMDF technoloy devel
opmen consisté of preparilg a progran
plan ard a simulation modé of a 5-MWe
powa plart ard investigatig stresse in
sphericaly curved glas mirrors The pro-
gran plan emphasize desigqqn ard devel
opmert of components subsystems ard
systens to improve both performane ard
econome¢ potential The plan entaik a
low-cog progran ard provides for cost
sharirg projecs with the private secto
when analyse shaw tha the economis
are favorable The plan is being amendd
on a relatively low priority in line with
changimg sola enery policies

The simulation modé employs SOLTES a
general-purpos coce for evaluatig the
performane of sola enery systems The
code was usal with a 5MWe powe
plant SOLTES incorporats a variable
small-communi electricd load ard the
TMY weathe data The modé includes
the maja componerg of a powe plant
collectors turbines etc.—aml a complee
two-phag piping netwok ard thermoclire
storage At the erd of FY 198Q the
modd was complee excep for the
thermoclire storage Worlk is continuirg
on the mathematich mode of the storag
component

To kee the cog of FMDF systens low,
elasticaly formed commercial-grad
float glas was usa as the reflective
materid for FMDF mirrors.  Although
mirrors mace from this glas haw shown
godd resistane to impad in hail tess ard
to thermd cycling in developmen tests
they haw crackel unde exposue to locd
low-levd temperatue radiation cause by
multiple-boune reflectiors on the surfa@
of FMDF collectors In FY 198Q two con



tracts were placed to analyz stresss in
sphericaly curved glas mirrors  The
first, with Shel tech Associatesis for an
analyticd determinatio of stresses the
other, with the Navd Researb Labora
tory, is to determire stresse experimen
tally. The® contracs will be completel
InFY 1981

3.1.22 Crosbyton Sola Powe Project

The Crosbytm Sola Powe Projed¢ began
in 196 with an effort to develgp a con
ceptud desiqy for a 5MW, sola powe
plant to serwe the city of Crosbyton
Texas Tha conceptul desigh was the
bass for the desigh of the Analog Design
Verification Systen (ADVS), for which
constructimm was complete in FY 198Q

The ADVS (Fig. 3-8 is a scaled-dow
version 20 m in diameter of a 60-m
diamete collecta planne& in a 10-modué
array for the Crosbytmm sola powe
plant The ADVS consiss of 43
sphericaly curved glas mirror panels
eahh abou 1 m*, tha focus incomirg
sunlight onto a 5.5-m-lorg receive mack
up of two helicaly wourd 0.635-en (0.25
in.) ID tubes The® tubes are the sane
diamete ard lengh (12 m) as thos
projectal for the full-scale system In

line with the bowl collecta concept the
panes

mirror are fixed, providing

i !

Figure 3-8. Analog Desig Verification
Systen 20m Bowl
Collector
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potentialy  low-cost ruggel  mirror
structures Tracking the swn is accom
plished by moving the receiver The
receive operats as a boiler heatig
incoming watea to provide stean up to
538°C (1000°F ard 6.8 MPa (100 psi).

The ADVS has provided experimenth data
for more than ayea [1]. The mog impor-
tant finding is that a bow collecta can be
built tha produce usabé enery as
efficiently as prior studies had predicted
At sola nom on July 29 198Q the swn
passd normd to the ADVS's aperture ard
the collectad thermd efficienoy was
measurd at 63%

Experimenta dat hawe shown a very high
degree of accurag in analyss techniqus
and compute codes usa in the early
phass of the project The dat will make
possibé even more detailed performane
and design analyss as the projed pro-
ceed towad constructim of the full-
scak system Operation of the ADVS has
provided mary practicd insights tha can
be incorporatd in subsequen plars ard
designs Continuel operatiom will add to
the body of experiene ard dat tha will
(1) provide detailae information abou the
bowl collecta concep ard its potentid
application ard (2) serw as the bass for
the final desigh of the Crosbytm sola
powea plant

Sone technicé questios abou bow tech
nology reman unanswered the larges
uncertainy in the technologys com
mercid future is its cost A preliminay
design of the full-scale collecta tha will
be developd will identify in detal
significart elemeng of fabrication ard
constructiom costs

3.13 Midtemperatur e Sola Systens
Ted Facilit

The Midtemperatue Sola Systens Ted
Facility (MSSTH (Fig. 3-9 a SNLA sup
ports the DOE Nationd Sola Therma
Progran [2]. First called the Sola Totd
Enery Ted Facility, it was establishd as




Figure 3-9. Midtemperatur e Sola
a nationa ted laboratoy (1) to devel@
technoloy tha applies sola enery prin-
ciples ard (2) to demonstra the feasibit
ity of the sola totd enery concept
After this objectie was met the nane
was changd in March 198 to the Mid-
temperatue Sola Systens Ted Facility.

Research development ard testirg of
materiak amd componerg a MSSTF
provide datl amd experiene tha are
importart to large systen desigs ard
commercid uses Although MSSTF per
sonné mana@ the projed ard are respon
sible for systen engineering mary private
industries hawe provided equipmeth ard
helpad instal it a the ted facility. By
encouragig their participation SNLA ard
DOE promoe sola technolog within the
private sector

3.1.31 Description

Two independen installatiors make up the
MSSTE (1) the Subsystmn Teg Facility
(STH ard (2) the Collecta Module Ted
Facility (CMTF).
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Systen Ted Facility

The Subsystem Ted Facility. The STF
nov operate as a multipurpo® systen
and subsystsn facility. Specifically it
suppors researb ard development
including service-lie evaluation ard inte-
gration of components subsystems ard
systems STF prograns are

* Performane Prototype Troughs

* Performane Prototype Trough Compo
nert Life Ted

* Modula Industrid Sola Retroft Sys
tems Qualificatiors

* Pipe Heda Loss
* Therma Sipha Progran
* Mirror Cleanirg Ted Series

* Thermoclire ard Multitank Storag Ted
Series

* Shenandda Prototyge Dish Evaluation
Progran

The Collectad Module Ted Facility. The
CMTF suppors the developmeth ard




evaluatim of collectd components
subsystemsard systems Curren CMTF
prograns are

* Powe Requiremet Definition

» Collecta
tem Developmen

e Commercié Collecta Evaluatin
* Receive ard Tracke Evaluation

* Azimuth Tracking Collectad Mounting
Platfom Operation (Aztrak)

3.1.32 MSSTF Major Accomplish
ments—FY 198D

Significart accomplishmerst a the STF
include (1) demonstratig tha commercia
collectos haw greate than 60% noon
time efficiency, (2) defining hed losse
from pumps thermd siphoning valves
and otheg componentsso tha thes losse
can be reducel in future field designs amd
(3) establishigr more than 10 newv ted
capabilities in suppot of line-focus
component/subsyste development The
CMTF accomplishmerst include (1) sup
porting more than 15 commercia supplies
in testing ard development(2) testirg ard
collecting data on engineerig prototype
trough structure receivers drives ard
tracke controls ard (3) qualifying two
commercid ted laboratoris (DSET ard
Wyle). Detailed projecs within the juris-
diction of the MSSTF during FY 198
included

(1) Systens Development

(@ 150-kV Sola Irrigation Project
Coolidge AZ

- Constructiom completel
- Operatiom begun

- Systen performane predic
tions validatel

(b) Operatim of Willard ard Gila
Berd Irrigation Systens termi
nated

Component/Subsystem/Sys
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(2 Subsysterm Development

(@ 60 efficiengy performane god
demonstraté with engineerig
prototype ard commercia
troughs

Shenandda dish prototype eval
uation completel

Qualification of two private teg
laboratories Wyle ard DSET

Publishel annu&d therma per
formane predictiors for 8 line-
focusing concentratig sola
collectos basel on moduk teg
resuls

Multitank storag systen char
acterizel ard contrd strategis
investigatel

Completel Raythem Dish Teg
Progran ard qualification tess
of IEA collecta

Completel characterizatio tess
of 6 commercid collecta mod
ules

Componerg Development

(@ Therma Iloop assemblé ard
piping hed loss amd therma
siphax mechanisra explainel

Acceleratd flex-hoe testirg
initiated

Black-chrone therma aging ex
perimen initiated

Operatim of Collecta Drive
Ted Facility initiated

Punp hea loss testing initiated

Completel punp powea ard col-
lector foundation tess
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3.1.33 Progress in Relation to Goals

In FY 198Q a numbe of parabolc trouch
desigrs testal a the subsystmn levd
exceedd 60% pe&k efficieny a 315°G
the 198 performane goal This accom
plishmen involved the use of silveraed



glass reflectos amd improvel receive
desigrs testel a the MSSTE Also in
FY 198(Q the ability to accurate} predid
the thermda performane of entire
systems given accuraé performane dag
on
Basal upm this predictive capabiliy ard
the demonstratio of mud improved col-
lector moduk performance the nex gen
eration of collectors which use glas
reflectors shoutl exceel the 198) per
formane god of 3 milion Btu/n? pe
year amd may excee the 1982-198 god
of 3.3 million Btu/n? pe yeat A numbe
of the Cycle 4 IPH experimeng tha are
now beirg installed ard the smal powe
systan being built by IEA shoutl provide
opportunities to confim this levd of
energ production

3.1.34 Future Activities

FY 198L activities will include (1) con
tinued ted suppot for collecta
componeh development (2 commerci&
support (3) setyp ard evaluatim of
production  prototype structures ard
associatd componentsard (4) setyp ard
evaluation of modules supplie throudh the
Modular Industrid Sola Retrofit Projed
(MISR).

3.14 SERAPH

The SER Sola Enery Researb ard
Applicatiors in Proces Hea (SERAPH
Facility has as its objectiwe the investiga
tion of technicd concers of low- ard
midtemperatug sola thermd technot
ogies Specifically thes concers are
related to the design operation ard main
tenane of systens for industrid applica
tions SERAR will increag experiene
in solar-powerd industrid proces hed
generation This experiene will help to:

* improvwe understandig of systen char
acteristics

» resole problens experiencd in field
tests

trough modules was demonstrated
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» confim analytica modelirg tools
e evaluae therma conversim hardware

* judge the relative merits of competimg
sola systems ard

 establib operatigp ard contrd strat
egies

It was decidel during FY 19 tha
SERARH would be constructd a the SER
Field Ted Site, which was to be on the
land deedd to DOE by the Stat of
Colorado Referene 3 describs
implementatio plars arnd Ref 4 discusse
relevart contrd techniques Figure 3-10
shows an artists conceptim of how
SERAM will look when it is completed

3.1.41 FY 198 Activities

Efforts concentratd on SERARH imple-
mentation tasks during FY 198Q The per
formane of the two maja equipmen
subcontract® was  monitorel ard
redirectel when technica insighs cause
the origind equipmen specificatios to
change

SERIS architectural/engineerg firm for
facilities preparéd a constructio docu
mert packag for the SERARH physica
plant This packa@ detaile the site lay-
out, building plan utility hookup ard col-
lector field suppot system The
documens were modified to provide for
installation at the SER Field Site.

Major equipmen fabrication ard procure
mert for SERARH were complet@ in
FY 1980 Physica plarnt constructio doc

umens were releasd for contracte bid-

ding in Septembe 1980 A Safey Analy-

sis Review an Environmenth Assessment
ard a Sak Operatig Procedue were pre-

pared for DOE commenm ard review It

was determind that SERARH operatios
do not depat significantly from the risks
presen in mary routine industrid pro-

cesses The overal facility capabilities of

SERAM are discussd in detal in Ref 3,

ard relevann analytica techniqus are
containel in Ref 6.



Figure 3-10  Artist' s Drawing of SERAPH Facility

3.1.42 Future Activities

Constructim of the SERARH physicd
plant ard equipmen installation is sched
uled for eary FY 1981 Check-ot ard
shakedow test are to be carried out in
the secon quarter ard normd operatiors
will follow. Initial use of the SERARH
facility will be directel a low-tempera
ture (< 200 C) sola systens for industrid
proces heat It is anticipat@ tha othe
collecta ard storag devices will be
addel to the facility for evaluatiom when

usael with typicd IPH thermd loads
Improved contrd strategie  will be
implementel when necessar or when

promisirg techniqus evolve

3.15 Storage Technology

The developmen of storag subsystem
tha work effectivey with parabolc
trough sola collecta fields is needd to
provide an enery buffer during inter-
mittent alow cover to exterd periods of
operatim to nondaylight hours ard to
provide energy for long periocs of inclem
ent weathe when there is no insolation
Sensibé hed storag presenty is the mod
highly developé storag technology ard
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thermoclire storag (Fig. 3-11) has the
potentid for meetirg the cog require
mens for use in commercid systems
During FY 198Q Ilaboratory-sca facil-
ities haw been constructd for evaluatio
of diffuse designs A 4.5-nt (1200-ga)
engineerig prototype thermoclire storag
tark was designed fabricated ard
installed in the Midtemperatue Sola Sys
tem Ted Facility. Instrumentatia ard
initial checkodw haw been completed
Testig will procee through FY 1981

Figure 3-11  Thermocline Storage
Tank at the MSSTF



principd area of interes are diffuse
effectiveness heat-los  mechanisms
thermoclire stability in both statc ard
dynamc situations ard respons of the
thermoclire to variatiors in collecta field
operation

3.2 SYSTEMS AND APPLICATIONS

The objective of this progran elemen is
to develp sola enery systens for on
site applicatiors throudh systens analysis
systens engineering amd experimens
sponsord partially or entirely by DOE ard
performal in conjunction with the private
sector The experiments in which con
ventiond powe is displacel by sola
power, provide a focus for sola develop
ment genera¢ performane ard cod
datag ard provide operatig ard mainte
nane experience

3.21 Shallov Well Irrigation-Willard ,
New Mexico

At the Shallov Wel Irrigation Projed
locatel nea Willard, New Mexico
(Fig. 312) the enery collected from
1200 m? of line-focws parabolc troughs
was use to drive a 25-Ip irrigation punp
and to genera¢ 18 kW of electricity for a

potab warehouse The projed was initi-
ated in 19% a the reques of New Mexico
irrigation farmers Thes farmes were
hurt by the ol embargo but threas of a
naturda gas shut-of macde the situatin
even more serious Gasshut-of of only a
few days can ruin a crop—a farmers only
income for the year Becaus of tha sit-
uation the Stat of New Mexico ard DOE
enter@ into a joint sola irrigation proj-
ect Sanda Laboratoris ard New Mexico
Stae University were assignd the respon
sibility for conductig the project Sanda
was to design construct ard operaé an
18-V sola thermd systen to drive a
deep-wdl turbine pump NMSU was to
condut¢ associaté agricultura expert
ments

The systen was dedicatd on July 8§,
1977. The systen usal line-focus sola
collectois manufacturd by Acurex Cor-
poratim amd an organc Rankine-cya
turbine manufacturd by Barber-Nicho$
Engineerig Corporation It als incorpc
rated a thermoclire thermad storag
system Initially 624 m? (672 ft?) of col-
lectors ard a 25-nT (6500-ga) therma
storage systen were usel to operae the
heda engire continuousy during the sum
mer. The systen pumpea approximatey
0.4 m’s (700 gpm of wate into a
grourd leve reservor from a deph of 30

Figure 3-12 Shallov Well Irrigation , Willard , N.M.
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m (100 ft). NMSU pumpel the wata from
the reservoi as they wished to condud
agriculturd experiments

The experimen showel that sola enery
could be successfull usa to powe irriga-
tion pumps However there were sone
systan desigq deficiencies in therma hea
transfe fluid contrd ard heda engire
operation& stability. Desighn  modifi-
catiors were made ard the field was
expandd by an additond 6% n?

(1000 ft?) of collectos manufacturd by
Sola Kinetics Replacig the hed engire
with a 38-RV engire was planned but the
begs proposd was an engire just like the
one there but twice as powerful Becaus
of high coss ard no new technologich
developments plars for the new engire
were dropped A low enery cente pivot
irrigation systen was addel to the
experimen to demonstra howv little
enery was actualy needd for
irrigation. The nev systen operate as
designé with a hed engire efficiengy of
15% the highes known for engines
operatig a the experimemn conditions
The cente pivot systen requirel only a
third of the powe requiral by
conventiond systems The thermoclire
storag systen worked wel amd demon
stratel tha a two-tark systen connectd
in series worked just as well as a one-tak
system

For purposs of economy the operatia of
the systen was contracte to NMSU in
198Q The farmes addel a potab storag
shal nex to the sola experimeth so tha
the sola systen could furnish electrica
enery to it during nonirrigation periods
An induction generato was addel to the
hea engire for this purpose The systen
worked satisfactoriy when in operatimg
condition However the turbine would not
operae more than 20 hous without
maja repairs Flex hose tha connectd
the sola collecta receive to the mant
folds also begam to fail. The® were
replacel with more reliable flex hose
with multiple metd bellows

82

Much valuabk experiene was gainal from
the sola irrigation experiment Becaus
the objectives of the experimen had bee
achieved DOE terminatel its suppot of
the systen on July 31, 198Q ard owner
ship of the systen was transferre to
NMSU. Before July 31, the collecta field
operatel in more than 70% of the daylight
hours ard the turbine operaté more than
40 hours Spring equinox ard summe
solstie® evaluatim prograns were Suc
cessful Mary farmes in the experimen
area nov use the low-enery sprinkle sys
tems

NMSU is in the proces of removirg the
experimenth systen from the site. The
removd will be completel by Augud 1,
1981 A final experimen repot [g is
being prepard by SNLA ard NMSU.

3.22 Gila Berd Solar-Powera Irrigatio n
Pumping Project

3.2.21 Background

The Gila Berd Solar-Powerd Irrigation
Pumpirg Proje¢ [9 was a cooperatie
ventue of the Northwesten Mutud Life
Insurane Compay (NML) ard Battelle
Memorid Institute (BMI). The projed was
initiated in 195 to provide a sola alter
native to conventionh enery source for
irrigation throughow the United States
The purpo® of the projed was to design
build, ard operaé a solar-powerd irriga-
tion pumpirg system The systen was
installed & the NML Paloma Rand nea
Gila Bend Arizong ard operatim was
startal in early 1977

Operation during 1977 demonstrate that
irrigation pumpirg usirg sola enery was
feasible Initial systen problens were
resolvel ard unattendd operatim was
alo demonstraté to be possible
Although the projectel capitd cog indi-
cated tha there would not be an



immediae marke for the system during
systen operatim the functiond require
ment for practicd sola irrigation sys
tems becane evident Severéd modifi-
catiors were neede for the systen to
med thes requirements

In 197§ the projed obtainel DOE funding
and unde the joint suppot of SNLA ard
NML, the systen was modified to addres
early problems Improvemend includel
replacirg a portion of the absorbe tubes
and housings installation of a newv track
ing system ard addition of an electrica
motor tha could be usel in conjunction
with sola powe or independenyl to drive
the pump BMI reportel tha the mod
ifications mace in 1978 did na improve
the operatim of the system but merel
substitutel a nev sd of problens for the
old ones [9]. Nevertheless the systen
operatel for 18 hours ard pumpe 328
million gallors of water ard significart
information was gatherd on hardwae
performance componenh life, ard main
tenane requirements BMI concludel
that modes$ developmeh work ard exten
sive field testirg are still required before
farmeis will accep solar-powerd irriga-
tion.

3.2.22 Description

The solar-powerd irrigation pumpirg sys
tem, locatel on Palona Rand nea Gila
Bend Arizona is a commercia agrk
culturd operatiom owned by NML. The
randh is approximatef 70 miles southwes
of Phoenix

The sola irrigation pumpirg systen
returrs tail watea from a collection sunp
to a systen of concrete-lind distribution
ditches Wate is supplia to the irriga-
tion systen from a series of deg wells.
The wate is applied to the fields from the
distribution ditches by siphons in an
amourt approximatel 10% abow tha
required by the crop amd the resultirg
10% runoff is recoverd from the gradel

fields in a series of tail-wate ditches
The sola irrigation punp returrs the tail
water, which collecs in a sump to irriga-
tion ditches servicirg an area of approxt
mately 500 acres The lift from the tail-
watea sunp to the distribution ditches
varies daily, rangirg from 7 to 12 ft.

