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Preface

The DOEDivision of Energy Storage Systems (DOE/STOR)is responsible for
formulating and managing research and development in energy storage
technology. Major responsibility for project management in selected areas
has been shifted to the DOEnational laboratories and other government
agencies. NASALewis Research Center (LeRC) was given the primary
responsibility for the development of high temperature sensible and latent
heat storage technology. Project management responsibility was formally

_ delegated to NASAunder Interagency Agreement EC-77-A31-1034 on January 17,
1977. During FY 79 LeRC was given added responsibility in low temperature
thermal storage applications related to industrial process and reject heat.

In accordance with DOE's emphasis on decentralizing program management
functions, NASAwas asked in May, 1979, to consider the possibility of
LeRC assuming the lead center responsibility for DOE's Thermal Energy
Storage Program (with the exception of aquifer storage) starting at the
beginning of FY 1980. NASAreluctantly declined, in November, 1979, to
take on additional responsibilities in the Program at LeRC and decided to
phase-out LeRC's total involvement in the Program in FY 1980. While the
NASAdecision process was taking place, LeRC agreed to assume an "acting"
lead center role to assist DOEin the planning and implementation of lead
center activities.

This annual report (January, 1979 - March, 1980) was prepared as part of
the reporting requirements under the interagency agreement, noted above.
The report describes not only the planning/implementation of activities
associated with the "acting" lead center management role but also the
technical accomplishments pertaining to high temperature thermal energy
storage subsystems.
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Project Background

Near term oil savings, solar (inexhaustible) energy applications and
dispersed energy systems are the primary activities being emphasized by
the Department of Energy in their energy-saving and energy substitution
missions. Thermal storage is an important factor in the success of these
missions by correcting the supply/use mismatch that occurs in most energy
delivery systems. Attractive applications include solar and conventional
space heating/cooling,-industrial process/waste heat recovery, and load
shifting for coal, nuclear, and solar thermal electrical power generation.

Within DOE, responsibility for the development of reliable, efficient, and
low cost thermal storage technologies has been delegated to the Division
of Energy Storage Systems. Implementation of the Thermal Energy Storage
Program under the direction of John Gahimer has been assigned to lead
laboratories consisting of national laboratories and other government
agencies. NASALewis Research Center (LeRC) was given the primary
responsibility for the development of high temperature sensible and latent
heat storage technology. Project management responsibility was formally
delegated to NASAunder Interagency Agreement EC-77-A31-1034 on January 17,
1977. Durirg FY 79 LeRC was given added responsibility in low temperature
thermal storage applications related to industrial process and reject heat.

In accordance with DOE's emphasis on decentralizing program management
functions, NASAwas asked to consider accepting the overall program
management responsibility with LeRC as the lead center in thermal energy
storage. However, considerations related to LeRC priorities and manpower
constraints pertinent to DOEreimbursable programs, resulted in a decision
to terminate LeRC participation in the DOEThermal Energy Storage Program
through an orderly transition to be completed in FY 80. During the
phase-out period LeRC will continue to assume an "acting" lead center
posture to assist DOEin the planning and implementation of lead
laboratory activities. This annual report (January 1979 - March 1980)
describes not only the planning/implementation of activities associated
with the "acting" lead center management role but also the technical
accomplishments pertaining to high temperature thermal energy storage
subsystems.



Objective/Structure

The general objective of the Thermal Energy Storage Program is to develop
the technology for cost and performance effective thermal energy storage
systems for end-use application sectors. The technologies include all
sensible and latent heat storage. Technologies for selected applications
will be developed to the point of acceptance by the private sector or for
systems integration and field testing by a DOEend-use Division. The
Program's activities are accomplished principally through contracts within
the private sector to provide early and effective transfer of technology.
Government funds in support of this Program are provided by DOE.
Activities are coordinated with complementary projects and tasks being
pursued by DOEend-use Divisions and national laboratories, the Solar
Energy Research Institute (SERI), the Electric Power Research Institute
(EPRI), the Tennessee Valley Authority (TVA), the Naval Research
Laboratory (NRL), and the Battelle, Pacific Northwest Laboratory (PNL).