The systen uses 511 m? of first-genera
tion Hexcé (now Sunte¢ parabolc trough
collectois on north-soulh axes  The
reflective surfae is FEK aluminized
acrylic. The receive is a 0.04m
(1-5/8-in) coppe collecta tube with a
bladk absorptie coating The operatimg
temperatue is 150C (302 F). Enery
from the collecta field powes a Rankire
cycle turbine which can deliver 10,0®
gallors of wate pe minute

3.2.23 Operation During FY 198

The objectives during FY 198 included
obtaining additiona operatig ard main
tenane experiene ard determinilg ways
of improving the potentia for unattendd
operation  Battelle Columbws Labora
tories was responsit# for operation ard
maintenane of the site unde contrac to
Sanda Nationd Laboratories The
contract which endel in Decembe 1979
resultal in July-Novembe seasonla oper
ation where the sola systen operaté in
exces of 50% of the "goad weathet time
and pumpe neary 20 million gallors of
irrigation water The contrat¢ was term
inated upan a final repot from Battelle
Operation has bee discontinud ard there
are no further plars for the system

3.23 150-WV Sola Irrigation —
Coolidge, Arizona

The Coolidge Sola Irrigation Projed
(Fig. 3-13 is a line-focws installation that
supplies electricd enery from a 150-RV
turbine generato to the locd electrica
cooperative Electricd District 2, a
Coolidge Arizona The powe is fed to
the utility grid in exchang for powe to



Figure 3-13 Deep-Wel Irrigation,
Coolidge Ariz.

run three 50-hp irrigation pumgs located
on the Dd ton Cole Farm

The facility is the world's larges$ operat
ing sola therma powe plant The site
souh of Coolidge was selectéd in
Februay 1977 ard a preliminay desig
study of the facility was undertake
shorty thereafte by three contractos
and completel in Augug 1977 On the
bass of the conceptub desigqn compett
tion, Acurex Corporatin was selectd as
the prime contracto for the projed as
well as the supplie of the sola col-
lectors The maja subcontract@ to
Acurex are Surs trerd Corporatimm ard
Sullivan ard Massm Consultig Engt
neers Sunstrad is the supplie of the or-
ganc Rankine-cyct powe generatio
unit. The tean of Sullivan ard Massm ard
Acurex was responsile@ for the detailal
design

3.2.31 Description

The collecta field is madke up of
21408 m? (23,00 ft?) of Acurex line-
focus parabolc trough collectos arrangé
in eight loops havirg a north-sout orien
tation. The collectos use Coilzak an
anodizel polishel aluminum for therr
reflective surface The reflectivity of the
Coilzak, measurd by a portabk reflec
tometer is 60% The performane of this

subsysten can be substantialf improved
by the us of bette reflecta materials
The systen is designd arourd three hed
transfe loops Ore loop extracs wam
heat-transfe oil from the bottan of a
thermd storage tank circulates the oll
throudh the collecta field, ard returrs it
hot to the top of the thermd storag
tank The secowl loop extracs ha oll
from the top of the storag tank circu
lates the oil throudh a vaporize hed
exchang unit, ard returrs it to the
bottom of the storag tark or directly to
the collecta field inlet. The third loop
circulates liquid toluere throudh the
vaporize hed exchang unit to vaporiz
it ard then expand the vapa throudh the
turbine in the powe conversim moduk to
extrad the enery for electrica powe
generation The cycle is completel by
condensig the expandd low-enthaly
vapa ard pumpirg the condensat badk to
the vaporizer The systen flow diagran is
shown is Fig. 3-14

Sola enery is convertel to electrica
enery by mears of an organc Rankine
cycle powe conversiom moduk tha uses
toluere as the working fluid. The untt is
complee with gea reductim ard a
440-vot ag 60-hertz high efficieng
generator Supportig equipmen includes
a vapa condense for condensig the
toluere armd a vaporize assembl
consistig of a preheater an evaporatoy
ard a superheate for vaporizirg the
toluene

Enery is storal in a 114-nf (30,000-ga)
insulatel tark 4 m (13.67 ft) in diamete
ad 15 m (49 ft) high. Various pumps
valves ard auxiliaty tanks are included
ard an undergroud tark is provided for
the makeyp hed transfe oil.

The contrd subsysten monitos ard con
trols collecticm amd storag of sola
enery ard generatio ard suppy of
electric power In addition the subsystm
protecs again$ system-relaté anomalis
sud as high temperaturs in the collecta
field ad natura evens sud as high,
gusy winds



COLLECTOR FIELD
23,040 fte

Figure 3-14. 150-kW, Solar-Powereal Irrigatio n Facility Flow Diagram

The contrd functiors hawe built-in fail-
safe action or dired limiting devices ard
are basel primarily on closel loop contrd
and anal@ signd transmission The dat&a
acquisition  subsysten monitors the per
formane of the systen ard measurs the
auxiliary powe consume by the system

3.2.32 Accomplishments—FY 198)

During FY 198 the facility was dedicate
and operatim was begun performane
data were collecta throudh the winter
and summe solstics ard throudh the
spring ard fall equinoxes complee per
formane characteristis were determine
for all elemens of the system ard the
systan operatée in exces of 85% of the
goad weathe time, supplyirg 117,7% kWh
of electricily to the utility grid.

Systan _Performance Systen perfor
mane for FY 198 is summarizd in
Table 3-1. The line-focus sola collectos
were orientad in a north-soul direction to
maximize the amoun of enery collecteal
in the summe when irrigation demand
are highest This orientation resuls in
reducel enery collection in the winter.
The use of Coilzak as the reflecta mate
rial for the sola collectos contributes to
poa winter performane becaus tha ma

terid ha low reflectivity. Year-roun
systen performane can be improved by
using bette reflectad materials During
Januay ard February 378 kWh of elec
trical energy in addition to tha shown in
Table 3-1, were producel from operatimg
the gas-firel heate experimentally
Energy production in Februay ard March
was abnormal low becaus of problens
with the punp seas in the collecta field
punp ard in the turbine pump

Operation _and _Recurring Maintenance
Costs  Operatim ard recurrig main
tenane coss hawe been broken down into
weekly coss for summe ard winter. The
coss cove operatim 7 days pa week
Operation&d coss include the man-hous
required to initiate facility operation daily
and to monita operation The powea con
versin systen requiral operato attention
during startyp ard sone manua control
Direct operationhd coss include cooling
wate for the turbines condenser nitrogen
for the expansio volume on top of the
thermd storag tank CO, for cooling the
pump seals ard electricity for air con
ditioning the contrd room

The laba for operatim amountd to
30 hous pa week Direct coss are item-
ized in Table 3-2



Table 3-1. Coolidge Collector Field Performance

Time of Yea Pe& Efficiency (99 All-Day Efficiency (99
Winter Solstie 20 99
Spring Equina 38 300
Summe Solstie 42 369
Fal Equinoc 36 314
Monthly Operatia O N D J F M A M J J A S
Electricity
Produce (kWh) 173 285 2060 0 510 140 1248 19,29 22,00 20,8%5 18,53 16,09
(% of Time Sola
Available) % 82 91 49 60 93 95 93 98 100 95
Totd (W/m?) Pipe Loss (W/m?) Receive Loss (W/m?)
Collecta Field Hea Loss 125 35 90

Table 3-2. Weekly Costs of Plant Operation

Operatiom Componerg Summe Winter
Wate (municipa) $20 $5
Watea treatmen 35 10
Nitrogen 5 5
CO, 8 6
Electricity (air conditioning 10 -
Totd cod pa week $78 $26
Recurrirg maintenane coss include laba (b) Conventionh arc welding of

ard the cog of supplis ard replacemen
materiak for thoe efforts Tablke 3-3
lists a summay of the averag@ weekly
coss ove the year broken down for var
ious subsystems

Experience and Insights. Summarizd her
are lessos learnal from the constructio
ard operatian of the facility.

() Construction

(@ Piping joints terd to leak
threadel joints are the worst
followed by flanges swagelok
fittings, ard weldd joints.
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plumbing joints is satisfactoy in
mog cases Tungste inert ges
(TIG) welding is necessar for
stainless-stde attachmerd ard
swagelo& thermocoupd fittings.

Thermocouplse with swagelok
fittings are bed for measurig
fluid temperatures

All valve bodies shoutl be welded
into therr pipelines ard valve
stens shoud point downwad to
prevert leakag from getting
into insulation

Insulation shoutl be installed in
multilayers with lappe joints.
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Table 3-3.  Weekly Costs of Recurring

Maintenance
Man-Houss Materiak
Sola collecta 8.0 $15.D
Fluid loops 4.8 1.80
Powe conversio 4.8 15.9
Tota cog pa wee 176 $32.0

(f) Manholes on the side of a (f) Provice an evacuatio route from
thermd storag tark are unde potentid oil spil area ard con
sirablke sine they will leak fluid strua an earth bem around the
ard are a sour@ of hed loss thermd storag tank

(@ Le&k tess shoutl be performel (@ Provice a well-marked accessi
on the pipelines with the lines ble "kill buttord to deactivae
filled with fluid ard a tempera valves collectors flow, etc, in
ture prior to insulatirg them the even of an emergency

(h) Operatig personnk shoutl be (h) Use water, not CO, or chemit
on-site during final constructio cals on oil fires.

_ ard checkout _ _ (i) Repar oil leaks on a priority

(i) To prevert thermosiphoning basis ard labd all fluid con
plumb downwad awa from hed tainels carefuly amd Maintan
sources tight control

() Avoid overheatig oil seat on

Operation pumps etc.

(8 Decompositia of the Caloria (k) Provike a backyp lialectn(;]a
HT-43 has bea vely slight so the powe soure to allow the
automatc fill systen for the collectors to be defocusd in the
storag tark ha not been evert of a commercia powe
needed outage

(b) Eighty percem of nonrecurrin () dFor_bid the bypassig of safey
maintenane work has been dore evices
on the powe generatio subsys (m) Set up extensive periodig pre-
tem. ventive inspectim ard main

(©) A rain switch was installed to tenagj(e proceduresard maintan
allow the operatos to poirt the a goad spare-pad inventory
collectos upwad during a rain- (n) Periodicaly tighten flanges ard
storm clean receive tubes weekly.

(d Provile an automatc closue (00 A collecta field temperature
valve in the pipelire to the ba® contrd systen tha sense col-
of the therma storag tark to lector outlet oil temperatue at
prevern a large oil spill. only ore point works well.

(¢) Provice easy year-roum acces (p) Collecta field startyp in cold

to all subsystems
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techniqus has proven to be no
problem

3.2.33 Future Plans

During the comirg year systen perfor
mane will continte to be monitored ard
a repot summarizig the first yea of
operation  will be publishe [10]. In
addition the tesst remainirg in the teg
plan will be conducted Some changs will
be mack to the facility to upgraed per
formane ard to redu® operatig prob
lems The® changs will include the
installation  of FEK-244 reflective sur
faces on the collectos ard modificatiors
to the plumbirg system The replacemen
of the preseh Coilz&k reflecta materid
with FEK-244 will improwe the reflec
tivity of the collecta surface from 60%
to 8% when the surface are clean A

significart  improvemehn in  systen
performane is anticipatel with the
FEK-244

The plumbirg modificatiors will include
(1) elimination of the buffer tark a the
inlet to the collecta field pump
(2) replacemen of the presen three-wy
butterfly diverta valve with a conven
tiond spool-tye three-wy diverting
valve, ard (3) plumbing of the gas-firel
heate in series with the collecta field.
Elimination of the buffer tark will alo
eliminat a soure of hed loss ard shoud
shorten the warmp time of the collecta
field. The new three-wg valve will elim-
inate leakag problens experiencd with
the old valve gThe old valve was allowing
abou 0.00G m°/s (10 gal/min) of oil to be
diverted to the top of the storag tark
during warmyp when the oil is circulatel
throudh the collecta field.) With the gas
fired heate operatig in series with the
collecta field, it will be possibé to gen
erae electrica powe throughow the
winter, ard the collecta field ring will
be usal to prehea the Caloria

Operatim ard recurrig maintenane
costs will be watchel during the comirg
yea to determire ways to redu@ them

With cog minimization in mind, further
stes will be taken towad complee
automatio of the facility.

Grain alcohd production processe ard
hardwae are beirg studiel to determire
the feasibility of installing a facility on
site for producirg alcohd to fud fam
machinery  Alcohd would be producel
using a portion of the enery collected by
the sola collectors

3.24 Modular Industrial Sola Retrofit

(MISR) Project

MISR is a DOE projed to develg modula
sola therma systens for use in industrid
proces hed (IPH) applications The proj-
ed is basedon line-focus collecta tech
nology suitabke for retrofitting low- to
midtemperatug thermd enery applica
tions currenty burning premiun fossl
fuels sud as oil ard natura gas

3.2.41 Background

Much experiene was gainal in the appl
cation of line-focus sola enery systens
from the shallow-wel experimen a Wil-
lard, New Mexico, the deep-wdl
experimen a Coolidge Arizong ard
from severa sola IPH experiments It
becane evident tha installatim coss
were too high amd tha operationa
reliability was lower than the stae of the
technoloy indicated it shoud be Also,
the experimend showel tha retrofit of
low- to medium-temperater IPH
applicatiors are a logicd nex ste for
line-focus technology

The MISR projed developd from this
experience Its purpog is to devel®
modula sola thermad systens usirg line-
focus sola collectors Industy will per
form the desigh work ard condud¢ expert
ment to obtan systen cog ard perfor
mane data

The U.S industrid secto is currenty
responsilke® for abou 25% of totd U.S



enery consumption Of this amount 65%
is usal to generag¢ hed for industrid pro-
cesses Approximatey 30% of all proces
hea requires pek temperature of 315C
(60C° F) or less This percentag increass
to 526 when preheatig applicatiors are
included hence a significart amoun of
thermd enery is usa in industrid pro-
cesss amd a temperature tha can be
supplied by parabolic-troug sola col-
lectors Thus a significart displacemen
of fossl fuels can be achievel by match
ing line-focls sola technology with
industrid proces hed applications

3.2.42 Project Description

The projed is plann@ as a sequene of
three cycles ead consistig of systen
desigqn ard qualification ard field expert
ment a industrid sites Both supplies
of modula systens ard uses of industrid
proces stean will participage in the
experiments

A modula design approab was chos@ to
minimize systen cod armd to improve

operation& reliability.  Modula desig
shout resut in reducel cog ard improved
reliability for sola thermd systens
throudh standardizatio by individud sup
pliers on proven desigrs usirng qualified
components Reductimm in cod is al
anticipatel becaus of factoly prefab
rication of standardizé componerd ard
subsystems therely reducirg custon
engineerigy ard on-sie  installatin
costs The MISR projed goak are to vali-
date the potentid of modula design to
redue installation coss to 10% or less of
tota systen cost amd to achiewe enery
costk of $10/MBu ($0.034/kW) by 1985

The activities of the projed are shown in
Fig. 3-15 Inputs include (1) technoloy
develope by both governmen ard in-
dustry, (2) lessos learna from previows
sola experiments (3) industrid use re-
quirements (4) industy experience ard
(5) systens analysis The® inputs will be
usal to determire the modula systen size
ard operatig characteristis from which
a sd of specificatios will be generated
In addition a sampé desigh of a modula
systen will be prepared The sampé de

MISR PROJECT

INPUTS

ACTIVITES

DELIVERABLES

INDUSTRIAL USER

i1
LA

REQUIRMENTS

SOLAR THERMAL
TECHNOLOGY

DESIGN SPECS.

SYSTEM SUPPLIERS

’\ "
MODULAR SYSTEM SUPPLIER
DESIGN DETAIL
SOLAR EXPERIMENT SPECIFICATIONS || DESIGNS
EXPERIENCE
— [u DATA
INDUSTRIAL QUALIFICATION
EXPERIENCE & TESTS
APPLICATION EXPERIENCE
o
[ SYSTEM ANALYSIS
PRELIMINARY USER/SUPPLIER MISR CREDBILITY
USER IDENT, TEAM ™1 EXPERIMENTS

Figure 3-15 MISR Project Activitie s



sign is a vehicke for transferrig line-
focus technicd information to industrid
designers Steams-Rogera commercia
A&E firm, was selecte to assis in devel
oping the MISR specificatios ard the
sampek design Stearns-Rogeis respon
sible for using standad A&E practie in
the design ard for specificatios tha will
ensue high systen operationé reliability
arnd reasonald costs The specificatios
and sampe desig will be suppliagl to pros
pectie biddes in a Reques for
Propos& (RFP which will be usa to
solicit proposad for detailel modula sys
tem desigrs ard qualification hardware

Up to six proposad will be selected ard
contracs will be awardel for systen de-
signrs ard for hardwae for qualification
testing The qualification tess will be
conducte to determire tha the specift
catiors of the RFP haw bean met Only
thoee modula systens meetirg the spect
fications will be eligible for the MISR
field experiments

Experimens hawe been considerd for
operation a industrid sites on a cost
sharirg bass with DOE DOE first will
solicit companis tha use proces stean
ard are intereste in participatirg in the
experiments Fran thes companies DOE
will sele¢ industrid participans who will
familiarize themselve with the systen
desigrs ard obsere the qualification test
ing. Industy will then submt proposas to
DOE for conductirg the experiments Up
to 10 of thee companis may be selecte
for field experimend usirg their choice of
gualified modula systems If field ex-
perimens are pursued it is expectd that
a dat acquisition systen will be furnishel
by DOE for collectig data during the
2-yea DOE-supportd operatig period
Thus systen cod ard performane data
would be obtainel by uses in red in-
dustrid environments

3.2.43 FY 198 Accomplishmens

The authorizatio to procee with MISR
was receivel from DOE in Februay
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1980 Contracs haw been placel with
Acurex Corp, Dd Manufacturing Sola
Kinetics, Inc.,, ard Sunte Systems Inc.,
for the preliminay conceptuh desigrs of
modula sola therma systems The®
contracs serwe as a vehicle for industy
input into modula systen requiremerd
ard specificatios being developd by
SNLA with the assistane of Stearns
Roge Services Inc. The systen
requiremend will combire line-focus
collecta technology industrid proces
hea use requirements ard industy
desiqn ard constructim practices into a
s of minimun specificatios tha
systens mug med to be acceptald for
MISR applications

3.2.44 Future Activities

The MISR specificatiors ard sampé desig
are scheduld to be completel by March
1981 RFPs for industry-designg modula
systens will follow immediately Qualifi-
cation tess of the acceptd proposad are
scheduld to be completel by Novembe
1982 ard use experimend shoud beghn
operatim in 1984 Resuls of the
experimens will be availabk in 19% ard
1986 The schedu for Cycle 1 is shown
in Fig. 3-16

3.25 Industrial Proces Heat Field

Projects

During FY 1980 a a resut of a DOE
reorganization the responsibiliy for
industrid proces hea field projecs was
transferrel into the Division of Sola
Therma Enery Systems where it
continual as a separag entity in the Sys
tems ard Applicatiors Branch

3.2.51 Objectives

Objectives of the 29 IPH field projecs
are

» to accelera@ developmenh of a sola
thermd industy via cost-shard systen
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application field tess targete to near
and mid-tem markets

* to achiee substantia systen cog
reductiors throudh the accumulatia of
systen design engineering construe
tion, ard operatilg experiencegard

* to stimulat demad for sola therma
systens in orde to develp a self-sus
taining sola industy ard use com
munity.

The field projecs are divided into six
categorie accordig to ther temperatug
ranges ard erd uses Categoy descrip
tions ard the curren statis of the prof
ects follow.

3.2.52 Low-Temperature Hot Water/Hot
Air

Currently, thee are seve low-tempera
ture IPH field tess tha hawe bea in
operatiom for ore O?Iea o longe (see
Table 3-4). Three of the® are ha wate
systens ard four are ha air systems All
suppy proces hed a temperaturg belov
100C (212°F) Flat-plate evacuated
tube ard line-focts collectos are al
represented with collecta n?er ares
rangirg grom 22 to 193 25@M to
21,0® ft°).
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The® sevae sola IPH systens represen
first-of-a-kind installations sine there
hawe been very few large-ara industrid
sola systems Thee first field tess hawe
identified mary design ard operatio prob
lems tha coud na hawe bea brough
forth withou the actua constructio ard
operatim of the systens [11,12] Sone of
thee problens includel we insulation
contaminatio of reflective ard absorbe
surfaces excessie therm& losses
freezing overheatin? ard variows contrd
problems As IPH field tests they are
servirg as valuabk learnirg experience
for uses of low-temperatug sola indus
trial applications providing importar
da@ in sola systen design ard solar/in
dustrid Froces interfacin? Futue field
es

tess will incorporaé the lessos learnel
from the® projects thus providing uses
with more cost-effective reliabe sys

tems
3.2.53 Low-Temperature Stean

There are four low-temperatug IPH stean
projecs currenty unde constructio or
operationh to dae (ses Tabe 3-5) Like
the low-temperatle ha water/ha air
projects thee four low-temperatue
stean systens are the first of ther kind
to be built.



Table 3-4. Low-Temperature Hot Water/Hot Air IPH Projects

Field Size/

Industrid Site Application Systems Designs Delivery Temperature Collector Type Status
Campbdl Sowp Can washing Acurex Corp 85 C (185 F) hat wate 704 m? (7578 ft?) Operational
Sacramento Calif. Flat plate/Trough
York Building Producs Concree blodk AAl. Corp 71°C (160°F ha wate 8% m? (920 ft?) Operational
Harrisburg Penn curing Multiple reflector
Riegé Textile . . Genera Electric 88°C (190 F) ha water 622 m?(6700 ft?) Operational
LaFrance SC Textile dyeirg ( P Evacuated tube
J.A. LaCou Kiln Servie ) Lockheal MSC 71°C (160°F ha air 232 n? (25 ft?) Operational
Canton Miss Lumbe drying (160°5 Flat-plate
Lamanuzz & Pantale Raisin/prure Cal-Poy University 66°C (150°F ha air 196 n (20,5® ft?) Operational
Fresno Calif. drying Flat-plate
Gold Kist, Inc. Soybea drying Teledyre Brown 60°C (140 F) ha air 1217 m? (13,104 ft?) Operational
Decatur Ala. Flat-plate
Gilroy Foods Inc. Onion & garlic Trident Engineerig 93 C (200 F) ha air 553 m? (5950 ft?) Operational
Gilroy, Calif. drying Evacuated tube

Table 3-5. Low-Temperature Stean IPH Projects
Industrid Site Application Systems Designs  Delivety Temperatug Cfl):lllggg I'Zr(i[/pe Stats
Weg Poirt Pepperél Fabrtc drying Honeywel| Inc. 157<C (315 F) stean 772 m*(8313 ft?) Operationa
Fairfax, Ala. Parabolc trouch
Home Laundry Co. Commercia Jacobs-De 172 (341°R stean 604 M*(64% ft°) Constructio
Pasadena, Calif. laundy Parabolc trough
Johnson & Johnson Gauz bleachirg Acurex Corp 174° C (345° F) steam 100 rnz (11,52 f'[z) Operationa
Sherman, Tex. Parabol¢ trough
Tropicana Industry Processig fruit Genera Electric 182<C (350°H stean 929 m’ (10,0® ft?) Constructio

Bradenton, Fla. juice

Evacuatd tube concen
trator

Thee low-temperatue stean field tess
haw servel to identify design ard oper
ationd problens amd give contractos
experiene in ther design ard construe
tion. In addition thee projecs are
instructive in pointing out those part of
the systens tha require substantih cog
reductions

3.2.54 Intermediate-Temperature Stean

In 1979 desigs for 7 intermediate
temperatue (182 to 288°Q stean field
ted projecs were completed Of thes
7 designs 4 were fundel for constructio
(ses Table 3-6).
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Thes projecs were designd by various
private contractos to provide a portion of
the proces stean requiremerg use in a
variety of industrid processg including
oil heating latex production oil refining,
brewing chlorine manufacturing ard
potab processing For all but ore of the
sevan designs two systen configuratiors
hawe been used (1) pressurizd water,
circulated throudh a collecta field ard
then flashal to stean in a low-pressue
chamber or (2 an organt heat-transfe
fluid, circulatal in the collecta array ard
then fed to a stean generato where the
fluid serves as a hed soure to produe
steam



Table 3-6.

Intermediate-Temperature Stean IPH Projects

Delivery Temperature

Field Size/

Collector Type Status

Industrial Site Application Systems Designs
Dow Chemical Co. Latex produc- Foster-Wheeler
Dalton, Ga. tion
Southern Union Co. Oil refining Energetics Corp.
Hobbs, N.M.
Lone Star Brewery Brewing bee Southwest Research

San Antonio, Tex.

186<C (366 F) stean

193°C (380F ) steam

178°C (353F ) steam

929 m? (10,0® ft?)
Parabolc trouch

Under construction
892 m? (9,600 ft?)
Parabolic trough

%57 m? (10,296 ft?)
Parabolic trough

Under construction

Under construction

Ore-Ida Foods Potato frying ~ TRW 214°C (417F) steam 929 m? (10,000 ft?)  Under construction
Ontario, Ore. Parabolic trough
Stauffer Chemical Chlorine manu-  Chilton Engineering ~ 187°C (368'F) steam 861 m? (9,268 ft?) Not funded
Henderson, Nev. facturing Parabolic trough
Ergon, Inc. Qil tank heat- Acurex Corp 185"C (365° F) steam 1873 m? (20,160 ft?)  Not funded
Mobile, Ala. ing Parabolic trough
NL Industries Heetorite ore  Jacobs-Del Solar 186<C (366 F) stean 1427 m? (15,360 ft?)  Not funded
Newberry Springs, Calif. processing Parabolic trough

Early experiene in the desigqn ard con operationd resuls will continte to

struction phass of the intermediate-tem

peratue stean projects togethe with

experiene obtainel from the previows

generatio of low-temperatue expert
ments suggest tha technoloy researb
ard developmen are still require in
specifc areas

» reflective materiab amd coatings to
overcone the potentid difficulties
posa&l by hars industrid environments

» collecta washirg systens ard solvents
to maintan origind materid properties
ard performane parametersard

* collecta contros ard mechanich com
ponents to make systens more effi-
ciert ard reliable

A standardizé real-time minicomputer
basel dal acquisitim systen is beimg
develope by the Lawren® Livermore
Laboratoy usig commercialy availabke

hardware  Similar data systens are
currenty usel by eah of the
intermediate-temperatar stean  proj-

ects The da@ acquisition systen will
ensue a sold dat ba® with which to
analyze compare amd monitar thes
systens after ther completion Thus
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identify specifc area in which future
sola IPH systens can be improved

3.2.55 Low-Temperature, Cost-Sharal
Desigrs

DOE has funded throudh competitive pro-
curement five large-scale low-tempera
ture, cost-shareé IPH field ted designs
Thes desigs bega in eary 198 ard
were completel nea the erd of the year
Thes systens emalcy 322 to 4646 m?

(35,00 fo 50,00 ft?) of collecta array
area to suppy ha wate a 52 to 99°C
(125 to 210 F) to industrid processes

At the erd of the desiqn phase DOE
selectel ore of thee systens for possibé
funding throudh constructio ard opera
tion phases The five prograns are sum
marizel in Table 3-7.

3.2.56 Intermediate-Temperature, Cost

Shared Desigrs

DOE has fundel four detailel desigrs for
cost-shard IPH projecs in the inter
mediate-temperater range [100° to



Table 3-7.

Low-Temperature, Cost-Sharel IPH Projects

Field Size/

Industria | Site Applicatio n System's Designs Delivery Temperatur e Collecto r Type Status
Oscar Mayer * Co. Meat processin g Team, Inc. 82 °C (180 °F)hot water 3746 m? (40,320 ft?) Not funde d
Des Moines, la. Paraboli ¢ troug h
Nestle Enterprises , Inc. Fruit juice Generd Electric 99 °C (210°F)ha water 4645 m? (50,000 ft?) To be
Santa Isabel, Puerto Rico pasteurizatio n Evacuate d tube determine d
Stauffe r Chemical Co. Food ingredient s Wormser Scientifi ¢ Corp. 99 °C (210F)ho t water 3530 m? (38,00 ft?) Not funde d
Oxnard, Calif. processin g Flat plate
Salz Leather s Leather tanning Pacifi ¢ Sun 60° C (140F)ho t water 3270 m? (35,200 ft?) Not funde d
Santa Cruz, Calif. Flat plate
Tyson's Foods, Inc. Poultr y Lockhee d MSC 60° C (140F)ho t water 4682 m? (50,400 ft?) Not funde d
Springdale , Ariz. scald water Fresnel concentrato r

288 C (212 to 550 F)]. The four con
tractors were selecte by competitie
procuremeh amd bega theirr desigs in
late 1979 At present construction fund
ing for all but one of the projecs (Hilo
Coas} has been provided Descriptiors of
the four systens can be found in
Table 3-8

3.2.57 Enhancal Oil Recovey

When heay oil (viscows cruce oil) fields
are developed ther are usualy three
sequentih phass tha take place First,
the wel is drilled amd the naturad
reservor pressue forces the oil up out of
the well. (This is usualy a relatively
smal percentag of the recoveralg oil.)
Second stean is injected into the wel to
decreas the viscosiy of the oil. The
resultanmn mixture of stean ard oil can
then be forced badk out of the sane well

steam The first two stes can be alter
nated for montls or even years producirg
significart amouns of oil. The third
pha® uses the fields multiple drillings to
force additiona ol out Sine a field
usualy has more than ore drilling, alter
nat wells in a patten are designatd
eithe as stean injectors or as oil pro-
ducers Stean is continuousy forced
down an injecta to drive the resultirg oil-
stean mixture up ard out of a nearly
producer

Thes latter two stages hawe been identi
fied as a strorg potentid marke for sola
therma technoloy for the following
reasons

» The conventionh metha of producirg
stean on site is to bum cruce oil. Thus
ove the life of the oil field, abou one
third of the producel oil is burnal to

by the

increasd pressue from the

provide hed for the injection steam

Table 3-8. Intermediate-Temperature, Cost-Sharel IPH Projects

Industria | Site

Applicatio n

System s Design s

Delivery
Temperatur e

Field Size/
Collecto r Type

Status

U.S. Steel-Chemica |
Haverhill , Ohio

Bates Container , Inc.
Ft. Worth, Tex.

Caterpillar Tractor
San Leandro, Calif.

Hilo Coast Processin g Co.

Pepeekeo, Hawaii

Polystyren e
productio n

Cardboar d
corrugatio n

Engine parts
washin g

Sugar processin g

Columbi a Gas

BDM Corporatio n

Southwes t Research

TEAM, Inc.

189°C (373F) steam

188°C (371F) steam

113°C (235° F) steam

204° C (400° F) steam

4645 m? (50,000 ft?)
Paraboli ¢ troug h

3226 m? (34,720 ft?)
Paraboli ¢ troug h

4582 m? (50,400 ft?)
Paraboli ¢ troug h

4682 m? (50,400 ft?)
Paraboli ¢ troug h

Constructio n

Constructio n

Constructio n

Not funded




* Mog of the heaw oil fields in this

country are locatal in high insolatiin
areas sud as Kem County, California

The high concentratia of oil-fuel stean
generatos in a heay oil reservoi can
cau® significart environmenth prob-
lems

e The land abow thes oil reservois is

relatively inexpensie ard reasonalyl
available althoudn large regula col-
lector arrays often canna be usel
becaus of existing oil-field equipment

* Ther is continua demanl for the pro-
ces steam so storage is not required
Very little buffer storage is needd
sinee the oil-fuel stean generatos can
respoml to insolation variatiors very
rapidly.

DOE has worked to facilitate the use of
sola therma technolog in this industy
by funding stud/ ard desigh prograns (see
Table 3-9 to determire the projecta
cost ard performane of systens usel in
this manner

Table 3-9. Enhanced Oil Recovery Projects

” ; G : Delivery Field Size/

Industrial Site Application Systems Designs Temperature Collector Type Status
Petro-Lewis Enhanced oil recovery General Atomic 174°C (545°F) steam 21,832 m? (235,000 ft2) Design
Bakersfield, Calif. FMSC collector completed
Exxon Enhanced oil recovery Foster-Wheeler  260°C (500°F) steam 23,587 mZ (254,000 £t%) Design

Parabolie trough completed

Bakersfield, Calif.
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SECTION 4.0

RESEARCH AND ADVANCED DEVELOPMENT

The maja objective of the DOE Researc
and Advancel Developmen (RAD) Brand
is the developmen of a technolog base
within industry for advancd sola ther
ma systens tha will forge the bass for
growth of sola therma technolog into a
maja enery sour@ for this nation by
1995 During FY 198Q the RAD Progran
encompasse four maja areas advancd
componerg ard applied research mate
rials researb ard developmentfuels ard
chemicals ard supportig activities
Accomplishmerg ard descriptioss of eah
of thee area follow.

41 ADVANCED COMPONENTS AND
APPLIED RESEARCH

Activities within the advancd compo
nens area are directel towad |dentlp/|ng
the critica building blocks tha will fom
the bae for significart progres in future
sola therma subsystems To achiee this
purpo® it is necessar to recognie cur
rert limitations in technolog ard to pro-
ceal with innovative desigis tha will
remowe or circumven the limitations
This researh is directed towad increas
ing componeh efficiengy ard durability
ard lowering costs

411 Receives

Receive desigﬂ is ore of the key elemers
in attainirg high systen efficiengy for
electrc powe generatio ard industrid
proces applications The primay func
tion of a receive in a sola therma sys
tem is to captue concentraté enery
from a sola collecto ard transfe it to
the working mediun inside the receive
with minimd enery losses

While existirg technolog is beirg usel in
sola therma application prograns for
receives whereve feasible developmen
ard applicatin of advancd technolog

for receives is requirel to achiee
improved performane ard lower costs
The objectie of the advancd receive
technolog subprogren is to identify ard
devel@ the receives necessar to achiewe
low-cod systems The focus of the pro-
gran is on technolog developmen for
receives tha operaé from 315 to
1370T (600 to 2500°F)

FY 198 Accomplishments

The Sandes Associats ceramc¢ matrix
high-temperatwe [1370 C (2500 F)
receive (see Fig. 4-1) was selectd for
developmen ard is read for sola teg a
the Parabolt Dish Teg Site The testirg
will demonstra the suitability of this
concep for selectd sola therma appli
cations

FORMED
INSULATION ~_ |

| - CERAMIC
STORAGE MEDIA

CARBON STEEL
HOUS ING

HONEYCOMB
CERAMIC

MATRIX QUARTZ WINDOW

Sandeis Ceramic Matri x
Receive

Figure 4-1.



Feasibiliy tess on ceramc extrusio
were initiated for the Gener& Electric
Co. ceramc coi high-temperat@ re-
ceiveg (see Fig. 4-2). This productio
techniqe heas potentia for low-cost high
performane components Both the
Sandes ard Gener& Electric receives are
sized for 80 kW..

Developmen of a high-temperatw
receiver/reacto is needd for biomass
pyrolysis with operatig temperature
above 750C (1380°F) Initial work indi-
cates that sine the ultimate use of the
receive is to hed a chemicaly reactirg
fluid, a thermd mas concep shoutl be
used This concep calls for a receive
with cooling coils immerse in a therma
mas which distributes the hea flux ard
smootls sola flux transiens to the
receiver

For maximun efficiengy in the transfe of
heat the materid usal for the therma
mas mug hawe a high thermad conductiv
ity. This consideration alorg with the re-
quired operatig temperaturesled to the
choice of coppe for the thermd mas
material The resultirg receive consiss
of a coppe mas with stainles ste¢ cool
ing coil cag in place (Fig. 4-3).

INSULATION

— CERAMIC TUBE

+— THERMAL
INERTIA
SLEEVE

"N CERAMIC
REFLECTIVE SURFACE

Generd Electric Ceramic

Figure 4-2.
Coil Receive
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Receive with Coppe Mass
and Sted Cooling Colil

Figure 4-3.

Problens solved during FY 198 includdd
the difficulty of castirg copper oxidation
protection for the copper armd cooling
tube survivd during casting

In late FY 198Q the completel receive
(Fig. 4-49 was testel a the SER
Advancel Componerd Researbh (ACRES
teg facility for opticd ard thermd effi-
ciency.

FY 198l Plans
In 1981 testing ard characterizatin of

the Sandes ceramic-matnt high-tempera
ture [1370C (2500 F)] receive will be

Advanced Thermal
Receive Unda Ted at
SER

Figure 4-4



completel for advancd Brayt;n engines
ard for othe industrid ard chemica
applications Feasibiliy tess of the cer
amic-col extrusion proces for the high
temperatue col receive will be com
pleted ard a decisim on prototype
developmenwill be made

In addition contracs for fabrication of a
state-of-the-ar cerame receive elemen
will be awarded This effort is expecte
to demonstra tha a ceramc receive
can be fabricatel for a wide range of
applicatiors usirg current ceramc tech
nology.

4.12 Low Initial-Cost Concentrators

The developmen of low initial-cos con
centratos is ore of the keys to expandi
the sola therm& marke for industri
proces heat fuels ard chemicals ard
advancd electrc systems The emphas
of this effotr hes been on the
identification ard developmen of low-
cog opticd elements Thee are two
bast kinds of concentrators—reflectes
ard refractive The opticd surface may
be smooh or a mosac of flat opticd
elemens (Fresnel) The mountirg of mog
concentratas allows for movemeh to
compensa& for the appareh motion of
the sun Figures 45 ard 46 are Fresné
concentrat® of the refractie ard
reflective types respectively Figures 4-7
ard 48 are thin-film concentratas of the
supportel ard stretchéd configurations
respectively All concep$ are for point
focusirg applications

FY 198 Accomplishmens

Sunpowe Corp bega developmeh of a
unige folding-facé reflecta element
Unde high wind conditions the reflecting
elemens fold to avod wind loads Con
cef screenig studies performel by the
University of Arizona indicatel tha the
facet@l reflecta concep has potentid
for meetilg concentrato cos targets
Three contracs were awarde (Boeing
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Lens Receiver
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- Main Ring

- Pedestal
Assembly
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Receiver
Mounting
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+ Azimuth Drive
Concrete
Foundation Track

Elevation Drive

Azimuth Turntable
Bearing

Figure 4-5.  Short Focd Length, Dome
Type Refractive Fresnéd
Lens Concentratar

Figure 4-6. Reflective-Type Fresnd
Concentratar

AAIl, ard E-Systempsto exploe nev opti-
cd conceps for concentrators

FY 198l Plans

Fresné lens ard thin film optical-elemen
conceps with goal potentia for low ini-
tial cod will be selecte ard fabricated
and they will then under® opticd test
ing. A prototype seconday concentrato



Faceta Thin-Film Concen
trator

Figure 4-7.

Unsupported Vacuum Focused Receiver

Double Membrane

i

Stretched Thin-Film Con-
centrator

Figure 4-8.

will be designed fabricated ard evalu
ated A successfueffort will require low-
cost high-performane opticd elements
lightweight structures ard tracking ard
contrd systens tha are economich ard
reliable
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4.13 Advanced Hea Engines

Improvemen of heat-engie technoloy
applicabk to sola therma electrc powe
systens is a key facta in achievirg high
systen efficiency ard therely reduce the
cogd of electricity. The production of
electricity from sunlight via hed requires
a subsystm to convet therma enery to
electricd energy This powa conversio
subsysten consiss of a hed engine a
generatoy ard auxiliary components

Existing engire technologis are beirg
used whereve possible to achiewe signif-
icant developmenta cod reductiors for
sola therma application programs The
god of the advancd heat-engie subproe
gram is to identify ard adop technologis
being developd for automotive ard othe
programs to achiewe efficient, low-cost
reliable systens for sola therma applica
tions The subprograns emphas is on
relatively smal power-conversin subsys
tems to genera¢ nomind powe levek of
approximatey 20 kW, with operatimg
temperatue range from 315 to 1370C
(60C° to 2500 F).