The lead center and lead laboratory structure for the Thermal Energy
Storage Program is shown in Figure ( l ). Major program elements reported
herein as LeRC primary responsibilities are (l.O) Program Definition and
Assessment, (2.0) Research and Technology Development, (3.0) Industrial
Storage Applications. LeRC "acting" lead center management role pertains
primarily to (4.0) Solar Thermal Power Storage Applications as well as
(5.0) Building Heating and Cooling Applications.

DOE

DIVISIONOFENERGYSTORAGESYSTEMS

THERMALANDMECHANICAL

ENERGYSTORAGEPROGRAM

THERMALENERGY .
TO BE DESIGNATEDBY DOE

STORAGEPROGRAM (LeRC ACTING ROLE)
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FIGURE1. - THERMALENERGYSTORAGEPROGRAMSTRUCTURE.



A brief description of these program elements follows:

1.0 Program Definition and Assessment

An essential function related to management of the overall thermal
energy storage program is that of program definition and assessment. The
major emphasis in this activity is the implementation of a program-level
assessment of thermal energy storage technology thrusts for the near and
far term to assure an overall coherent energy storage program. Included

"_ is the identification and definition of potential new thermal energy
storage applications, definition of technology requirements, appropriate
system definition studies and identification of appropriate market
sectors. This activity also includes the necessary coordination, planning
and preparation associated with program reviews, workshops, multi-year
plans and annual operating plans for the major lead laboratory tasks.
SERI assessment tasks will be coordinated and integrated into this
activity. LeRC activities in this area will be terminated and existing
planning transferred to the DOEdesignated lead center in FY 80.

2.0 Research and Technology Development

This task will provide for an advanced technology base which will
lead to improved thermal energy storage concepts and designs for existing
baseline storage systems. Generic, high risk technologies will be
evaluated and appropriate technology development undertaken. A close SERI
interface will be established and maintained to coordinate and select
those technologies which offer a significant advancement based on the
results of current SERI studies. Included in this activity are the
technical monitoring requirements associated with several current
development contracts and the management of the LeRC in-house thermal
energy storage tests. Existing contracts will be completed during FY 80.
No new tasks will be initiated.

3.0 Industrial Storage Applications

The major tasks in this program element are the implementation of a
technology demonstration for the food processing industry, the development
and technology demonstration for selected near-term, in-plant applications
and the development and technology demonstration for advanced industrial
applications. These tasks will be supported by an on-going system studies
activity which will assess near-term, in-plant applications, solar
applications, and heat transport requirements. An important adjunct to
this activity is the continued implementation of technology transfer
through information collection and dissemination. Current procurement
activity will be completed after which contract technical management will
be transferred to a DOEdesignated lead center or laboratory in FY 80.



_.0 Solar Thermal Power Storage Applications

Plans have been developed with DOE for a comprehensive advanced
thermal energy storage technology and development program in FY 80-85
covering all solar thermal large and small power systems applications.
Major thrusts in this application area will be implemented by DOE
designated lead laboratories with overall program management to be the
responsibility of a DOE designated lead center. Major emphasis will be
given to advanced thermal storage for molten salt, central receiver
systems and the organic sensible heat distributed receiver systems to
support apDlication areas such as Barstow and Shenandoah. SERI tasks
related to supporting research and technology for the thermal storage
program are an integral part of this activity. Management activity
related to these tasks will be transferred to the DOE designated lead
center in FY 80.

5.0 Buildin 9 Heatin 9 and Cooling Applications

Plans are being developed for a comprehensive thermal energy storage
technology and development program covering building heating and cooling
applications in the residential and commercial sectors. Primary emphasis
is on the "customer side of the meter" storage applications to provide for
utility load management. Development and demonstration of improved and
advanced thermal storage subsystems for space conditioning in solar
applications are included in the overall program goals. Management
activity related to these tasks will be transferred to the DOE designated
lead center in FY 80.
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PROJECTMILESTONES/MAJORACCOMPLISHMENTS

ELEMENT
EXEIVTION FY79 FY80 FY 11 FY82 FY83 FY84

1.0 PROGRAMDEFINITION& ASSESSMENT **/SERI /-/_ ...... 2V

3v ......._
2.0 RESEARCH&.TECHNOLOGYDEVELOPMENT **/SERI

3.0 INDUSTRIALSTORAGEAPPLICATIONS LeRC/** 5V 16V ?V 8V

q.O SOLARTHE_ALPOWERSTORAGEAPPLICATIONS SANDIALL 9v]O v ]Iv

5.0 BUILDINGHEATING& COOLINGAPPLICTIONS ORNL 12V13_

I ,
i. AWARDCONTRACTFORPROGRAMANALYSISANDPLANTII_GASSESS%ENT
2. INITIATESECONDPHASEOFPROGRAMANALYSISA_IOPLAN!lINGAS_ESR_ET;T
3. C_IPLETEMETALALLOYPRnPERTYMEASUREMENTANDCONTAI!IXE_TCOMPATIBILITYFORHIGHTF_MPERATURETESCONCEPTS
4. COMPLETELABORATORYDEVELO_EIiTFOR_VAT_CEDSTORAGE_YSTE_APPLICATIONSCONCEPTS
5. A:¢ARDMULTIPLECONTRACTSFORIT:DUSTRIALDE_O'ISTRAIIO'_SFOR_;EAR-TE_MAPPLICATIONS
6. COMPLETEPAPER/PULPTHERMALENERGYSTOPAGETECH_OLOGYTQ_'_SFER
7. COMPLETEFnODPROCESSINGINDUSTRYDE%O!iSIRAIInN
B. COMPLETENEAR-TERMINDUSTRIALSTORt_GEDE_O!ISTRATI_N
9. COMPLETESRE'DESlGN,TESTINGOFSTO_GEFORrlOLTENSALTCOOLEDRECEIVERSFORSOLARINDUSTRIALAPPLICATIONS
10. COMPLETESRE'DESIGN,TESTINGFORS_AI.LC....cIITYSYSTEMS
11. C_PLETESRE'DESIG_I,TESTINGFORSliE74ATJ;OAH_ET_OFIT
12. RELEASERFPONCOOLINGSTORAGEFORRESI_Z'_TIALLOAD_NASEMENTSTORAGESYSTE_IS
13. RELEASERFP0_IMPROVEDHEATINGFORRESIDENrlAL/CO?._'.IERCIALLOADMANAGE_NTSTORAGESYSTEMS

°SRE:SYSfEMRESEARCIIEXPERIMENT

**DOE DESIGNATEDLEADCENTER AND/OR LEAD LABOPa_TORY

FIGURE2. - SCHEDULESUMMARY.

The ScheduleSummary (Figure2) identifiesthe major milestonesrelatedto
the leadcenterand leadlaboratoryactivities.The program'splanned
majoractivitiesare directedtowardthermalstorageapplicationsfor the
industrial,solar thermalpower and buildingheatingand cooling sectors.
Elementsl.O,2.0 and3.0 arethosein whichLeRCwouldhaveplayeda
major role had LeRC retainedthe lead centerrole. However,with the
decisionto terminatethermalenergystorageactivities,thisreporting
period became,for LeRC, a period of transitionduringwhich lead center
and lead laboratorytasks have been in the process of transfer. DOE
Headquartersis assumingthe leadcenterresponsibilityandORNLwas
assignedthe IndustrialStorageLeadLaboratorytask in earlyMarchIg80.
As a consequenceof the NASA decisionto terminatethermal storage
activitiesthe milestonesin elements l.O, 2.0 and 3.0 are not all
directlyapplicable.

Element l.O has been deferreduntil DOE Headquartersis adequatelystaffed
to implementthis activity.Element2.0 milestone3 willbe completedby
LeRC, however,milestone4 is subjectto future decisions. Element3.0
milestone5 willbe accomplishedby LeRC latein FY 80 afterwhich
responsibilitywill be transferredto ORNL. The remainingmilestonesin
Element3.0 will be subject to ORNL/DOEmanagement decisions. Elements
4.0 and5.0 arenot directlycontrolledby LeRC and,therefore,will not
be discussedhere.