FY 198 Accomplishmens

Enery Researb ard Generation Inc.
performel a conceptub desig stud/ of a
15 kW, free-piston Stirling engine The
engine/alternatois predictal to achiewe a
conversim efficieney of 60% a 840 C
(1540°F) The conceptub desig involves
nonstrategs materials Sone of its othe
advantage are an isothermalizer self
pressurizd gas bearing ard systen
stability.

The Foster-Mille Associates Inc. com
pleted a 15-kW, stean Rankire rehea
reciprocato systen for sola therma
powea conversion The desig study estk
mateal a heat-engie efficiengy of 36% at
700 C (1292 F). Testimg is being carried
out ard will be complete this year Crit-
ical technicd issue for this engire con
cepg are the expande performane ard
systen durability.



Jay Carte Enterprise completel a Rank
ine engire study The desig stud/ estr
mated a heda engire efficiengy of 33% at
675 C (1250 F). The expande is an adap
tation of an existing automotie engire
and it has counter-rotating counter
balan@ shafs to eliminate vibration The
study concludel that becaus of the grea
departue from automotie technology
the developmen of an expande for rehea
cycle operatim will incur highe risk ard
require more developmen effort than the
simple cycle

4.14 Transport Subsysten

4.1.41 Thermochemicd Transport

The use of reversibé chemicd reactiors
to transpot collectal sola enery is
being actively investigate becaus of its
promie of substantih cog saving com
pared with conventionh therma trans
port. Possibé applicatiors include pro-
duction of fuels ard chemica$ as wel as
industrid proces heat The cog saving
shoutl be possibé becaus transpot line
ard storag temperature will be nea
ambient thus minimizing thermd losse
ard piping ard insulation costs

Reversibé chemic4 reactiors can be run
in eithe of two directions usualy with
the aid of catalysts ard will eitha absob
or releag enery as heat In sola appl
cations enery will be absorbd in a
receive using an endothernd reaction
transportd to its point of use a low tem
perature ard releasd using an exother
mic reaction

The purpog of this investigation is to
demonstrag the technica feasibility ard
economc attractivenes of this methal of
transport Emphass is on selectilg the
mod promisirg reactiors from technicd
ard econome points of view, demonstrat
ing technicd feasibility throudh analyss
and sola testing amd determinimg eco
nomic attractivenes through comparatie
cod studies
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FY 198 Accomplishmens

Reaction screenig studies performel pre-
viously a Rockd Researbh Co. ard JA.
haw indicatel tha the mog promisirg
candida¢é reactiors are sulfur trioxide
decomposition carbo dioxide reforming
of methane and stean reforming of meth
ane

The Navd Researkh Laboratoy (NRL) has
been pursuig SO; dissociation studies for
the pad severayears In 198Q they com
pleted feasibility testig of a quarz SG;
reactod a New Mexico Stae University.

JAL has conductd a stainless-stdereac
tor validation teg of SO; dissociatiom at
New Mexico Stae Universiy ard
compare it with a coupla kinetic heat
transfeé compute model

A Solchen receive containig CO,-CHy
reforming converter-heta exchang coils
was operatd a the White Sand Sola
Furna@ by New Mexico Stae Universiy
during Decembe 1979 Energy conversio
rates of approximatef 33% of the inci-
dert enery were observd usirg stainless
sted converte hea exchangers Work
during May 198 (unde contra¢ to SER)
included a detailal experimenth investt
gation of nickel-coate Raschig-rilg cata
lyzed stainless-stde receive elemens
usig 31 ard 51 mixtures of CO, ard
CH,, respectively It was concludel tha
catalys dama@ causd by the enery
conversim chemic& reactiors occurrel
during thee tests A Kanthd SO
receive elemem containig a rutheniun
catalys carried on smal stainless-stde
saddles was al testal during May 198Q
Energy conversio rates greate than 3 kW
were observe with heat-to-chemidacon
versin efficiencies of greate than 50%
ard little or no damag to the catalyst

Westinghous Corporatin (unde contrad
to JPD ha completel fabrication ard
begwn testing of an SO; receive moduk
mace of stainles steel This moduk is
illustrated in Fig. 4-9. The ted objectiwe
was to evaluaé heat-exchange/catalyst
interaction experimentally
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Figure 4-9. Westinghoug SO; Receive
Module

FY 198l Plans

New Mexico Stae Universily will continwe
testig the Navd Researb Laboratoy
Kanthd SO; reactor condud¢ furthe
tess with the stainless-stdereacto sup
plied by JPL, ard perfom additionad test
ing of the Westinghoue reactor Thes
experimens will provide verification of
analyticd method amd serwe as the bass
for the desigqh of sola receives for the
dissociatimm of SO;.

4.1.42 Thermal Transport

Thermd transpot for dish systens is
accomplishd by a netwok of pipes
pumps amd controls The pipe diamete
and distribution of insulation thicknes is
optimized by the metha of Lagrang
Multipliers, within the constraing of
specifiad pumpirg powea ard therma loss
Emphass has been placal on identifying
low-cog advancd technique for pipe
installation  Conventiond method are
quite labor-intensive requiring field
installation manud welding techniques
and nonautomaté constructim of pipe
supports Advance techniqus tha hold
promise for reducel coss include (1) fac-
tory fabrication of risers/downcomer as
an integrd pat of the dish structure
(2 automatd manufactue of netwok
pipe componerg ard subassemblgein a

CERAMIC INSULATION
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factory, (3) semi-automat@d field assem
bly, ard (4 use of flexible metd hos
technology Use of thee advancd tech
niques has the potentid to redue the
installed pipe netwok coss by 50% com
pared with conventionh labor-intensie
methods

4.15 Control Systens

FY 198 Accomplishmens

Testig of single-axs swn trackes began
in FY 198 to suppot the line-focws tech
nology developmen program A ted
apparats was designed built, ard
installed at the SER Interim Ted Facil
ity. Both commercialy availabk swn
trackes ard prototypes of sun trackes
still unde developmen are beirg tested
A descriptimm of the maja types of line-
focus s trackes ard some recen
tracke improvemens was publishel [1].

Activity Description

Sin  trackes haw been troublesone
componerg for line-foculs concentratig
collecta systems The problens haw
included poa accuracy componeh fail-
ures false locks on clouds ard restrictel
tracke operatirg ranges In respons to
these tracking difficulties, a variety of
improved swn trackes has been devel
oped The testirg progran a SER deter
mined the tracking accurag of this new
generatio of s trackers Ead systen
of tracke electronic was installad on a
highly controllable hydraulicaly driven
teg stand The electronis of the tracke
contrd a hydraulc rotaly actuator which
turns the collector A precisim shat
encode (resolutim betteg than 0.059
generate pointing angk signak to an on
site computer The® measuremestare
taken ove severh days to ensue
repeatal# results Of particula interes
is tracking performane for the range of
sky-cloud conditiors tha operatig sys



terrs encounter Ead sun tracke was
testel until its performane was charae
terized as a function of clowd cover insot
ation level, ard time of day.

FY 198l Plans

Although al the trackirg accurag data
hawe na bea fully evaluated it is clea
that sever& sun trackes offer exceller
tracking performance While improve
mens aimel towad cost-reductia or
field durabili will be beneficia
improvemen of current trackirg accurag
does na appea warranted Currern
tracking concepd hawe bea sufficiently
developd from a performane standpoint

Contros developmen is needd in the
area of systens integration Thee is a
neal for bette field control/loca contrd
integration Desigrs tha minimize wiring
lengths ard redu@ contrd installation
coss would be significart improvements

416 Facilities

4.1.61 Advanced Componen Researt
Facility (ACRES)

The purpog of the Advancel Componeh
Researk Facility & SER is to provide
the Caé:)abllly to ted ad develp
advancd componert relatel to point
focus sola concentratig collectors
Thee componerg inclu receivers
optics trackig mechanismsard energy
transpot methods

In late FY 19®@ ard continuirg throudn
FY 198Q two 6 dishes were convertel
into flexible ted loops to provice the
aforementione ted capability The norh
dish was convertel into a high
temperatue thermad ted loop with the
ability to deliver a wide range of coolart
flow rates pressures ard temperature
for testirg receives ova a wide varie

of operatig conditions The souh di

was convertel into an opticd teg fixture

with the developmen of severa tedg
techniqus including a real-time flux map
per, a techniqe for opticd alignmert
(reverg reflectim method) ard the

developmen of a cold-wate calorim
eter. The facility is show in Fig. 4-10
ard resuls from the flux mappe are
shown in Fig. 4-11

Figure 4-10 SERI'sAdvanced Compo-
nent Researt Facility
(ACRES)

Figure4-11 Flux Map of Point-
Focus Sola Collector



In late FY 198Q the opticd efficiency of
the south dish was characterizé with the
cold-wate calorimeter Also, testirg of a
high-temperatu cavity receive
develope a SER began

4.1.62 DOE Advanced Componens Ted
Facility (ACTF)

The Advancel Componeh Ted Facility,
operatel for DOE by the Georga Institute
of Technolog Engineerig Experimen
Station unde contra¢ to SER| uses an
arrangemenof tracking mirrors surround
ing a centrda towe to provide con
centratel sola flux a the focd zone In
addition a sophisticatd computer-bask
data collection systen at the facility
permits timely recordirg ard presentatio
of experimen results Figure 4-12 shows
the facility.

——

- —“ - . —
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R ———

Figure 4-12  View of the Advanced
Componens Ted Facility
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The ACTF, locatel on the Georga Tedc
campus has as its primaly purpo® the
encouragemdnof researb ard develop
ment in the area of high-temperatwr
sola technology It serves as a flexible,
convenien ted facility, accessil# to both
public ard private researbh ard develop
mert organizations

The currert configuratioo of the ACTF
makes it particulary wel suited for the
testing of.

moderate-scal centra receives ard

centrd receive componerds sudh as
steam air (gas) ard liquid heatirg
devices

high-temperatwer materials both met
allic ard nonmetalli¢

photovoltac conversio systems

high-temperatle chemicd reactin

systens ard components

totd enery systens powera by sola
enery alore or hybrid systens of sola
ard fossl fuels

thermad pulse-shapig devices ard
hardwae respone to therma pulses

The heliostas are electrically driven by
their mechanich suppors so tha the
focd zore remairs stationay throughot
the day. The radiatio flux densiy in the
focd zore is on the orde of 15 Wi/cn?
(seasonayl dependentard the correspond
ing tota powe is 3% kW, for an avera@
insolatian of 900 W/n? on the mirrors

FY 198 Accomplishments

Fou high-temperatwr experimens spon
soral by the Sola Therma Ted Facilities
Users Associatim were conducte on the
ACTF during FY 198Q The® test are
describé in Sectio 4.4.1 of this report

A new contrd room (Fig. 4-13 was con
structed in 198Q This building has a
raised "compute room' floor to facilitate



Figure 4-13 Advanced Componens
Ted Facility Control
Room

the installatim of use experimenth
hardwae ard controls ard it houss the
collection ard processig portion of the
facility's data system Large windows in
the eas wall of the new contrd room
permit an unobstructd view of the helio-
stat field ard the centrd tower Mirror
tracking improvemerd were alo com
pleted during FY 198Q

FY81 Plannad Activities

A maja progran to improve mirror shap
is in progres ard is to be complete in
1981 This progran involves possibé
hardwae replacemen (mirrors and/o

frame9 as well as the in-deph assessmén

of currert mirror focusirg method ard
hardwae which is nov unde way. In
addition in-hou® researh in the area of
high-temperature solar-compatit# in-
strumentatio is currenty beirng plannel
for 1981

The ACTF is nowv a fully operationh maja
sola thermd ted facility. The in-houe
researb prograns as wel as the ongoirg
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ard proposd facility improvemend will
enhane the capabilities of the facility in
the coming year.

4.1.63 SER Mid-Temperatur e Collector
Researt Facility

The Midtemperatue Collecta Researb
Facility (MTCRF) (Fig. 3-11) a the Sola
Enery Researb Institute is a versatik
ted facility dedicatd to researh relating
to the opticd ard thermd performane of
concentratig sola collectors Both bastc
ard applied researb problens can be
addresseé with the MTCRF.

The collecta teg loop is currenty
installed at SERIS Interim Field Ted Site
in Golden Colo. Initial desigh services
were procura@ in May 1978 with bids for
constructiomm solicited in Novembe 1978
A contra¢ for fabrication was placel in
Januay 1979 The ted loop was com:
pleted ard shippel in Novembe 1979 The
ted loop (Fig. 4-14) becane operation&in
Jure 1980

The presen configuration of MTCRF is a
single collectad moduk ted loop capabé
of therma performane measuremeston
a variety of collecta types ove the mid-
ard low-temperatue range Basc fea
tures are

* Numbe of collecta work
stations 3

Numbe of collectos active at ary
time: 1 (FY 1980) 2 (FY 198)

Maximum collecta area serviceabd
(basel on pe& performane of two
collectors) 372 m? (400 ft?)

Fluid flowrate 0.8-38 L/m
(0.2-10 gpm) per collecta

Operatig temperatue range
Water. 66°- 232C (150% 450 F)
Hea transfe fluid: 66°- 343C
(150> 650 F)
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Figure 4-14. MTCRF Test Loop Schematic

FY 1980 Accomplishments

The major FY 1980 accomplishment was
the achievement of operational status for
the MTCRF test loop. This occurred in
June 1980 after fabrication and delivery
of the test loop, completion of the interim
field site construction, and initial debug-
ging of test loop operation and data acqui-
sition software.

Initial test plans call for a series of exper-
iments to support development of a ther-
mal performance test method for concen-
trators. The test plan has been based on
continuing participation in standards or-
ganizations, primarily ASTM. Partici-
pation on ASTM Committee E-44 on Solar
Energy began after evaluation of test
methods showed inadequacies when
applied to concentrating solar collectors.
A draft standard has been under develop-
ment based on input from committee
members representing consumers, pro-
ducers, and researchers who have a direct
interest in concentrator testing. This
draft will eventually lead to agreement on
a standard for thermal performance test-
ing of concentrators.

Research on standards covers the broad
categories of testing techniques, instru-
mentation, and data analysis. Some spe-
cific issues include:

* Alternate methods of collector effici-
ency measurement, namely the refer-
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ence-heat-source calorimetric- ratio

technique.

* Off-peak performance of both tracking
and nontracking concentrators, includ-
ing the effects of and compensation for
end effects.

+ "Time constant” measurement and its
role in evaluating performance.

The reference heat source is of special
interest since the MTCRF has the first
such apparatus to operate over the mid-
temperature range. This technique offers
a potentially attractive alternative to the
traditional mc, AT method for measuring
collector useful-energy gain. These issues
are of importance not only to the stan-
dards development process, but to other
research areas within the solar thermal
arena.

4.2 MATERIALS RESEARCH AND
DEVELOPMENT

The objective of the Materials R&D Sub-
program is to accelerate the development
and acceptance of solar thermal energy
systems by establishing the technical fea-
sibility of applicable materials and pro-
cesses technology. Attaining this objec-
tive will minimize the life-cycle cost of
delivered energy by optimizing the cost,
performance, and reliability of materials
subsystems. The Materials R&D Subpro-
gram is divided into two sections: Optical



Materiak ard Therm& Materials The
stratey for Opticd Materiab is to
develop throudh industry high-perfor
mance low-cost durabk systens for
domes ard mirrors ard low-cod opticd
suppot materials evaluaé metallization
processse for glas ard polymers ard
develpp ard verify fabrication/assemil
processs amd associaté materiak tha
will permt cost-effectie constructio of
glass or plastc concentrators The
stratey for Therm&a Materiak is to
improve the efficieney by which absorbe
materiabk convet sola enery to thermd
enery ard improwe the durability of the
absorbe in use ard develg durabk alloys
or alternae containmen materials

During FY 198Q plannirg for this progran
was conductd by the Sola Enery
Researh Institute (SERI) Sanda Nationd
Laboratories at Livermore (SNLL), Je
Propulsion Laboratoy (JPL) ard Pacific
Northweg Laboratoris (PNL). Researb
and developmeh was conducte by thes
laboratories ard throudh subcontrad to
private industries ard universities SER
was responsi# for managig the pro-
gram The FY 198 progres of thes
combinal efforts follows.

4.21 Optical Materials Elemernt

The Opticd Materiak Progran includes
work on reflectors suppot substratesard
transmittirg materiaé for concentratos
in sola therma systems  Materiak
researb continue@ in FY 198 on reflec
tor, transmitter ard structurd technoloy
applicabé to thes concentrato desig
options Examples of thee are shown in
Fig. 4-15

In the area of transmittig materials
researb was conductd on glas ard poly-
mers In FY 1979 a ted run was com
pleted with glas made by Corning Glas
to specificaly addres thes issues This
glas has a 10% highe sola transmittane
ard an 11% highe fracture toughnes than
soda-lire float glas ard can be fabri-
catal in thicknesss of less than 15 mm.
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Elements

This glas was distributal to numeros
manufactures ard designes for testirg
and evaluation The resuls of ther
experience will be compiled in arepot in
eary FY 1981  Becaus of the high
transmissiviy ard thinnes of this glas
(Corning 7809) a new cutting procedue



for production applicatiors was required
Tess in FY 198 hawe shown preliminay
feasibility for the CO, lase cutting of the
glass

Polymerc materiak are anothe option
for transmittig materials A maja con
sideration with the® materiak is the
improvemen of long-tem stability ard
durability.

SER has developd a techniqe usirg
Fourig Transfom Infrared Spectroscop
(FTIRS which is extremey sensitie to
changs in polymea chan chemistry This
permits the stud/ of mechanism of real
time polymea degradation JA. developed
maximun valid acceleratia factors for
the evaluatian of ultraviolet (UV) degrada
tion in various polymerc materials This
in tum defines the extent to which degra
dation may be acceleratd ard still pro
vide valid life-prediction  estimates
Experiment& verification of this modé
will continte in FY 1981 A modé spect
fic to the photodegradatio of polymethyt
methacryla¢ acrylics (PMMA) was also
developd by JA. allowing long-tem dur-
ability predictions This mode is beirg
usal to modify PMMA acrylics ard
devel@ polymes of increasd durability.