5



Major accomplishments toward achieving the above milestones are itemized
below per the respective elements:

1.0 PROGRAMDEFINITION ANDASSESSMENT

o For electric utility applications, the GE task "Conceptal Design
of Thermal Energy Storage Systems for Near Term Electric Utility
Applications" was completed in March 1979. A public review was
held in April 1979 and a final report published in July 1979.

o LeRC assumed an acting lead center role and implemented
coordination meetings with thermal energy storage program lead
laboratories in May 1979.

o W. Masica (LeRC) participated in the International Assembly on
Energy Storage held in Yugoslavia in May 1979.

o DOE/STORwas informed on November 21, 1979 that NASAwill
terminate thermal energy storage activities through an orderly
transition to be completed during FY 1980.

o The DOE/STORAnnual Thermal Energy Storage Program Review was held
at Tyson Corner's, Virginia in December, 1979. This activity was
organized by LeRC.

2.0 SUPPORTINGRESEARCHANDTECHNOLOGY

o A University of Delaware grant for laboratory studies of metal
alloy thermal storage media was extended for one year in August
1979.

o A contract to oerform laboratory studies of high temperature
carbonates was awarded to IGT in August 1979.

o Final results of MRI's TES fluidized bed analysis indicate that
for selected, near-term industrial applications (cement, electric
arc furnaces) the fluidized beds are only marginally competitive.

o A technical report describing the LeRC in-house testing and
engineering evaluation of prototype latent heat (sodium hydroxide)
storage module was published.

3.0 INDUSTRIALSTORAGEAPPLICATIONS

o An RFP for technology transfer in the paper and pulp industry was
released in June 1979. Subsequent proposal evaluation led to a
contract award to Howard Edde, Inc., Seattle, Washington in
February 1980.



3.0 INDUSTRIALSTORAGEAPPLICATIONS- Cont.

o An RFP for a noncompetitive procurement was released to H, J.
Heinz Company, Pittsburgh, Pennsylvania for a technology
demonstration. This task will be transferred to ORNLfor contract
award and implementation.

o The RFP for "Development/Demonstration of TES in Industrial
Applications" was released on February 29, 1980. This SlIM
procurement will be transferred to ORNLafter contract award in

- late FY 80.

o R. Duscha (LeRC) presented a paper entitled "The Role of Thermal
Energy Storage in Industrial Energy Conservation" at the 1979
Conference on Industrial Energy Conservation Technology, April
1979 in Houston, Texas.

o R. Duscha presented a paper entitled "Industrial Thermal Storage
Applications" at the Second Franco-American Conference on
Industrial Energy Conservation held in Washingon, DC in February
1980.

4.0 SOLARTHERMALPOWERSYSTEMSAPPLICATIONS

o L. Gordon (LeRC) served as chairman of the Storage for Process
Heat Applications Panel, Solar Energy Storage Options Workshop
held in San Antonio, Texas, March 1979.

o Grumman, Honeywell and IGT participated in a contractor's status
review held at LeRC in March 1979. Participants included NASA
Headquarters, JPL, and SLL personnel.

o J. Calogeras (LeRC) presented a storage technology status review
for Solar Thermal Power Systems at the Semi-Annual DOE/CST
Advanced Technology Meeting in Long Beach, California in June 1979.

o The DOE/STORmulti-year plan "Thermal Energy Storage for Solar
Thermal Applications" was reviewed for DOE/STORin September
1979. The plan presents a coordinated DOE/STOR/CSTeffort to
provide storage subsystems.

o o E. Furman (LeRC) presented a paper on thermal storage at the Solar
Industrial Process Heat Conference held in Oakland, California in
November 1979.

o Honeywell completed tests of their Reflux Boiler (water/molten
salt) active heat exchange module in December 1979. Success was
limited due to the formation of unstable compounds (hydrated
salts).



4.0 SOLARTHERMALPOWERSYSTEMSAPPLICATIONS- Cont.

o A ground breaking ceremony for the 2 MWH(th) Energy Storage
Boiler Tank was held on January 4, 1979 at the Naval Research
Laboratory, Washington, DC.

5.0 BUILDING HEATINGANDCOOLING

o LeRC jointly formulated with ORNLthe project structure for the
BHACbased on DOE/STORrestructuring of aquifer and low
temperature industrial application areas.
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ELEMENT1.0

PROGRAMDEFINITION ANDASSESSMENT

BACKGROUND:

An essential function related to management of the overall thermal energy
storage program is that of program definition and assessment. The major
emphasis in this element is the implementation of a program level
assessment of thermal energy storage technology thrusts for the near and
far term to assure an overall coherent energy storage program. Included
is the identification and definition of potential new thermal energy
storage applications, definition of technology requirements, appropriate
system definition studies and identification of appropriate market
sectors. This element also includes the necessary coordination, planning
and preparation associated with program reviews, workshops, multi-year
plans and annual operating plans for the major lead laboratory tasks.

APPROACH:

PROGRAMPLANNINGANDMANAGEMENT

The Thermal Storage Program develops reliable, efficient, inexpensive
storage technologies to support other DOEor private sector end-users in
their substitution and energy savings missions. Within DOEthis is
accomplished by technology transfer agreements between STORand the
respective end-use divisions as shown in Figure 3.

/_ENERGY STORAGEFOR_

APPLICAT_

__DO_STOR \OBJECTIVES/STORAND__

PROJECT -- ,,_ "ILCH,_LOGY

LE_ L_, i/_HERMALENERGYSTORAGE TRANSFER

FOR
SOLARTHERMALELECTRICPOWER

APPLICATIONS

Figure3. - Programdefinitionandassessmentflowchart program.
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The lead center is responsiblefor ensuringthat the milestones,
resources,and technologytransfersare accomplished. Initially,an
energy storageprogramassessmentis performedfor a particular
applicationarea. If this assessmentindicatesthat thermalenergy
storageis competitivewith respectto other storagetechnologies
(batteries,flywheels,etc.) then the objective/goalscan be definedfor a
project area. The lead laboratoryprovidesthe necessarymanagementto
implementthe projectand providethe necessarytechnologyfor transferto
the end-user.

" Lead laboratoryprojectstructuregenerallytakes a form similarto that
shown in Figure 4. System studiesare applicationorientedand consistof
conceptidentification,technoeconomicassessments,and conceptualdesign
studies. Conceptdevelopmentactivitiesincludedevelopmentof storage
conceptsto the point of establishingthe technicalfeasibilityand
assessingthe conceptsbased on generalapplicationrequirements.
Establishingtechnicalfeasibilityinvolvesboth conceptfeasibility
studies and small-scalelaboratoryexperiments.

f DEMONSTRATION

SYSTEM CONCEPT _ TECHNOLOGY

STUDIES DEVELOPMENTJ -U VALIDATION .

_ END-USE

APPLICATION
f

SUPPORTINGRESEARCHANDTECHNOLOGYJ

Figure 4. - Leadlaboratoryproject structure.

The subsystemdevelopmentphases culminatewith technologyreadinessor
technologyvalidationfor the storagesubsystem. Activitiesinclude
subsystemdefinition,engineeringdevelopment,and subscaleresearch
experiments(SRE's). Throughoutthese variousproject phases continuous

_ effortsare directedtoward genericadvancedtechnologyand exploratory
researchstudiesthus providinga supportin9 research and technolo_,vbase.

Primaryresultsof programplanning and management are documentedin three
documents: (1) InteragencyAgreement (IAA), (2) Annual OperatingPlan
(AOP), and (3) MonthlyManagementInformationand ContractStatus (MICS)
reports. The FY 79 IAA Amendment3 was signedin February,1979 for
$1,800.000. The FY 79 AOP further delineatedthe breakdownof resources
to specifictasks. The statusof these tasks, noting accomplishments,
impact items,and forward actions is reportedin the MICS.

II



The draft FY 80 AOP, although required to be submitted by September I,
1979, was not released to DOEuntil December 1979. This delay was a
bilateral agreement pending NASA's decision pertaining to the DOErequest
for LeRC to become the lead center for thermal storage.

PROJECTASSESSMENT

During this reporting period, specific project assessments focused on the
completion of system studies for "Peak Following Thermal Storage for Steam
Electric Power". For near-term utility applications it was felt that
thermal energy storage could be easily "retrofitted" to existing power
plants. However, an earlier project assessment by Bechtel concluded that
high capital costs and long retrofit downtimes negated the use of thermal
energy storage. On the positive side, it was recommendedthat thermal
energy storage might be attractive for "new construction" coal and nuclear
power plant application. A second assessment completed in FY 7g For New
Plant Thermal Energy Systems was performed by General Electric

GENERALELECTRIC
CDEN3-12)

This "new plant" assessment was quite extensive and examined some50 plus
technologies applicable to thermal energy storage subsystems. From this
matrix, twelve (12) concepts were selected for a detailed techno_cnr,_, :s
assessment as shown in Figure 5.