In concentratig systens a key elemen is
the reflecta surfaces The® can be of
two designs (1) second-surfae mirrors of
glas or polymer usualy metallized with
sudh metak as aluminum or silver, or
(2 first-surfa@ mirrors with the metat
lized surfa@ exposed thoudh perhapg with
a protective coating

Reactios at the silver/glas interfae
hawe bee studia to improwve the adhesio
and degradatia resistane of the reflec
tor. PNL has fourd tha lanthania
treatmen of the glas before metalliza
tion improves the durability of the reflec
tor, althoudn the mechanim is not clearly
understood Silver agglomeratia has been
identified by SNLL as a possibé degrada
tion mechanism Studies a SNLL ard
SER indicake sone migration of coppe
from the mirror bak to the silver/glas
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interface which may affed mirror life-
time. SER determind tha unde sone
conditiors coppe can promok electre
chemicd degradatia of the silver reflec
tor. Preliminay dat from SNLL also
indicate tha modera¢ temperature
[100° C (212 F)] induce a reduction of the
sola reflectane of mirrors The® find-
ings will be studied more extensivey in
FY 1981

Although wet-proces silver/glas mirrors
are presenty the industy standard alter
nat processe sudh a vacuum
evaporatie ard sputterirg technique may
offer advantages Onre possibé alloy is
silver-aluminum which  promise the
improved durability of aluminun with
reflectane approachig tha of silver.
Cornel University, a SER subcontractqr
examing the idea of alloying aluminum
with variowss rare eartls to improve the
reflectance It was determind tha sud
an improvemenh with rare eart is theo
retically impossible

SER has initiated a testirg progran of
the broal spectrm of opticd materiak in
a variey of environmerdg to gan real
time dat@ ard information for a materiaé
performane handbook This progran will
be expandd in FY 198l to include indus
trial proces hed sites

Accurate measuremestof opticd proper
ties are critica to opticd materiaé
design SER has developd a spectrom
et with an improvel integratirg sphee
which permis extendd measuremen
capabiliy in the infrared spectrum A
fully automatd spectromete measurig
solar-weightd absorbtivity emissivity,
ard reflectivity has been developd at
PNL. PNL has designé a two-dimensionh
lase contour-mappig system which mea
sures the specid speculariy of a reflec
tor. Reflecta fidelity can alo be mea
sured using a mirror figure apparats
develope a PNL. A moire patten is
projectal on a mirror ard ary deviatim
from flathes causs distortion in the
patten which can then be measurd
electronically



Critical evaluatim ard testing requires
accurate reproducibé standards Unde
SER contract the Nationd Bureas of
Standard has developé two standard for
high and low diffuse reflectance Desig
natel SRM 2019-209 ard 2021-2022
respectively thee standard may be pur-
chasd through the Office of Standad
Referene Materials A specula reflec
tane standad is unde developmen ard
will be availabk for purchas from NBS in
FY 1981

Lightweight structurd materias of high
dimension& stability ard moderaé coss
are necessar for a variety of opticd ele
ments JA. has demonstraté technica
feasibility of SFG-formirg cellular glas
with densifi@ face skin to improwe dura
bility ard lifetime. Preliminay desig for
incorporation in concentrato desigh has
been completed A stud/ was alo com
pleted tha identifies generc cost
performane optimization for flat or
curved panels

4.22 Thermal Materials

Materiak developmertt in this area relake
to the requiremerd for receivers as well
as associaté containmenh ard heat-trans
fer materials Figure 4-16 illustrates
exampls of thee materiak systems
Throudh multilaboratoy cooperation a
containmen materia researb ard devet
opmern plan was completa that outlines a
comprehensi@ progran for containmenh
materiak developmen ard evaluatia [2].
JAL developd a performane predictiin
modeling analyss of the use of ceramic
in high-temperatwe receivers

Ore portion of the receive which has
been unde developmeh is a selectie
absorbe coating stabk at temperature
up to 500 C. Two optiors for selectie
absorbe coating identified in FY 190
were evaluaté in FY 1980 Subcontract
were awardel to Telic, Inc. ard Raythem
Co. to evaluaée the commercia produc
tion feasibility of vacuun depositim or
chemicd vapa depositim to deposi
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absorbe coatings This evaluation will be
completel in FY 1981 Efforts to charae
terize blak chrone degradatio con
tinued Unde a SER subcontrac the
University of Housta proposd a modé
ard degradatin mechanisn  for bladk
chrome The theoy is tha a elevatel
temperature particulae chromiun is
gradualy oxidized resultirg in the reduc
tion of opticd performance Efforts to
evaluaé bladk cobat as an alternatie
coatig continued Resears resuls at
SER indicae tha the coatirg is stabé to
600C if the substra¢ is stabke to tha
temperature SER al® establishd opti-
cd criteria for the contrd of the solutin
chemisty of bladk chronme ard blak
cobat deposition A paten disclosue for
this proces filed. A ted facility to
scre@ absorbe coating to 550 C wes
aloo completel & SER which includes a
variabe environment therma cycling,
ard up to 1 X exposure This equipmen
will be utilized in FY 1981 to evalua¢
currentlyy availabé absorbe materials



4.23 Data Base

Collection of information for a materiaé
data ba® was initiated at SER for mate
rials in both opticd ard therma systems
This information is scheduld to be avail
able throudh SERIS Sola Enery Infor-
mation Data Bark in FY 1981

4.3 FUELS AND CHEMICAL S

A large portion of the fuels ard mary of
the chemicat mack today are the prod
ucts eithe of refining operatios or endo
thermic reactions both of which require
heat Sola thermd technolog can be
usal as an environmentall benigh ard
clean sour@ of enery to produ@ mary of
thee fuels ad buk chemicals Curren
practices in synthetc fue processig of
nonrenewald feedstock (e.g, coal lig-
nite, ard oil shalg require tha a portion
of the feedstok be burnal to suppl heat
using sola therma as the hea soure can
exterd thes limited resource by as muct
as 40% Othea endotherna reactiors
using only renewab¢ feedstock sud as
water, CO,, ard biomas al® can be
coupld with sola thermda to produe
fuels ard chemicals In addition the very
high-temperatuls hea amd concentratd
photoeneryg availabe from sola therma
technoloy may be applied to explore new,
advancd endothernt reactions

Specifc objectives of the fuels ard chem
icals progran are

* ux of sola therma enery to produe
conventiond fuels utilizing domestt
nonrenewald feedstock to repla@
imported fuels with initial commer
cialization by the early 1990s

* ue of sola thermd enery for produc
tion of selecte heay chemicas ard
fertilizers by the early 1990s

» demonstratio of the feasibility of fud
ard industrid feedstok productio
from domesti¢c renewabé¢ resourcs by
199Q ard
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» continuel exploratim of the unique
capabilities of sola therma enery in
high-temperatuwr thermochemisy ard
high-intensiy photochemisy for manu
facturing nev fuels ceramics ard
chemicals

In FY 198 the DOE San Franciso Opera
tions Office was given the responsibiliy
for managig the fuels ard chemica$ pro-
gram  Progran elemens will be con
ducted by industrid contractors universt
ties, and othe governmen laboratories

A summay of
FYy 198 follows.

progres mac during

4.31 Biomass Pyrolysis

Project Description

The objectives of the sola thermad fuels
and chemicas effort at SER is to estab
lish the technich ard econome feasibility
of usirg high-temperatwr sola therma
energy in a proces for convertirg agricut
turad wase producs suh as whed strav
into liquid hydrocarbos ard alcohot for
ue as fuel. This tak involves severa
concepts All rely on the bast principle
of storing sola enery as chemica bord
enery via endotherms chemicd reac
tions. Ore concep is the integrd chem
ical reactor/receive wherely the endo
thermic reaction is carried out within the
sola receiver Anothea concep is to pro-
duce diesé fud from biomas materiab
through pyrolyss ard synthesis The lat-
ter is beirg researché a Arizona Stae
University using conventiond enery
sources The final concep is to apply the

technoloy to the agriculturd sector A
diagran of the proces is shown in
Fig. 4-17.

In FY 198 the laboratoy apparats was
fabricatel ard installed (Fig. 4-18) The
apparats is instrumentd to provide dat
on temperature flow rates ard powe
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requiremend of the pyrolyss reaction
An enery ard preliminay econome
analyss of the proces indicates tha the
sola proces is competitive with usirg
biomas as a hed sour@ when the cog of
heliostas is $85/nf ard biomas cost
$65/t A sola receive for pyrolyzing
biomas (basel on the coppe receive
describel in Sec 4.1.) usig a 6-m
diamete parabolc dish a the SER
ACRES ted site was designd ard built.
Simulatel pyrolyss gas was useal in the
laboratoy to produe diesé fud in a
Fischer-Tropske catalys reactor A
chromatogren of the synthetc diesé¢ ard
commercida diesé No. 2 is shown in
Fig. 4-19

FISCHER — TPOPSCH
‘! PRODUCT

DIESEL FUEL

Figure 4-19. Chromatogram of Synthe-
tic Diesé¢ and Commercid

Diesd No. 2

4.32 Sola Thermal Fuels and Chemicak
at Lawrence Liver more National

Laboratory

An overal analyss of hov sola enery
could be applied to the production of fuels
has bea performel with the aid of a net
enery analyss stud/ performel by the
Coloracd Enery Researb Institute The
net enery analyss study identified enery
losses in the production of fuels by con
ventiona techniques Using this study
Lawrene Livermore has identified four
area wher sola therma enery could be
usael to assis the processig of fossi
feedstock into fuels with a maja
improvemen in the efficiency of using the
depletabé fossl feedstock They are
sola cod gasification sola retorting of
oil shale sola stean flooding of oil fields,
and sola stean reformirng of methane

4.3.21 Sola Retorting of Oil Shak [3,4]

A detaila analyss of the technicd ard
econome feasibility of sola retorting of
oil shak was performed This analyss
shows tha sud a proces shoutl be tech
nically feasibe and dependig on the
grace of the shale shoud improve the
exportabé fud yield from the oil shak by
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10% to 40% compard with the bes com
peting (nonsolay surfa@ process A pre
liminary econome¢ analyss shows tha the
improved oil yield shoud more than pay
for the incrementh cod associaté with
addirg the sola collecta system

A demonstratin experimen usirg focusel
sola enery to retot ol shak was
performel a the White Sand Sola
Furnace The experimeh was a succes in
that oil yields of bette than 110% Fische
Assy were demonstrateé with a retott
desigqh tha usel a windov to allow dired
heatig of the shak particles as they
passd throudh the sola focus This can
be compard with conventionh surfae oil
shak retorts which typically yield 80% to
95% Fische Assay (Fische Assy is a
standad oil shak testirg procedue com
monly usel to characterie differert oil
shales)

4.3.22 Sola Cod Gasification [5,6,7,9

The repot on the sola cod gasification
work dore in FY 19® was issued This
repot presentd experimenth results
obtainel a the White Sand Sola Fur-
nace which showel technicd feasibility
and very high sola efficieney for sola
gasificatimm of coal activatel carbon
coke ard cod ard biomas mixtures

A numbe of experimend were run on a
2-KW sola furnae a Odeillo, France
where the carbonaceasi materials—char
coal wood amd paper—wee gasified In
thee experiments the stean needd for
the gasification reaction was generatd by
injecting wate on the hot solar-heaté
fuel. In the cae of charcoal
approximate} 30% of the incidert sola
enery weas storel as chemich enery in
the produ¢ gas ard 55% of the injected
watea was consumed A fluidized bal of
cha was al gasified (fluidized with CGO,)
with approximatef 10% of the sola
enery beirg chemicaly store in the
produd¢ gas The® experimend represen
the first exploration of the use of wate
spray ard fluidized bed techniques The

wate sprgy worked very well, but the
fluidized bed techniqe need consideraly
more developmen befor this approab
could be considerd promising

4.3.23 Projected Potentid Impact of
Sola Cod Gasification and Oll
Shale Retorting

The projectel potentid enery impad of
sola cod gasification ard sola retorting
of oil shak is presentd as a function of
yea in Fig. 4-200 The numbes usa to
genera¢ the figure were arrived a as
follows:

1. Totd Synthetc Fud Productimmn Rate
Lawrene Livermore Nationd Laboratoy
has had an enery plannirg groyp for more
than five years Ore of the maja efforts
of this groyp has been to develp a modé
for projectirg future enery requiremerd
and the potentid impad of nev enery
processes The curwe presentd here for
the totd synthetc fud production rate is
the bes projectel estimae usirng the
model This projection has price assump
tions built into it, ard takes into accoun a
multitude of processg for producirg syn
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Figure 4-20. Projected Potentid Im-
pact of Focusel Sola
Thermal Production of
Fuels from Fossl Feed
tock (Cod and Qil Shalg
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thetic fuels Approximatey one-hal of
the synthetc fuels will come from oll
shak ard the othe haF will be derived
from coal Fuebk derivad from biomas
are projectel to be a vely smal contri
butor. The project&l usag will chang
with pricing, increasig with decreasig
costs ard sola processe hawe na bea
introducal into the model Therefore
Lawrene Livermore has useal this pro-
jected use rate which is the beg estimae
at this time, ard estimats the potentid
impad if all the synthetc fuels were de-
rived from sola cod gasificatim ard
sola oil shak retorting processe insteal
of the assumd conventiona gasification
ard retorting processes

2. Fossi Fud Depletim Rate without
Sola Processing This is the rate a which
the fossl fud resource will haw to be
consumd to produ@ the projecta& syn
thetic fud production rate This is estF
mated by assumig both the cod ard oll
shak processe are approximatef 60%
efficient in convertirg raw feedstok into
synthetc fuels This is a reasonald
assumptia basedon mary articles abou
the various processes

3. Sola Therma Enery Requirements
This is the estimatel focusedsola ther
md enery requiremeh deliveral to a
point in spae by fields of heliostas or
dish systems It is assumd tha 60% of
that focusel enery is absorbd into the
processes ard the chemisty is tha
reportel in Lawrene Livermores sola
cod gasificatim ard sola oil shak
retorting reports

4. Fossi Fud Depletiom Rate with Sola
Processing This is the estimate deple
tion rate of fossl fuels which would resut
if all the synthetc fuels derived from cod
ard oil shak usal the sola cod gasifica
tion ard oil shak retorting insteal of the
alternae nonsola processes The differ-
ene betwea this curvwe ard the curwe for
the depletion rate without sola processig
is the projectel impad of the sola pro
cessig on reducirg the consumptio of
fossl fuels
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Thes projectiors assune tha al of the
cod gasificatim amd oil shak retorting
needé for synthetc fud production uses
sola processing However the actua
fraction of the productim tha will be
sola will be a function of the price of the
product Researchera Lawren@ Liver-
more are nov working on estimatiig that
fraction as a function of produd price

4.33 Sola Cod Gasification Program at
Los Alamos Scientific Laboratory

In Octobe 1978 the Applied Photochem
istry Division of Los Alamos Scientific
Laboratoy was funded throudh the Office
of Enery Researh to investigaé the gas
ification of cod usig a CO, lasg as a
sola simulator The gasification proces
envisionel for sola adaptimm is called
entrained-flov gasification In this pro-
ces the cod is pulverizal to a fine
powde ard entraine in a strean of reac
tant gas sut as H,O, CO,, or H, ard then
passd throudh a reactim chambe where
the enery to drive the endotherns
chemisty is suppli@ by concentraté sun
light.  The entrained-flov gasification
concep was chosa becaus it offers sev
erd advantage ovea othe gasificatin
techniques Sone of thee advantage
are

» the proces permits rapd pyrolyss ard
thus a high gas yield,

this proces has been shown to be cap
able of handlirg both caking ard noncak
ing coals

the gasifie is compat ard can be
designé for low therma inertig

processig of slag ard a$h from this
proces is mud simple than for othe
gasification methods ard

this proces will permt eay adaptio to
the ue of concentraté sola enery as
the hed source

To work towad the prod of this concep
of sola gasification the investigatos
choe to us a lase to simulat concen



trated sunlight becaus this would permt
cost-effectie rapid-turnaroud expert
mens in the laboratory The first yea of
the projed wes devotel to constructiigy
the equipmenh ard diagnostis for con
ducting pyrolyss ard gasification expert
ment on statc sample of finely
powderel coal The equipmenh tha wes
assemblé for the® experimerg was con
structel in modules for eay transpor to
existing sola furnace for verification of
the lase results The diagnostis includel
a portabe mas spectrometeran opticd
pyrometer thermocouples ard Validyne
pressue transducers A cros section of
the reactim chambe is show in
Fig. 4-21, ard detaik of the sampé gec
metries usel in the experimerd are pre
sentel in Fig. 4-22
|l
l

OPTICAL

PYROMETER CO2 LASER BEAM

PRESSURE i |

TRANSDUCER KCI WINDOW

W

\ \.\
\

7z

GAS o
INLET =TT

\
m&\\\\\\\ \\%\\\\\\\%\\\‘\m\l\

GAS -
OUTLET =l =)

Figure 4-21

Lasa Pyrolyss Cell with
Its Associatel Diagnostics

The cell was constructed of brass and the sample
pan of molybdenum foil. The dark band in the detail
represents zirconia felt paper, which serves to
insulate the pan from the cell base.
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Figure 4-22 Two Sampke Geometries
Usdl in Lasa Pyrolysis
Experiments

In (b) a 5.0 mg sample of 50- to 100-mesh

coal (0.15- to 0.30-mm particle diameter) is held
in a molybdenum pan of 9-mm diameter and

0.25 mm wall thickness and weighing 33 mg. The
coal sample is approximately 3.8 mm in diameter at
the top, 1.2 mm deep, and has a surface area of 0.10
cm?. The pan rests on the edge of a brass cylinder
to minimize heat transfer. A sheathed micro-
miniature thermocouple of 0.36 mm diameter
extends to the bottom of the sample. In (a) the
coal is held in place on a 0.25 mm thick molybdenum
disk by a tight-fitting nickel cell liner of the same
thickness. The 5.0 mg coal sample is approximately
4.0 mm in diameter at the top and 0.65mm thick(half
as thick as in (b).

With the equipmen described expert
ment were carried out to determire the
total gas yield ard the yield of specifc
gase with lase flux levd ard surroundiny
gas pressure The® resuls shav tha the
maximun ga yield ard highes heatirg
value are achievel for lase fluxes of
abou 2% Wi/cnf with a gas overpressug
of 1 atm The resuls of thes investiga
tions are discussd in detal in a recen
pape [9]. The pyrolyss of cod was
studiad in considerald detal becaus it is
the first step in cod gasification Resuls
were extende to the secom ste of gast
fication by investigatilg the gasificatio
of laser-producg cha in an atmosphez
of CO,.



In the current effort, laboratory-sca
apparats was constructd tha will per
mit lase pyrolyss ard gasification of
powderel cod entraing in reactam gases
A schemat of the apparats is shown in
Fig. 4-23 Since the stat of this effort in
April 198Q the first trial se of equipmen
has been designed constructed ard
assembled Sone vely preliminay resuls
on pyrolyss of cod in the entrain@ flow
apparats hawe been obtained

In FY 198 parametrc studies on the
en trained-flov apparats will be com
pleted ard experimend are planna& a an

4.34 Production of Alternate Fuels Stud-
ies at the University of New

Hampshire

Accomplishmenrd during fiscd 198 on the
projed¢ "Alternatt Fuek Manufacture
from High-Temperatuwr Sola Therma
System$ a the University of New Hamp
shire include the following:

* A survegy was mack of conventionhgas
ification systens suitabke for use in
conjunction  with sola enery to con
serne nonrenewald fuels

* A gas-recirculation-ty@ hybrid gasifi

existing sola furnae tha will permi cation systen was identified In the
verification of the lase results hybrid unit, a high-temperatuw sola
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Figure 4-23 Schematc of Lasa Pyrolysis and Gasification Apparatus
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thermd systen will suppy the neces
saly enery to sustan the endotherna
reaction to produ@ stean required for
the proces ard for generatig powe
required for the plart operation

* A cod analyss for conventionh as well
as hybrid gasification units using wood
peat lignite, ard cod as feedstok was
made Totd capitd investmen (includ-
ing working capita) ard operatig cos
for the production of 250-MM SCF/dy
of pipeline gas (methang were estr
mated amd an economc feasibility
study for differert hybrid systens was
performed

* A compute progran was developd for
calculatirg the cog of synthetc natura
gas for the gasification systens dis
cussed ard the effects of the coss of
rav materiak and changs in the plart
investmem on the cod of synthetc
naturd gass were analyzed The dat
generatd are stora in compute files
for eay evaluation

» Desigh of a two-stag bed-gasificatia
unit was completed This systen con
sists of two fluidized bed reactors The
stage | reacto is a hydrocarbonizer
The produd¢ cha from stage | is fed to
the stage Il reacts where gasification
with stean is carried out Pat of the
gas from stage Il is removel as produd
ard the red is preheatd in a sola
receive or cod combustion unit ard fed
to stages | ard 1l. The gaseos producs
from stags | ard Il can be utilized as
fuel or for the production of synthetc
naturd gas or chemicals

Methods ard coss to transpot cod to
solar-intensie regiors were studied
Transpot by barges ard unirai will be
economical ard cod slurty transpot is
anothe possibé option

Sizing of plans was studied Ther are
mary industris whos requiremen of
fue ‘gas may be abou 25 x 10° Btu pe
day. The cog of producirg gaseos fud
from sud smal units was estimated
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* Two papes haw bee presentd [10,1]
on this work, to disseminag information
as widely as possible

Futur e Plans

* A bench-sca hybrid unit will be fabri-
cated ard experimend will be carried
out to stud/ the variows aspecs of the
gas-recirculatia hybrid system

Plars for tess a the Georga Institute
of Technoloy Advancel Componeh
Ted Facility will be completed A pre-
proposa for testirg the bench-sca unit
at the ACTF usirg the ceramc honey
comb matrix sola receive developd
and testel by Sandes Associats has
been prepard ard submitted The use
of this receive was discussd with
Sandes Associates the firm agreel to
collaborae in the use ard testirg of its
receiver

 Economc feasibility assessmest for
hybrid sola units with respet to expot
potentid will be made togethe with a
preliminay survey of hydrocarba (fos
si ard biomas} resourcs in foreign
sunbel countries

4.35 Developmen of a New High-
Temperature Gas Receiveé Using
Direct Absorption by Ultrafin e
Particles at Lawrence Berkeley
National Laboratory (LBNL)

The purpo® of this work is to develp a
new type of sola thermad receive tha is
placal a the focus of a centrd towe or a
paraboltc dish concentrato system The
principle of operation differs from othe
advancd receive desigrs unde develop
mert in that the solar-to-thermb conver
sion is accomplishd by a dispersion of
ultrafine particles suspendg directly in a
gas to absob radiant enery from concen
trated sunlight The very large ratio of
surfae area to volume exhibited by smal
particles makes them ideally suited for
this application
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Figure 4-24  Desiqn of a Laboratory
Model of a Small-Particle
Heat-Exchange Receive

The Small-Partick Heat-Exchang Re
ceiva (Fig. 4-24 can be usa to powe a
Brayton-cyceé engine suppy industrid
proces heat or directly hed a gas to
provide enery for a chemicé reaction
Small-partice heat-exchang receives
shoutl prove suitabk for a wide range of
sizes ard a variely of applications The
advantage of thes receives are ther
simplicity, low pressue loss light weight
high opticd efficiency, lower chambe
temperaturs for a given gas temperature
ard lack of problens associatd with hed
exchange lifetime.