TYPE MEDIUM FEATURE UTILIZATION

SENSIBLEHEAT WATER PRESTRESSEDCAST-IRONVESSEL FWH,SG

PRESTRESSEDCONCRETEANDWELDED FWH,SG
STEELPRESSUREVESSELS

CONCRETE-SUPPORTEDCAVERNTANK SG

AIR-SUPPORTEDCAVERNTANK FWH

AIR-SUPPORTEDCAVERNTANK- SG
STEELLINED

AQUIFER FWH

WATERISTEELHEAVYWALLEDSTEELCYLINDERS FWH,SG
OIL DUALTANKS FINH

OILAND ROCK THERMOCLINETANK FVVH,SC

OIL/MOLTEN TWO STAGE,DUALORTHERMOCLINE SG
SALT TANK

MOLTENSALT DUALTANKS SG

PHASECHANGESALTEUTECTICDIRECTCONTACTSYSTEM SG

FWH- FEEDWATERHEAT
SG - STEAMGENERATION

Figure5.-NewplantTESassessmentfor utility applications.
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Conceptualdesignsof four selectedTES system conceptswere integrated
into conventionalbase loaded plant designs. These concepts,as indicated
on Figure 5, were as follows:

a. A dual media, sensibleheat, thermalenergy storageintegrated
with a high sulfur coal power plant and supplyingsteam to a
separate peakingpower conversionsystem.

b. An underground,high temperaturewater,thermalenergy storage
integratedwith a high sulfur coal power plant and supplyingsteam
to a separatepeakingpower conversionsystem.

c. An above ground,high temperaturewater, thermalenergy storage
integratedwith a PressurizedWater Reactorpower plant and
supplyingboilerfeedwaterpreheat.

d. A dualmedia, sensible heat,thermal energy storageintegrated
with a PressurizedWater Reactor power plant and supplyingboiler
feedwaterpreheat.

The bottom line of this assessmentconcludedthat load levelingthermal
storageis onlymarginallycompetitivewith baseload,coal fired, cycling
plants.

How the results of the Bechteland GeneralElectricassessmentsaffected

the "PeakFollowingThermalStoragefor Steam ElectricPower" project is
graphicallyshown in Figure 6. Based on the "negative"and "marginally
competitive"assessments,the plannedconceptdevelopmentand technology
validationphase of the projectwere redefined. Future development
activitiesfor utilitieswill be directedtoward compressedair energy
storage (CAES)integratedwith thermalenergy storage.

FY 76 77 ! 78 [ 79 80 [ 81 82 t 83

SYSTEMSTUDIES

RETROFITTESASSESSMENT(BECHTEL)

NEWPLANTTESASSESSMENT(G.E.I

COr_CEPTDEVELOPMENT !
/

ANALYSISANDDESIGNSTUDIES
!
I" SUPPORTINGEXPERIMENTATION

ENGINEERINGMODELFAB.& TESTING Plannedactivit terminated

° TECHNOLOGYVALIDATION July '70 basedon System
StudyResults

PRELIMINARYENGINEERINGDESIGN

ENGINEERINGDESIGN .. l

CONSTRUCTIONAND ACCEPT.TESTING _"

Figure 6. - Project schedulefor peakfollowingTES.
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As acting lead center, consideration was given to ti_ _w_rall program
assessment and its relationship to the DOEDivision, the lead center, and
responsible lead laboratory. This assessment (for BHAC, INDUS, UTILITY,
etc.) is shown in Figure 7 as the "shaded" activity. As part of this
assessment, a competitive contract was planned (later cancelled because of
NASA's decision not to assume lead center role) and would have consisted
of the following:

a. Conducting a supporting analysis of the curren[: program areas with
major emphasis on solar thermal applications. Storage
alternatives will be identified along with technology
requirements. Value comparisons will be performed and
commercialization requirements will be identified.

b. Identifying new applications and their technology requirements.
New storage concepts defined and economic evaluation will be
performed. Suitable demonstrations will be recommended in those
application areas offering potential for substantial ROI.

c. Assuring overall integration and coordination of thermal storage
developments with the appropriate DOEend-use divisions. This
task will include assessments of technical progress, coordination
of development goals, and milestones. Particular attention will
be given to the impact of environmental requirements.