The feasibility of the concep ha bee
unde investigation for the pag two years
at Lawrene Berkelgy [12]. The approab
is to investigae the particle production
methods stud/ the opticd ard physicd
processe of absorptio ard heatirg of the
particles design ard build a receive
chambey ard condud¢ laboratoy ard field
test of the complee system
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4.3.51 Technicd Progres [13,14

The FY 198 experimenth progran had
three man thrusts particle production
particle characterization ard the desig
and constructimm of a bench-tes receive
to determire the performane of the par
ticle-gas mixture as a heda exchanger

Work was performel on three alternatiwe
method of producirg carbao particles
They included the use of an enclosed-d#
fusion flame a high-intensiy arc in an
inert gas atmosphergard the pyrolysis of
hydrocarb@ gases The lags methal
appeas especiaf attractive becaus it
offers a high-yield particle soure tha
can easiy be incorporatd into the
receive design

After production the particles are routed
directly to a ted fixture to determire the
opacily of the suspensio ard the mas pe
unit volume Sampls of the particles are
taken for spectroscopy microscopy ard
chemicd testing Laboratoy measure
mens haw yielded extinctiors in exces
of 9% for light patrs of 30 cm with spe
cific extinction coefficiens of 15 to
20 m?/g. The® resuls are extremey
encouraging since they establi® tha the
particles haw four times greate absorp
tion than predictel by Rayleigh scatterimg
theory. This highe extinction coefficiert
has the effed of reducirg the alread
extremey low requiremen for particles

To demonstrat the operatiomm of the maja
componerd ard of the small-partice
heat-exchang receive (SPHER ard to
obtan laboratoy dat on its operation a
bench-tes receive is being constructd
(Fig. 4-24) It consiss of a window, a
chambe to confire the gas-partick mix-
ture, ard a manifod to condu¢ the mix-
ture to the receiver The inheren simpli-
city of the design is appareh from the
sketch

The analytc effort is continuirg to inves
tigate severd uniqe aspecs of the
SPHER concept The< include the deter



mination of the particle temperatue for
various operatig conditions the absorp
tion ard scatterig properties of smalt
particle suspensios illuminated by con
centratel sunlight and the investigatio
of the three-dimensioraflux distribution
inside the receive cavity.

4.3.52 Future Plans

The god of the progran is to demonstrag
the operatiom of a practicd high-tempera
ture gas receive baseé on the dired
absorptim of smal particles Towad tha
end plars cal for the detaile laboratoy
testing of the bend receiver The exper
ience gainal from these tess will provide
the information necessar to desiqp a
SPHER suitabk for testimg a a Nationd
Sola Ted Facility.

4.36 Sola Fuels and Chemical Activity
at JPL

In FY 198Q fuels ard chemica$ researh
was undertaka a JA. in the following
areas

» sola production of furfural;

* reconcentratio of spen sulfuric acid
* incineratio of toxic chemicals ard

* wet-ar oxidation

Efforts were al®o mace to identify area
of future researb that look promising
The primay conceps which emergéd
involved production of alcohok by sola
driven processg usirg feedstock of coal
peat lignite, ard biomass

4.3.61 Furfural Production

Smal quantities of furfurd were mack in
preliminaly laboratoy test using com
cols as the feedstock A smal pilot plant
was al built ard testal usirg an electric
stean generator This experimenthsetp
is shown in Fig. 4-25 Resuls of the test
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Figure 4-25 The Solar-Poweral Reac
tor for the Production of
Furfural

were very encouragig in terms of both
yield ard quality of furfural.

Efforts are currenty unde way to inter-
face this plart with a test-b& concen
trator (TBC) a the Parabolc Dish Ted
Site a Edwards California It will be
ground-mountd ard fed by stean from
the parabolc TBC. Wok was begun to
design a large pilot plant alo to be
interfacel with the TBC. When this is
accomplished the smalle plart will be
returne to JPL It will be used with the
electric stean generator for refinemen
of proces conditiors ard testing of new
furfura feedstok materials

The only commercia manufacture of fur-
fural in the U.S is the Quake Oat Co,
ard they hawe shown an intereg in its pro-
duction by sola means In the JA. work,
it was recognizé tha residus from the



furfura proces can be usel as a feed
stok for the productiomm of alcohok or
acetone This is readiy dore usirg the
residie tha resuls from the first step in
the furfura process—a initial hydrolyss
of the polysaccharide from com cobs

4.3.62 Reconcentration of Spernt Sul-
furic Acid

The reconcentratio of spen sulfuric acd
has attractel increasig interes in recen
years This proces involves vaporizatio
of the acd amd decompositia to sulfur
dioxide, followed by processig in an ordi-
nary contact-proces plart to yield new
acid As aresut of preliminay studies a
direct-radiamn  boiling concep was
selectel to cau® the initial vaporization
of the acid This approab avoids the use
of solid heat-transfe surface in contad
with the liquid acid An apparats of
bend scale as shown in Fig. 4-26 was
constructed It uses a 61 x 45 cm Fresné
lens to concentrag the suns rays onto an
insulatel glas vessel The entire assem
bly was attache to a pola mourt to tradk
the sun

The setyp was testa first with distilled
watg ard then with reagent-grad 98%
sulfurie acid Inorganc sals were addel
to increag absorptiom of the sola flux.
Boiling todk place throughod the fluid
volume a the normd boiling point of the
fluid. Boiling of sulfurie acd by this
methal proceedd very smoothly in con
trag to the distilled wate which splat
tered violently. Therma efficieng of
this small-sca¢ vaporizatim metha was
approximatey 50% basedon incidert sola
radiation a the surfa@ of the lens

4.3.63 Incineration of Toxic Chemicak

Possibé applicatiors of the high-tempera
ture capabilitis of parabolc dish col-
lectors for incineration of toxic chemica$
were examined An extensie literature
survey was conducted ard smal quantt
ties of some of the chemicas were
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Figure 4-26. The Fresnd Systen for
Reconcentratian of Spert
Sulfurie Acid

acquirae for the purpog of determinim
for eah the chemicé kinetics of therma
degradation Investigatios were als ini-
tiated to identify likely catalyss effec
tive in decompositia ard detoxificatiin
processes The data will be needd in
further studies of sola therma processg
for the destruction of toxic wastes

4.3.64 Wet-Air Oxidation

Wet-ar oxidation is an efficient ard sake
mears of incineratirg an oxidizabke sub
stan@ in an aqueos environment For
dilute waske streams especiaj thos
containirg highly toxic chemicals it is
superio to convention& incineratian in
that it does na requir preconcentratio
of wastes prior to treatment thus elimi-
nating the nea for evaporatio equip
ment The wase strean is hed in contadc
with oxygen (or air) a temperature
betwee 250 ard 325 C (485 ard 620 F)
unde pressurs sufficiert to maintan only
the liquid state Waste sud as cyanides



phenols ard chlorinatel hydrocarbors are
oxidized to carba dioxide water, chlor-
ides ard othe nontoxtc compounds

For wate streans containirg les than
abou 3% organc contaminants enery
mud be suppli@d to drive the process
Parabolc dish collectos can be run a
constam poweg a ary desirel tempera
ture within a wide range ard thus are
readiy adaptal# to the wet-ar oxidation
process Batdh processig on a diurnd
cycle is compatibé with the chemicé kin-
etics involved

In FY 198Q detailel studies of existing
method of wet-ar oxidation were con
ducted ard a laboratory-sca experimen
was designed The reacto vesse is a key
element ard its preliminay design was
basel on the heda flux availabe from the
OmniumG concentratar which has been
undergoilyg tess a the Parabolc Dish
Ted Site

44 SOLAR PONDS

Feasibiliy studies of a sola pord a the
Saltn Se in California were conductd in
which performance cost ard environ
mentd factors were examined A wate
clarity problen was identified ard as
sessed A preliminay desigqn stud/ of a
field ted¢ pord of 5MW, capacly was
conductedhavirg baselod characteristis
ard a capaciy facta of 0.75 A 600-MW,
commercih plant was analyzel for which
installed coss were estimated to be
$1,830/kW.

45 SUPPORTING PROGRAMS

451 Sola Thermal Teg Facilities Users
Association (STTFUA)

~

Sola therma researh is being conducte
at experimenth facilities in the United
States ard France The experimend were
recommende by the Sola Therma Ted
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Facilities Uses Associatimm (STTFUA) fol-
lowing a competitie solicitation ard
evaluation ard are sponsord by DOE
Technicd monitoring ard direction to the
resulting subcontract@ was provided by
the Sola Enery Researl Institute

All of the activities were highly expert
mentd ard utilized ore of three high
temperatue sola facilities in FY 1980
the Georga Institute of Technolog
400-kW  Advancel Componerds Ted
Facility (ACTF), the White Sand 30-kW,
Sola Furnae (WSSF) ard the Frend
CNRS (1.5 to 6.5-kW) Verticd Sola Fur-
nace Tabk 4-1 provides an overviev of
the FY 198 progran experiments
Table 4-2 lists the specificatios for al of
the STTFUA facilities. The objectives ard
current progres of ead experimenh are
discussd in the narratives tha follow,
beginnirg with progres for thoe expert
mens completel or partialy completel
and later describilg the objectives of the
plannal activities

* Cod Gasification Cod ard oil shak
were gasified a the White Sand Sola
Furna@ in June-July 1979 Initial
efforts demonstraté the successfu
productin of medium-Bti gas from cod
ard biomas feed materials Late
efforts usal oil shak as feedstock Pre
liminary dat indicatel tha 60% of the
sola enery tha enter@ the reacto
was chemicaly stored

e Calciun Carbice Production  Solar
powera production of calcium carbidce
was successfuyf accomplishd a the
Frendh CNRS Verticd Furnae with a
30% to 40% calcinal lime-coke mixture
convertel to carbice in a heate
crucible Productim a 1980T
(3600 F) ard abowe was repeatd sev
erd times during Octobe 190 to
obtan dat@ on the effecs of mixture
composition temperature ard heatirg
rate

* CO,-CH, Reforming Initial testing
during Decembe 1979 involved a Sol
chem receive containirg two reform



Table 4-1. STTFUA Experiments—Advancel Componens

Experimen t Test Locatio n Contracto r Perf. Period Budget-$k Objective/Scop e

Coal Gasificatio n WSSF Lawrenc e Livermor e Lab 6/79 - 7/79 23 Demonstrat e productio n of
hydrocarbon-ric h synthesi s
gas from coal and biomas s
exposed to solar energy .

Calcium Carbid e CNRS Institut e of Gas 9/79 - 2/80 37 Demonstrat e and measure
Productio n Technolog y calciu m carbid e productio n
in a solar facility .
CO,-CH, Reformin g WSSF New Mexico State 9/79-12/80 80 Quantify solar thermochemica |
Universit y energy capture using CO,-CH,
gas reforming .
High-Temperatur e ACTF Solar Turbine s 11/79 - 7/80 62 Design, fabricate , test a
Solar Receiver Internationa | high-temperatur e (1500F)

solar receiver/stea m genera-
tion system for solar central
receiver applications .

Heat-Pipe Tech. ACTF Dynather m 9/79-11/80 67 Design, fabricate , test a
small representativ e heat-
pipe solar receiver .

Fluidize d Red ACTF Westinghou.s e 9/79 - 9/80 87 Investigat e applicatio n of
Technolog y fluidize d bed technolog y
to solar central receivers .
Cnilmiu m Oxide WSSF Institut e of (ins 9/79-9/80 104 Quantif y thermochemica |
Decompositio n - Technolog y condition s in cadmiu m oxid e
I1j Productio n decomp . as a step in producin g
hydrogen .
Flash Pyrotyst s ACTF Princeto n Univ. 10/79 - 10/80 109 Design and test a vorte x flow
of Biomas s reactor to process kinetic
informatio n in biomas s pyrolysis .
Solar Processin g WSSF Los Alamos Scientifi ¢ 2/80-1/81 98 Demonstrat e feasibilit y of con-
of Ores Lab. tinuou s processin g of molybdenit e
ores in a solar receiver .
Sliifurl e Acid ACTF General Atomic 5/80-2/81 98 Demonstrat e use of solar energy
Decomposition - in decomposin g H,SO, to produc e
Hn Productio n H, based on water-splittin g
cycle.

Table 4-2. Approximate Specificatiors for STTFs and Sola Furnaces

SuA Cemaren wtesmis L
Configuratio n Central Central Horizonta | Trackin g Horizonta | Vertical
Receiver Receiver Furnac e Parabol a Furnac e Furnace s
Total Thermal Energy, kW 5000 325 30 85 1000 15 to 6.5
No. of Heliostat s 222 550 1 NA 63 1
Heliosta t or Parabola Size, m 6Xx6 11D 11x12 1D 6.0x 7.5 15to 4D
Total Solar- Collectin g 8257 532 132 95 2835 18 to 12
Area,m
Test Area Diameter, m 2-3* 0.5-1.0* 0.08-0.15* 0.09-0.17* 0.25-1.0* .006 to .07
Peak Flux,** W/cm? 240 125 400 1000 1600 1500 to 500
Callcm? s 57 30 9 239 382 358 to 119
Maximum Temperature , **K 2600 2100 2900 3600 4100 3200

*The first number is area receivin g approximatel y 50% of total energy; second number is area capturin g 95% of total
energy .
**Small area at center of beam.
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ing-converter/heat-exchange coils
operatel at the White Sand Furnace
The feedstock ratio usal was 3 parts
CO, to 1 patt CH,, with nomind mas
flows of 3 g/s ard 5 g/s. Energy conver
sion rates of 5kW were observed with
a 15-kW; focusel sola bean enterirg
the receive cavity.

High-Temperatur Sola Receiver A
high-temperatur sola receive was
testal during March-Apri 198 at
Georga Tech amd demonstraté tha
stean coud be producel a 770 C
(1420 F) ard 107 MPa (159 psig unde
steady-stad conditions The receive
utilized Hastelly hea exchange tubing
in the once-throup stean generato
design Figure 4-2Z7 shows the hardwae
installed a the Advancel Componerd
Ted Facility tower.

Fluidized Bed Technology A fluidized
bed receive was testa a the Georga
Tedh Advancel Componerg Ted Fact
lity during May ard Jure 1980 A 4-ft
long by 1-t diamete quarkz tube was
usel to contan severa different bel
materiak through which air was blown
to provide the fluidization Bad
materiak were sand silicon carbide
aluming coppe shot fusal silica, ard
mixtures of thes materials B

Figure 4-27. Sola Turbines Inter -
national Steam Systen
Installed on the GIT/ACT F
Tower

Upper Experiment Shield:

Lower Experiment Shield

temperaturs reachd as high as 563 C
(1045°F) ard the amournt of incidert
enery transferre to the fluidized gas
was as high as 45% A totd of neary
70 teg hous was compiled ard 76 data
points were collected

Flash Pyrolyss of Biomass This exper
iment was conductd a the ACTF in
Augud 1980 Individud experimend
were performel on wood com cob, cel
lulose ard lignin-basel feedstocks
Hydrocarbon-rib synthess gases ard
combustibé syrups adaptalke for
sever&d energy-relatd operatios were
obtainel from all of the feedstock
excep lignin.

* Sodiun Heat-Pig Sola Receivers This

ted progran was conductd a the
ACTF in Octobe 1980 A maximunm
heat-pip powe of 11 kW; was
achieved which was 2 kW, lower than
the desirel powe level. In addition to
steady-stad testing transiem testirg
was performe tha included diurnd
startyp tests severd ranp tests ard a
failure-moce experimen in which one
heda pipe was purposey failed Maxi-
mum heat-pie temperature of 850 C
(1562 F) were reachd during steady
stake operation A schemat of the
heat-pipe receive is shown in Fig. 4-28

Yoke
{_lﬁlﬁé Cross Member
=

m / Upper Support Plate

+— Gas Gap Calorimeter

-

Receiver Wall
(Inconel Plate and Safil)

\) Convection Shield

Heat Pipe Evaporator

(Water Cooled)

Ousset

Figure 4-28 Schemattc of Heat-Pipe
Receive



The prograns tha follow are in the plan
ning, pretes phases

e Cadmiun Oxide Decompositio in Hy-
drogen Production Test were con
ducted in the White Sand Sola Furnae
during the fall of 198 to determire
decompositia rate temperaturg ard
pressue of cadmiun oxide as an inter-
mediat step in the thermochemica
production of hydrogen A reacti;
chambe will be designeé ard reactos
fabricatel to carty ou the decomposi
tion proces a expectd temperature
betwea 982 C ard 1482 C (1800 F ard
2700 F).

» Sola Processig of Ores Design fabri-
cation ard testing of a rotary kiln for
processig molybdenie ores in batth
guantities Test bega at the White
Sand Sola Furnae in Augug 198Q
Testig during FY 1981 will include
variows flux ard temperatue levels ard
differing ore feedrats to asses rotaty
kiln capaciy for continuos processig
of molybdenie ore

o Sulfuric Acid Decomposition The
objectie is to demonstrad tha
hydrogen can be producel using sola
enery in a thermochemicla water
splitting cycle ultimately decomposig
sulfuric acd vapor The ted was
carried out a the Georga Tech ACTF
in Novembe 198Q A reactio involving
H,0O, |I,, and SO, has bee investigate
on a laboratoy scak ard defined as a
promisirg them ochemical-producin
cycle candidate

Future Sola Therma Ted Facility Uses
Association  activity will be directad
toward developmen of advancd compe
nens ard identification of processg that
will make significart contributiors to
future sola therma programs The®
future efforts are directed towad new
conceps nat previousy testel or demon
strated The categoris of researb are
enhancd heat-transfe  mechanisms
advancd processe for producirg fuels
and chemicals innovative sola therma
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hardwae designs thermochemicla trans
port concepts ard othe researb are®
not yet categorized

452 Insolation ResourceAssessmen

The DOE Insolatim Resoure Assessmen
Progran (IRAP) consiss of efforts ard ac
tivities to develp ard provide accuraé
and standardizé insolatim dal bases
characteristics prediction ard forecastim
techniques improvel instrumentation ard
assessmeatof nationa insolation enery
resources

IRAP consiss of severh elemens con
ducted by othe agencies institutes uni-
versities armd the private sector The
overal field managemen is assignd to
the Renewal# Resoure Assessmen
Branth of SERI. The maja elemens are

* historicd dat bases

» nationa insolation-monitorig network

* insolaticn data archiving ard dissemina
tion,

* Sola Enery Resoure Atlas (assess
ment),

* insolatin
research

* educatio ard training,

* insolaticn researh dat collection ard
analysis ard

» developmet of improved instrumenta
tion.

modes ard  algorithm

The following sectiors summarie the
progres mace during FY 198 in ead
progran element

45.21 Historical Data Bases

The Nationd Oceant ard Atmosphert
Administraticn (NOAA), the Nationd Cli-
matic Cente (NCC) the NOAA Air
Resource Lab, ard the NOAA Environ
mentd Researbh Labs conductd an



extensie effort to produ@ a nationa
historic insolation dat base This com
puterized standardizé dat ba is known
as SOLMET.