INFORMATIONDISSEMINATION

Previous reviews of the Thermal Energy Storage Program have been reported
as Contractors Information Exchange Meetings I, II and III. The format
for the fourth annual meeting (FY 79) was changed to reflect a year of
transition and overall program planning for thermal storage; hence, the
Thermal Energy Storage Program Review Meeting. As acting lead center,
Lewis Research Center hosted the meeting at the Holiday Inn, Tyson
Corners, Virginia on December 3-5, 1979. Proceedings have been prepared
for April, 1980 distribution and will contain the respective project area
overviews and selected presentations on specific technical and/or
economics areas of concern. To provide a complete compendium of all of
the on-going contracted activities in Thermal Energy Storage, brief
summary reports, solicited from each contractor, were also incorporated as
part of the Proceedings.

LeRC participation in various energy storage workshops was also a major
activity in this area.

Solar Energy Storage Options, an intensive workshop on thermal energy
storage for solar heating and cooling, was held in March, 1979, in San
Antonio, Texas. The workshop, which attracted participants from
throughout the U.S., Canada, and a number of other" nations, focused on six
major subject areas: Annual Storage for Building Heating and Cooling,
Solar Energy-Electric Heat PumpSystems, Storage for Process Heat
Applications, Storage in Building Materials for Heating and Cooling,
Central Storage for Building Heating, and Central Storage for Building
Cooling. Lewis was responsible for Storage For Process Heat Application
session and the associated panel discussions/reports.
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ACCOMPLI SHMENTS

o Completed the General Electric assessment of "Thermal Energy
Storage for Peak-Following Utility Applications". Based on the
economic evaluation of being marginally competitive with coal
fired cycling plants, the planned (next phase) field test project
was cancelled. (April, 1979)

o Chaired committee on Storage for Process Heat at the Solar Energy
Storage Options Workshop in San Antonio, Texas (March, 1979).

o Participated in the "Solar Applications Analysis for Energy
Storage" being performed for STOR/TEABranch by Aerospace
(September, 1979 start).

o Submitted draft FY 80 Annual Operating Plan which transfers all
LeRC "acting" lead center functions and lead laboratory activities
back to DOE/STORor STORdesignee by the end of FY 80 (Dec. 79).

o Hosted the DOE/STOR"Thermal Energy Storage Program Review"
meeting at Tyson Corners, Virginia (December, 1979).

o Prepared for April, 80 distribution of the 600 plus page,
"Proceedings of the Thermal Energy Storage Program Review" (Feb.
8o).

ISSUES

o In accordance with DOE's emphasis on decentralizing program
management functions, NASAwas asked in May, 1979, to consider the
possibility of LeRC assuming the lead center responsibility for
DOE's Thermal Energy Storage Program (with the exception of
aquifer storage) starting at the beginning of FY 1980. Due to
manpower constraints and LeRC priorities pertinent to DOE
reimbursable programs, NASAreluctantly declined, in November,
1979, to take on additional responsibilities in the Program in FY
1980. While the NASAdecision process was taking place, LeRC
agreed to assume an "acting" lead center role to assist DOEin the
planning and implementation of lead center activities. Thus, FY
1980 is considered as a transition year during which all of the
Thermal Energy Storage Program activities for which LeRC has
responsibility, including "acting" lead center activities, will be o
transferred to a DOEdesignated lead center or laboratory.
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2.0 RESEARCHANDTECHNOLOGYDEVELOPMENT

BACKGROUND

During FY 79-80, NASA-Lewis Research Center has served as the lead center
for DOE/STOR'sThermal Energy Storage Program. The activities of the lead
center include coordinating a research and technology development program
and managing several of the efforts within that program. The program has
three objectives. The first objective is to establish advanced
technologies for TES systems to improve upon baseline system performance
and/or lower storage system costs. The second objective is to resolve
problems that are generic to several applications. Typical examples of
these problems are requirements for improved heat transfer and
identification of suitable storage media or appropriate containment
materials. The third objective is to provide any support required for the
development of baseline TES systems.