Suth da@ bases are availabe from the
Nationd Climatic Centey Compute
Producs 22"" Feder& Building, Ashe
ville, North Carolirm 28801 (704 258&
0203 The datl are in the form of
computer-compatible9-track 160 B.P.l.
EBCDIC Format The statimn locatiors
are shown in Fig. 4-29 The Nationd
Climatic Cente subsequenyl producel a
monthy  summay versim of the
SOLMET/ERSATZ datn bas [15]. This
tabulatel summay (or magnett tape
contains

e daily maximun normd

(°F),

temperatue

e daily minimum

(°F),

normd

temperatue

* monthly normd temperatue (°F),
* normd degre days (heatirg ard cool

ing, bae 65’ F), ard

 mean daily global horizontd insolatin
(Btu/ft?, kJ/mf, langleys)

During FY 198Q SER producel an Insola
tion Data Ba® (INSOL) for the nationa

Sola Enery
(SEIDB).

dat ba® contains

Information Data Bark
It represerg an expansio of the
NCC monthly summay [15].

The INSCL

* daily maximum normd temperatue (°F

and°C)

* daily minimum normd temperatue (°F

and°C)
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* monthly normal temperature (°F and
0,

 normal degree days (heating and cool-
ing, base 18.3°C),

« mean daily global horizontal insolation
(Btu/ft* , kJ/m’ , langleys), and

» global, K

index).

mean daily, (cloudiness

The SERI Renewable Resource Assessment
Branch generated the K. (cloudiness
index) parameter for all 248 stations. K,
is defined as the fraction of extraterres-
trial global horizontal insolation that
reaches the earth's surface. During
FY 1981 SERI will add monthly values of
K, for the direct beam insolation, as part
of the INSOL data base. The INSOL data
base is available through the SEIDB.

As a result of production of the Solar
Energy Resource Atlas, some additional
data base products have been produced.
Typical Meteorological Years containing
both global horizontal and direct-beam
insolation have been produced for a total
of 202 stations. These represent the only
data for solar thermal direct-beam insola-
tion other than the original 26 rehabili-
tated stations. During FY 1981, SERI and
NCC will perform quality control checks
on these new TMYs and then release them
to the public.

4.5.2.2 National Insolation Monitoring
Network

NOAA (National Weather Service) ini-
tiated operation of a 38-station solar

radiation  monitoring network  during
January of 1977. During 1978, direct
insolation  monitoring equipment was
installed. The NCC has been publishing

monthly summaries of these new data [16],
including insolation for each hour of each
day of each month. The hourly mean,
daily totals, and mean daily insolation are
also given. This summary is also available
from NCC.
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4.5.2.3 Insolation Data Archiving and

Dissemination

The National Climatic Center is respon-
sible for archiving and disseminating data
from the National Weather Service 38-
station network and for disseminating the
historical data bases.

During FY 1980, NCC continued to
archive data from the new 38-station net-
work and to disseminate the SOLMET,
ERSATZ, and SOLDAY data bases. SERI,
as noted, generated and began dissemina-
tion of the INSOL data base.

4.5.2.4 Solar Energy Resource Atlas

The IRAP initiated the production of the
Solar Energy Resource Atlas to assess the
availability of solar radiation across the
United States and to disseminate that
information to the public, interested busi-
nesses, research groups, and government
agencies. The Atlas was made possible by
the completion of the SOLMET/ERSATZ
historical data bases. It will contain
extensive computer-generated contour
maps of monthly (mean daily) and annual
(mean daily) solar thermal global, direct,
and diffuse insolation. The Atlas is sched-
uled to be completed during FY 1981.

4.5.2.5 Insolation Models and Algorithm

Research

During FY 1980, the SERI Renewable
Resource Assessment Branch completed a
fairly extensive review and evaluation of
models used to predict both direct and
global horizontal insolation for clear-sky
conditions. For background information, a
similar effort was completed during
FY 1979 for direct solar thermal insola-
tion models only. Several models were
addressed, including the Hoyt model used
to rehabilitate the historical insolation
data (26 SOLMET sites). The Hoyt model
was used to predict global horizontal



insolatiln a true sola nom on clea
days This value was then usal to corred
the historicd measurements

During FY 1980 SER contracte with the
Aerospae Corp. to produ@ ard deliver a
"usa friendly" versicn of the algorithm
that was usel to convet the historicd
globd horizontd insolation to dired sola
beam insolation This algorithm is a
critical elemen of the SOLMET/ERSATZ
data base The effort was complete with
the installation of the Aerospae algo
rithm on the SER computer

4.5.26 Education and Training

As pat of the eight universiy Sola
Eneryy Meteorologich Researh ard
Training Site project tha are part of the
Insolation Resoure ard Assessmen Pro-
gram regionda centes for training in
making insolaticm amd meteorologich
measuremestard in dat handlirg related
to sola therma enery were provided
The individud universities haw success
fully conductd severd training ard edu
cation courss designéd to ensue quality
data ad analyss for sola applications
This included workshop for locd ard
regiond  Nationd  Weathe Servie
meteorologist  directy involved in
operatirg the 38-statiommn network

Insolation Researt Data Collec-
tion and Analyses

4.5.27

A portion of the Insolatiom Resoure ard
Assessmein Progran consiss of a signif-
icant effort to collea ard analyz insola
tion researbh dal a severh sites
throughot the United States The® sites
consig of the eight universiy Sola
Eneryy Meteorologich Researh amd
Training Sites ard the Insolation Researh
Lab a SERI. The researh dat is exten
sive, consistig of reading taken eadt
minute of direct global diffuse ard
circumsola insolation alorg with various
meteorologich parameters The Nationd
Weathe Servie Statiors provide only
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hourly data Circumsola radiation data
were collecta by the Lawren@ Berkeley
Labs a Albugquerque Georga Tech ard
the LBL facility in California The actuad
data collection a Albuquerqe was per
formed by SNLA. JA collecte data a
the Edward Air Force Ba® ted facility.

During FY 198Q the SER ard universiy
sites were fully operationh ard collecting
guality data All sucd data will be ser to
SER for final archiving SER will then
produ@ an Insolaticn Researh Data Bae
ard subsequenyl disseminag it to the
sola community

Thes applicatiors will be pursue during
FY 1981, when the first data ses become
available

4.5.28 Developmen of Improved
Instrumentation

To improwe insolation data collection ard
to med the specifc need of the sola
community the Insolatiom Researh ard
Assessmein Progran conducs variows
efforts to devel@ insolaticm monitorirg
ard recordirg instrumentation

During FY 198) the maja effort was
devotel to the developmenh of an
advancd sola spectroradiomete for
characterizig the spectré distribution of
direct, diffuse ard global insolation Sud
an instrumen is requiral becaus of a
lack of data on the spectra distribution of
sola radiation The new SER Spectre
radiomete is shown in Fig. 4-30

453 Ranking and Evaluation of Sola
Thermal Systens for Electric and
Thermal Applications

Sine 1978 SER has evaluatd ard ranked
sola therma systens for various applica
tions ard transmittel the resuls to the
DOE Division of Sola Therma Energy
Systems The objective of thee evalua
tions is to determire thoe sola therma
systens tha haw the greatet perfor



Figure 4-30 SER Spectroradiomete

mane potentid at the lowed cog for the
mid-199G ard beyond Detailed simula
tions of performane for different sites
ard operatilg strategis illuminate the
strengtls ard weaknesse of eat systen
and allow assessmenof the risks involved
in attaining certan cod ard peformane
levels

In FY 1979-80 systens designd specift
cally for electrc powe generatio by
industy ard smal utilities were evalu
ated Becaus of Departmen of Energy
intereg in smal systems plans of 0.1- to
10-MW, capaciy were consideredwith a
variety of capaciy factors rangirg from
no storage to 0.8,

Systens designd specificaly for supply
ing therma enery (proces heaj) ove a
wide range of temperaturs to industrid
uses will be evaluaté ard rankel during
FY 198Q Again the maja resut will be
to pinpoirt the strengtls ard weaknesse
of ead systen so tha the mog promisirg
conceps receive appropria¢ funding

45.31 The Comparative Evaluation of
0.1-10 MW ¢ Electric Generating
Systens[16]

Systens with capaciy ranges of 1-10 MW,
were examing for use in smal utility
applications  Capaciy factors rangel
from approximatel 0.5 (no-storag case
to as high as 0.7, consideriig both electric
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ard therma storage dependig on the sys
tem unde consideration The® systens
were assumd to operaé as an integrd
part of agrid.

Smalleg systens of 0.11 MW, capaciy
were considerd for industrial military,
and smal communiy use The® systems
which included storag capability were
designé as primalry poweg sources usirg
the grid as backup

45.32 1-10 MW, Systens for Utility

Applications

Table 4-3 present a comparatie ranking
basel upan technica] economic¢ social
and commercia criteria derived from the
utility ard R&D communities

The systens are listed in ordeg of prefer
ence within eat groy in Tablke 4-3. Two
systen types (Groy 1) rark significantly
highe than the red ard are the mod
appropriaé optiors for development The
point-focts centrd receive systen with
Rankine-cycé powe conversio (PFCR/R
represerg a technolog with sonme devel
opmen histoly ard superio performane
at high capaciy factors A clos secomnl
to the PFCRR systen is the point-focls
distributed receive systen usirg dish
mountal  Stirling engire  generatos
(PFDR/S which offers comparal# capitd
and enery cost to the centrd receive
ard ranks highe than the centrad receive
at low powe ratings ard capaciy fac-
tors. Becaus it has receive les devel
opmen than the centrd receiver the
PFDRS systen involves greate risk,
althoudh it has excellen potential

Five systens (Growy Il) achiewe acceptald
rankings ovea a wide range of capacitis
ard capaciy factors Parabolc dish tech
nology is representg twice, onae with
centrd Rankire poweg  conversio
(PFDR/CR ard one with dish-mountd
Brayton engines (PFDR/B) indicating the
continual viability of tha collecta tech
nology. In particular the PFDR/R sys



Table 4-3.  Final Overall Ranking of 1-10 MW, Systens
for Utility Applications

Growp Rark System

| 1
(PFCR/R

(PFDR/CR

2

3

4

5

6
(LFDR-TC)
.

Il 8
9
10

powea conversio (LFDR-TR)
11

Shallav sola pord systen (SSB

Point-focts centrd receive with Rankine-cycd powe conversio

Parabolc dish collectos with distributel Stirling engines (PFDR/S
Parabolc dish collectoss with centrd Rankire powe conversio
Parabol¢ dish collectos with distributel Braytan engines (PFDR/B
Point-focts centrd receive with Braytan powe conversio (PFCR/B
Parabolc trough systen with centrd Rankire powe conversio

Low concentrationnontrackirg CRC systen (LCNT)

Line-focus centrd receive systen (LFCR)
Fixed-mirror, distributed-focs bow systen (FMDF)
Segmente trough with tracking receive systen ard centrd Rankire

tem shows coss armd performane
approachig Growyp | systens a capaciy
factors just unde 0.7. Two Brayton-cyce
systens (PFDRB amd PFCR/B shav
potential but consistent rark lower than
Rankine-cyct or Stirling-cycle conversio
optiors with identicd collecta technole
gies Finally, the line-focus distributed
receive with tracking collecta
(LFDR-TC) or parabolc trough ard the
low-concentratio  nontrackig  systen
(LCNT), or compoun parabolc concentra
tor, which operae a lower temperatures
shov potentid for smal powea systen
applicatiors but generaly do not rark
high. Both LFDR-TC ard LCNT systens
are strorg contendes in otha markd ap-
plicatiors sud as proces heat In fact,
the relative commercia ard environmen
tal advantage of the LCNT systen were
so strorg tha it was the only concep to
be significanty affectal by thoe qualita
tive criteria in this ranking

The four remainirg systens (Growp lll) are
inappropria¢ for smal electrc powe
applications Although othe marke appl-
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catiors ma be suitabke for certan
systens sut as low-temperatue IPH
from shallav sola ponds the systens in
Grow Il fared poorly on importart cod
ard performane criteria, when considerd
for electrc applications

The two top-rankel systems PFCRR ard
PFDR/S can yield busba enery coss
that are competitie with expecté coss
of electrica enery from conventiona
alternatives in the 1990s Both the
PFDRS (capaciy facta 0.4 ard the
PFCRR (capaciy facta 0.7 systens
shov predictel levelized busba enery
cost as low as 93 mills/kWh.

Sensitiviy studies indicae that if concen
trator cost are reducel ard engire effi-
cieng/ increasd to the levek believed
possibé by advocats of the PFDRS sys
tem, busba enery coss a low as
75 mills’lkWh could be achieved Thes
concentrato ard engire developmerd are
beyord thos considerd likely by 199 ard
would require vigorous componeh ard sys
tem development If governmeh incen



tives sud as highly leverage low-interes
(6% financing were initiated busba
enery cost might be furthe reducel to
as low as 50 mills/kWh.

45.33 0.141 MW, Systens for Industrial
Applications

Table 44 presens the ranking of ten gen
eric systens considerd for industrid
applications which do not wholly corres
pord to the systens considerd for utility
applications The study of the 1-10 MW,

systens indicatal tha some systens could
not provide electric powe in the capaciy
ranges tha are economicaly competitive
with othe sola systems The shallav
sola pord (SSP) the line-focus centrd
receive (LFCR), ard the line-focus trough
with tracking receive (LFDR-TR) were
eliminated from the 0.1-1 MW, ranking

At the beginnirg of the 0.11 MW, phag
of this study, newly availabk dat indi-
catal tha two systens tha were nat con
sideral in the earlie 1-10 MW, stud/
coud be potentialy competitive with
othe systens tha were evaluatd previ
ously. The® two systemsthe point-focis

centrd receive with a tower-mountd
Stirling engire (PFCR/S ard the point
focus distributal receive with a Rankire
engire ard generato mountel at the focd
point (PFDR/R) hawe beea includel in the
ranking of systens for industrid applica
tions.

The relative ranking of 0.1-1L MW, systens
presentd in Table 4-4 is basel on mid-
1990 cog ard performane predictiors as
well as the preference of 14 industrid
ard small-communig decisiom makers

The systens are ranked ard divided into
significart groups Growp | contairs only
the PFDRS system which leads over non
dish systens becaus of the high effi-
cieny of the Stirling engire a smal
sizes the use of a dish with a large
diamete ard a correspondingl larger,
more efficient engire than was usa in the
1-10 MW, study, the high opticd effi-
cieny of the parabolc dish receive
combination ard the users preferene for
lower capaciy factors

Centrd receive systens rankirng third,
fourth, ard fifth suffer primarily from low

Table 4-4. Final Overall Ranking of 0.1-1 MW, Systens
Industrial Applications

Groyp Rark

Systen

(PFCR/S

~Noulh WN -

(PFDR/CR

Parabol¢ dish collectos with distributed Stirling engines (PFDR/S

Parabol¢ dish collectors with distributed Braytan engines (PFDRB/B
Point-focts centrad receive with centrd Stirling powe conversio

Point-focts centrad receive with Braytan powea conversio (PFCR/B
Point-focts centrad receive with Rankire powea conversio (PRCR/R
Parabolc dish collectos with distributed Rankire engines (PFDR/R
Parabol¢ dish collectos with centrd Rankire powe conversio

Il 8 Parabolt trough systen with centra Rankin powe conversio

(LFDR-TC)

9 Fixed-mirror, distributed-focs bowl systen (FMDF)
10 Low concentrationnontrackig CPC systen (LCNT)




conversio efficiency. The highes$ rankel
of the point-focts centrd receive sys
tems uses centrd Stirling or Brayton
engire generators which retan high effi-
cieng at smalle capacities The centrd
Rankire conversio systen drops in effi-
ciengy a smal sizes particulary a 01
ard 0.3 MW..

Parabolc dish systens with eithe distrib-
uted (PFDR/R or centrda (PFDR/CRH
Rankire powe conversio fall into the
lower erd of Groyp n. The PFDRR sys
tem suffes from the low efficieng of
Rankire engine in the 75 to 100-kW,
range The PFDR/R systen has high
thermal-transpdr losses as well as poa
engire performance

Growp Il contairs three systens tha
operae in medium-temperater range
(285 C) with centrd Rankire engines
Poa engire efficiengy largely resuls
from lower turbine inlet temperaturs ard
the effed of smal sizes Also, the® sys
tems do na rate as high in opticd effi-
cieng/ as the othe systems

The top-rankel systems Groy | ard the
uppe haf of Growp I, can possiby yield
electricd enery for industrid use for less
than 100 mills/kWh, a cod that is compet
itive with the rate tha uses in smal
industries often pay now, i.e, 60-D
mills/kWh.

4.5.34 The Comparative Ranking of
5-MW, Systens for Thermal
Applications

During FY 198Q an evaluatim of sola
thermd systens for thermad applicatiors
was performed As in the previows study
systens were evaluatéd on their mid-199D
cod ard performane potential Also, the
preference of potentid industrid uses
were considered

Table 45 identifies thoe systens beirg
considered Ead systen is conceptuall
designd to suppy therma enery a four
proces temperatures Table 46 outlines
the proces temperature ard describs
the choicee of transpot ard storag meda
usel a ead temperature While both
no-storag@ ard storag cases are beirg
considered all systens are assumd to
hawe conventionh fud backyp to suppy
enery when the sola systen is unavait
able

A therma capaciy of 5 MW, has bee
selectel for the baselire plart size

Analysis shows that while plans may
require as mud as 15@M MW, the larges
shae of therma enery is usal by plans
of 1- to 10-MW; capacity

Fresno California a growing industrid
area with goal potential] was selecte as

Table 4-5. Collectar Systens Considered in
Thermal Applications Evaluation

Concentratd Parabolc Collectos

Evacuatd Tube

Fixed-Mirror Distributed Focus

Flat Plat
Fresné Lens

Line-Focts Centrd Receive

Line-Focts Distributed Receiver—Trackig Collecta
Line-Focts Distributed Receiver—Trackig Receive
Point-Focis Centrd Receive

Point-Focs Distributed Receive

Salt-Gradieh Sola Pord

Shallov Sola Pord




Table 4-6. Transport and Storage Media Selectio
for Thermal Applications

Proces Temperatue

Transpot Media

Storag Media

66° C (150 F)
177 C(350 F)
288 C (550 F)

538 C (1000°H

Wata Wate
Oil Oil/Rock
Ol Oil/Rock

Salts Salts

the plant location Typicd Meteorologica
Yea (TMY) insolation dat are availabk
for Fresno Economc factors representa
tive of the Fresm area are beig
developed

Systens are designd ard coss projectal
using the methodolog developd for the
0.1-10 MW, study. The BALDR simulatian
cock is being modified to incorporae var
ious contrd strategis for supplyirg ther
md energy Resuls will be testal to
chek the sensitiviy of the rankimg to
variatiors in systen cos ard perfor
mance

The evaluatimm was completel in FY 198)
ard resuls will be publishel in FY 1981

454 Quality Assurane and Standards

The FY 19 study of quality assurane
ard standard developmen for sola
therma technoloy consistd of a prelim-
inary review. The initial tak placa upm
SER for FY 198 was to "Develg a Plan
for Quality Assurane ard Standard
Development. Accordingly, SER insti-
tuted the proces of developily matrices
to defire the functiors of components
subsystemsard systens ard to determire
the standard used needed or modifiable
to suit sola therma plant requirements
The working approab has bee to canva
the industy (principally DOE contractos
ard field center$ for input, to give indus
try the opportuniy to say wha is wantel
rathe than to dictate standards
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4.5.41 Standards Plan Update

Status The currert stats of the sola
thermd quality assurane ard standard
developmet plan is that a cros sectio of
industy associaté with sola therma
technoloy has been canvassg to nomk
nat standard developmen priorities ard
their preliminay input is beirg pro-
cessed Ovea 10 applicable modifiable
or acceptal® standard hawe bee identk
fied. Simultaneously the Nationd Bureau
of Standard dat@ bark on standard has
been reviewal ard the vigor ard degre of
activity within the variols standards
writing bodies assessed

Statws of Standard Development The
American Sociey for Testig ard Mate
rials (ASTM) Committee E-4 on Sola
Enery has 44 documend in the proces of
being drafted (at the committee stage)
The approximag¢ lifetime of thes com
mittees so far is 2-3 years To date three
standard tha could be defined as appli
cabke to sola therma are in final draft
form to be issuel for comment Future
standard production rates estimate by
ASTM authorities are 3 or 4 pa year. The
only othe maja activity is the updatirg
of ASHRAE 93.77 Code-writirg
subcommittee unde the auspice of
ASME are alo developig requiremerg
for receive storag vessed ard hed
exchangers but the first drat documend
are nat expecte until 1981-82

The majority of componerg usal in sola
thermd systens are not unigwe to sola



thermal They are in use in othe technol
ogies ard are therefoe covera by exist
ing standards In sud case it is neces
saly only to ensue tha sud items whee
necessary are declare applicabé to sola
thermal ard tha the standard are not
too costy or conservatie for the com
mercid progran or can be acceptd by
the issuirg ard jurisdictiond bodies for
amendmento sola therma use

Thoe componerg or materiab applica
tions listed belov are unique to the sola
thermd technologis ard will requir spe
cial development

» design envelops  (strain-time-lod
curveg for receive materials
» characterizatin of ceramics

» metroloy of reflective surfaces proper
ties,

* rules for fabricatiomm ard use of liquid
metak ard fusal salts

» collecta rating methods

» sola componerg ard systens operatiam
ard maintenance

* procedurs for monitorirg
tenaciy ard performance ard

» standad procedurs for measurig effi-
cieney ard cost-effectivenes of sola
thermd components

coating

4.5.42 Performance and Reliability

Standard play the traditiond roles of
providing interchangeability reliability,
ard safety However in the sola therma
progran there is alo the neal to confim
to insurers institutiond lenders ard tax
concessioa analyss in this preproductio
era tha an item is a definal by a
standard or has been built to standad
requirements This information is al®
essentih to the establishmenof a repais
and maintenane program
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4.5.43 Standards Developmen Systen
and Implementation

The organizationh procedue originally
proposd for establishig standard will be
supplementé by ore additiona step—tle
ue of an "overview' committee It is
believad tha sud a body shoutl include
representative from the associaté sola
thermd prograns so tha it will receiwe
input from ead projed ard isste appro
priate directives to all.

The customay purposs of a standad are
agreemerdg on its ue betwea two con
tracting parties approva by institutiond
authorities like insurane inspectim
board for its use in a particula applica
tion, ard use of it as a mandatoy standad
by stake or locd authorities wher neces
sary.

455 Environmental Control

The Universily of California Los Angeles
Laboratoy of Biomedicd ard Environ
mentd Sciencs (LBES was designatd a
"lead laboratory in studyirg environ
mentd effects of sola therma powe sys
tems in FY 19792 The scope of the projed
was summarizd in the FY 190 Annud
Technicd Progres Report Severd of the
studies undertaka are of a continuirg
nature Ther curren statws is reportal
below. In FY 198Q the (LBES Sola
Projed receivael approximatel equa
funding from both the DOE Office of Con
servation ard Sola Enery ard the Office
of Environment

4551 Toxicologicd and Health Impli -
cations of Sola Thermal Proces
Fluids

This stud/ is a continuation of "Worker
Healh ard Safey in Sola Thermd Powe
System$ Vol. 16 issuel in Octobe



1979 Findings were issue as Vol. 7 of
the series in Octobe 198Q The study
consiss of the following tasks

* identify varios candida¢ fluids usefu
in high-temperatwr sola totd enery
systen applications

* identify physicd amd chemicé charae
teristics

» screa identified fluids for toxic poten
tial;

* condu¢ detailel analyss of toxicolog
ical ard healh implicatiors of selecte
fluids; ard

» compae toxicologicd ard healt impli-
catiors in sola totd enery systens
with thos in industries using the sane
or similar fluids a high temperatures

4552 Assessmenhof Potentid Effects
of Chemicd Contamination of
Soils by Salts and Fluids Release
from Sola Thermal Powe
Systens

The genera objective of this progranm is to
study the environmenth hazard of sone
of the fluids tha might be used or are in
use in prototype sola therma enery sys
tems Specifc experimend determire the
rate of degradatia ard persistene of
thee materias in differert soils the rate
of their movemeh or transpot in soils
and the threshotl levels of toxicity of
thes materiak (or therr degradatia prod
ucty to plants

The generé orde of toxicity of fluids
applied to the three minerd soils was
ethylere glycol, Don Corning Fluid No.
200, Caloria HT43, ard Thermind 66. The
ordea of toxicity amorg the fluids applied
to the organt soil, Egbet muck was
ethylere glycol, Caloria HT43, Dow Corn
ing Fluid No. 200 ard Thermind 66. A
relatively large amoun of Thermind 66
was toleratel by barley seedlings
Dependiy on the soil, the amoun of
Thermind 66 toleratel by the seedling
was abou 36-fold greate by weigh than
that of ethylere glycol.
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In the field, two experimend are in prog
ress The first entaik the determinatio
of the rate of downwad movemen of
three different fluids (Thermind 66, Cal
oria HT43 ard Dow Cornirng Fluid No.
200 in the profile of a bare soi plot con
taminatel on the surface The resuls
obtainal from the bare soi plot contami
natel with Thermind 66 on Octobe 17,
19°@ showel abou 15 om downwad
movemen of the fluid as of July 22
1980 The secondexperimenh determind
the effead of the fluids on native plants
Larrea tridentab ard Ambrosa dumos
were contaminatd by sprinkling the fluids
on them on Octobe 16 1979 This was
dore by sprinkling two gd (7.8 ) of
fluids on 1-nf areas ead containirg a
single plant Larrea plans were lush
greem  when the fluids were applied
wheread Ambrosa plans were dorman
(without leaves) Ead of the fluids ap
plied turned the leaves of the Larrea
plants brown ard appareng} killed them
As of May 20, 198Q the contaminatd
Larrea plans did na shav ary sigrs of
recovery The Ambrosa plants contam
inated with Caloria HT43 or Dow Cornirg
Fluid No. 200 appeard dead but thos
contaminatd with Thermind 66 leafed
out almog completey ard were in full
bloom This suggest tha Thermind 66
was the leag toxic of the fluids used

45.53 Vegetatim Managemen and
Recovel at Sites Disturbed for
Sola Thermal Developmer

This is a continuirg stud/ initiated in
FY 198 to addres the difficult problen
of revegetatig disturbel arid land ard to
provide a bass for developig a sol sur
face managemdn strateg within helio-
sta arrays usirg plants Shrib transplan
experimend on disturbel Mojave Deset
land hawe been establishd to determire
need for supplementawater nutrients
ard protectiom  from grazirg rabbits
Resuls to dae shav tha the® three
factors are limiting conditiors which mus
be satisfi@l in orde to achiew successiu
restoratim of shruls on disturbel sites



New transplang mug be irrigated with 3-
to 5-gd of wate a 3- to 4-wekk intervak
during the first year from the time of
transplantig until the onsé of late fall
and winter rainfall. It would appea that,
for restoratim of large disturb&l areas
early fall transplantig would be the mog
economich procedue to follow. Trans
plants hawe respondd favoraby to supple
mentd nitrogen fertilizer supplie in both
organc ard inorganc form. We observe
sone initial adverg effecs on growth
when commercia manue supplemerg
were used The® were overcone after six
months armd enhancd growt followed
We haw establishd field-trial tess on
disturbel land nea the 10-MW, pilot plant
site a Daggett ard a Frenchma Flat,
Jackas Flat amd Yucca Flat on the
Nevad Ted Site

Transplantig shruts for restoratimm of
vegetatiom arourd the 10-MW. sola site
visitors cente was startel during the
third quarter Both native shruls ard
ornamenth horticulture plans are beirg
used A smal botanich garden consistig
of variols Mojave Deset shruls will be
establishd as patt of this effort.

4.5.54 Environmental Monitorin g of the
10-MW, Pilot Site and Surround-
ings

This is a continuirg study initiated in
FY 1978 Baselire environmenth mea
surememd a the Barstav 10-MW, pilot
plarnt site begun in 197 were concludel in
the summe of 1972 A report "Ecolog
ical Bag Line Studies at the Site of the
Barstav 10-MW, Sola Therma Powe
System; was issu@l in Novembe 1979
Work a the site then enterel a new
phase—tht of examinirg possibé envi
ronmenth consequence of constructio
activities

Constructim of the pilot plart bega in
the fall of 1979 Environmenth monitor
ing in the envirors of the developim facil-
ity continued with emphas on possibé
disturbance associatd with constructio
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activities Measuremerstwere mace from
100 to 139 m eas of the downwird side of
the heliostd field, where potentid effects
would be mog conspicuousl expressed
ard farthe to the eag a distancs
beyord likely influences of constructio
activities The heliosta field was clearal
and gradel in the early fall of 1979 The
maja impad of this work was movemen
of windblown sard into area downwird of
the field. Fluxes of blown sam betwea
grourd levd ard 36 cm were measurd a
six sites Between Octobe 13 19° ard
March 1, 198Q we estimate tha abou
180 metric tons of sard were removel by
wind ard deposited in an arc alorg the
downwird margn of the  field.
Observatios during the spring of 198
indicated that in sone areas nev sard
deposis inhibited germinatimm of annua
plants ard reducel densiy ard diversity.
These effecs were erratically expresse
ard restricteal to areas 100-1® m
downwird of the mirror field.

Investigatiors of possibé effecs of con
structian activities will continte throug
the fall of 1981 a which time the pilot
plant is expectéd to begh a preoperationla
testing phase

4.5.55 Ecological and Microclimati c
Effects within Heliostat Array s

This stud/ was in plae a the time LBES
was  given responsibiliy  for its
managemen ard is beirg implementd
throuch a subcontrat to Arizona Stae
University. A series of plywoad pane$
simulates the shadig effecs of helio
stats  Monitoring has included weekly
biotic ard abiotic data collection ove the
lagt two yeas characterizd by measurig
air temperature ard humidity, sol mois
ture, precipitation accumulatd air flow,
incoming short-wae radiation neg all-
wawve radiation gros plant productivily
for two dominan shrubs germinatimmn ard
distribution of annu& plants ard identr
fication ard quantification of arthropod
ard reptiles

Original from
CORNELL UNIVERSITY



Field activities were completel in Jure
1980 A fina repot of findings is sched
uled to be releasd in Octobe 1980 The
resuls of this stud/ will be combinal with
findings of the revegetatiao studies beirg
conductel by LBES at Barstav ard usel to
develp a sol surfae stabilizatio
stratey to ted within the heliosta array
at Barstav in FY 1982

4.5.56 Guidelines for Community Utili -
zation of Small-Scak Sola
Thermal Energy Systens

This projed is studyirg the problens of
communiy utilization of small-scaé sola
thermd enery systems The principd
barriels to the commercializatia of cur-
rent sola conservatia technologies are
institutiond rathe than technical Simi-
lar barries are likely to inhibit the com
mercialization of small-scaé sola totd
enery systems Mary of thes problens
can be reduce or eliminatel with minimd
socid impact

An ongoirg literature seart has indicatel
that a comprehensi® communiy impad
ard utilization study for small-sca¢ STES
has not bean accomplished Mog of the
related studies offer only a piecemeh
approab or addres themselve to the
larger centrad receive systens which will
mog likely be managd by utilities. It is
assumd that small-scaé STES will not
require centralizel managemenard con
trol.  Significart communiy ard utility
impacs coud resut from the possibé
diversification ard decentralizatio of
electricd productiov ard distribution
Information on thee problens ard
impacs is noticeaby lacking

This projed will generag¢ informatian on
the needs barriers ard impacs to the
utilization of small-sca¢ STES Projed
studies include (1) the value to commu
nities of small-sca¢é STES ard barries to
their use (2) elimination of those barriers
(3) communiy effecs (environmental
urban design social ard institutional)
(4) comparisa of effecs of small-scad
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STES with thoe of traditiond centrad
powe facilities, (5 the interfae of thee
systens with utilities amd enery in-
dustries (6) stud/ of the beg uses for
thee systems ard (7) formation of a plan
for communiy utilization.

4.5.57 Project Managemert

Faculy amd gradua¢ studens from the
UCLA campis are frequenty recruited to
prepae shot authoritative position papes
on subjecs unde consideratia for more
detailed treatment Faculy ard studens
from the gradua¢ progran in Environ
mentd Sciene ard Engineerig usel this
subje¢ as a theme for summe coure
work unde LBES sponsorship Siting a
Hybrid Sola Thermad Powe Systen in the
Easten Mojave Deset of California A
Ted Case
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ACRONYM S AND ABBREVIATION S

ACRES Advancel Componeh Researh Facility

ACTF Advancel Componeh Ted Facility (Georga Institute of Technology

ADVS Analog Design Verification Systen

AGT Advancel Garret Turbine

ALO Albuquergwe Operatiors Office (Departmeh of Energy

ASHRAE American Sociey of Heating Refrigeration ard Air Conditionirg
Enginees

ASME American Sociey of Mechanich Enginees

ASTM American Sociey for Testing ard Materiak

BCS Bean Characterizatio Systen

BuRec Bureas of Reclamatio (Departmen of Interior)

CMTF Collecta Module Ted Facility (Sanda Nationd Laboratories
Albuquerqué

CR Centrd Receive

CRS Centrd Receive Systen

CRTF Centrd Receive Ted Facility

csr Centrd Sola Technoloy (Departmeh of Energy)

DCS Distributed Collecta Systen

DGAP Data Gatherig ard Processig

DNB Departue from Nucleae Boiling

DOD Departmen of Defen®

DOE Departmen of Energy

EPR Electric Powe Researh Institute

ERDA Enery Researkh ard Developmeh Administration

ESG Energy Systens Group Rockwel Internation&

ETS Edward Ted Statin (Je Propulsiom Laboratory

FACC Ford Aerospae ard Communicatios Corporatiom

FMDF Fixed Mirror, Distributed Focts

FWDC Foste Wheele Developmeh Corporatim

FY Fiscd Yea

GA Generd Atomic

GE-AED Genera Electric Compay Advancel Enery Departmeh

GE-SMD Genera Electric Company Simulation ard Controk Departmen

GIT Georga Institute of Technoloy

GRP Glass Reinforcel Plastc

HMO Hea Medium Oll

HVAC Heating Ventilating Air Conditionirg

IEA Internation& Enery Ageng

INSOL Insolation Data Base

IPH Industrid Proces Hea

IRAP Insolaticn Resoure AssessmenProgran

JAL Jet Propulsim Laboratoy (California Institute of Technology

Nationd Aeronautic ard Spa@ Administration
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kWe
KW,

LASL
LBNL
LCC
LCNT
LeRC

LFDR
LLNL
LBES

MCS
MDAC
MISR
MMC
MMPE
MSSTF

MTCRF

MTI
MW,
MW,

NASA
NCC
NMSU
NOAA
NRL
NSF

O&M
ORC

PCC
PCM
PCU
PDTS
PFDR
PFDRT
PMMA
PNL
PPG
PRDA

QAS

RAD
R&D
RFP

ACRONYM S AND ABBREVIATION S (Continued

Kilowatts (electrig
Kilowatts (therma)

Los Alamos Scientific Laboratoy

Lawrene Berkeley Nationd Laboratoy

Low-Cog Concentrato

Low Concentratio Non-Trackirg Systen

Lewis Researhb Cente (Nationd Aeronautic and Spae
Administration

Line-Focws Distributed Receive

Lawrence Livermore Nationd Laboratoy

Laboratoy of Biomedicd and Environmenta Sciences (University of
California, Los Angeleg

Mastg Contrd System

McDonnel Douglas Astronautic Compalty

Modular Industrid Sola Retrofit Progran

Martin Marietta Corporatio

Military Module Powe Equipmert

Midtemperatue Sola Systen Ted Facility (Sanda Nationd
Laboratories Albuquerqué

Medtemperatue Collecta Researh Facility (Sola Energy Researh
Institute)

Mechanic& Technology Inc.

Megawats (electrig

Megawats (therma)

Nationd Aeronautic and Spa® Administratian
Nationd Climatic Cente

New Mexico Stat University

Nationd Oceant amd Atmospherc Administration
Navd Researh Laboratoy

Nationd Sciene® Foundatio

Operatiors and Maintenane
Organic Rankire Cycle

Pittsburdh Corning Corporatim

Pha® Chang Materid

Powea Conversim Unit

Parabolc Dish Ted Site

Point-Focusig Distributed Receive
Point-Focusig Distributed Receive Technoloy
Polymethylmethacryla Acrylics

Battelle Pacific Northwed Laboratorie
Pittsburdh Plate Glass Industries

Progran Researbh & Developmeh Announcemenh

Quality Assurane and Standard

Researb amd Advancel Developmeh
Researb amd Developmen
Reques for Proposa
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rms
RTV

SAN
SCE
SEIDB
SER
SERARH

SER

SFD

SHAC
SMSA
SNET
SNLA
SNLL
SOLAR/CS

SOLAR/ET

SOV
SPHER
SP&
SRE
STEP
STES
STF
STMPO
STOR
STTFUA

TBC
TES
™Y

UCLA
WPRS

WSS

ACRONYM S AND ABBREVIATION S (Concluded

root mean squae
Roan Temperatue Vulcanizirg

Departmen of Energy San Franciso Operatios Office

Smal Communiy Sola Therma Powe Experimen

Sola Energy Information Data Bark (Sola Enery Researh Institute

Sola Enhancd Oil Recovey

Sola Enery Researh and Applicatiors in Proces Hea Facility
(Sola Enery Researh Institute

Sola Enery Researb Institute

Sola Facilities Design Integrato

Sola Heatirg ard Cooling

Standad Metropolitan Statisticd Area

Southen New Englard Telephoe Compary

Sanda Nationd Laboratories Albuquerqe

Sanda Nationd Laboratories Livermore

Division of Sola Applicatiors unde the Office of the Assistam
Secretay for Conservatia ard Sola Applicatiors

Division of Centrd Sola Technolog ard Division of Distributed Sola
Technoloy unde the Office of the Assistan Secretay for Energy
Technoloy

Statemenh of Work

Smal Partick Heat-ExchangeReceive

Smal Powe Systens Applicatiors

Subsysten Researk Experimen (J& Propulsim Laboratory

Sola Totd Enery Projed

Sola Totd Enery Systens

Systens Ted Facility

Sola Ten-Megawadt Projed¢ Office (Departmen of Energy

Energy Storag Systens (Departmenh of Energy

Sola Therma Ted Facilities Uses Associatiom

Test-Bal Concentrato (J& Propulsimm Laboratory
Therma Enery Storag
Typicd Meteorologich Yea

Universily of California a Los Angeles

Wate amd Powea Resourcse Servie (Bureal of Reclamation
Departmen of Interior)
White Sand Sola Furnae
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