Many of the projects, especially those that are focused on a specific
application, are originated at and implemented by the lead laboratories.
The projects may be conducted by a private organization on contract to the
lead laboratory or may be conducted in-house. The functions of the lead
center are to coordinate the various projects between the organizations
involved, to recommend projects that are focused on a specific
application, and to conduct investigations that address issues generic to
several applications.

APPROACH

The research and technology development program consists of several types
of activities. New storage concepts are identified and then assessed to
determine performance and cost potentials and identify required technology
developments. Materials that are candidates for TES media are
investigated to determine heat transfer and corrosion characteristics.
Proof-of-concept experiments are conducted for the concepts that have the
most potential. Another activity is the engineering evaluation of
prototype storage modules to evaluate present technology. There are two
characteristics that are commonto most of these activities. The
activities are relatively short-term projects and usually include
laboratory or bench scale experiments.

The activities being managed by LeRC are shown below:

I079 I ,980 I
NE_'_CONCEPTS JIFIMIAIMIJIJIAISIoJNIDIJlEIt'_lAIMI_IJIAIslOiNIDIJIFI_'_JA]
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THERMOPHYSIbALPROPERIY
MEASUREMENTOFMETALALLO'Y
MEDIA
ISS: UNIVERSITYOF DELAWAREt
NSGB184

HIGHTEMPERATUREMOLTEN-SALT
LATE%THEATYESLAB. STUDIES
(SS: IGT_DENB-156

ENGINEERINGEVALUATION
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ICAm_ACANDIHERMBANK_,_ODULEI

Figure8.-ResearchandtechnologyflowcharL
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NEWCONCEPTASSESSMENTS

The object of this activity is to identify and select promising advanced
concepts and to determine what technology developments are required for
the concept. An assessment study determines what applications are
appropriate and assess several variations of a concept to determine the
most promising configuration. The study would include an evaluation to
determine potential energy savings that would result from use of the
selected concepts. The assessment study would evaluate the technology
development required to make construction of a full-scale system practical
and conclude with recommendations about the technical and economic
feasibility of selected concepts, the technical developments required, and
a proposed plan to develop the concept if warranted.

The assessment emphasized during the report period pertained to the
concept of using fluidized beds as a combined low cost thermal storage and
highly efficient heat exchanger subsystem.

The fluidized bed provides for good heat transfer between a gas and a tube
bank since solid particle thermal contact takes place as well as high
particle mobility. The transfer coefficients are somewhere between gas
and liquid values for the same velocities of flow. The high particle
mobilities, however, mean that the top and bottom of a fluidized bed will,
in general, be equal. In order to have a temperature distribution in a
fluidized bed, it is necessary to either operate at the ragged edge of
fluidization (essentially unstable) or partition the bed so as to inhibit
particle mobility. This staging concept adds considerably to the
complexity of construction and requires development work for the
particular geometries and particles chosen. The advantages of a fluidized
bed heat exchanger, even though staging is required, are that the solid
particles are mobile and can readily be transferred from one bed to
another or to a storage vessel. In addition, the particle mobility
eliminates the thermal stress limitation which is frequently encountered
with either cored brick or pebble bed heaters.

However, as with any heat exchanger/storage/application combination, there
exists technological uncertainties and potential component/system
integration problems which must be analyzed before cost benefits can be
accurately assessed. The need for this identification and the
techno-economic assessment of a viable heat exchanger/storage system
becomes the justification for this proposed effort.

MIDWESTRESEARCHINSTITUTE
(DEN 3-96)

Midwest Research Institute was awarded the program to provide and
parametrically analyze the operating characteristics and the economics of
selected thermal energy storage applications utilizing fluidized bed heat
exchangers. Specific task objectives were: (I) the definition of
potential fluidized bed concepts for thermal energy storage applications,
and (2) a techno-economic evaluation of selected heat exchanger/storage/
appl i cati on systems.
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In Task I, Application Identification, Concept Definition and Integration
the MRI recommended six fluidized bed applications, the majority of which
used the multi-staged beds. These applications were as follows:

I. Cement Plant - Rotary Kiln/Clinker Cooler
2. Steel Plant - Electric Arc Furnace
3. Copper Smelting - Reverberatory Furnace/Converter
4. Steel Plant - Iron Ore Sintering
5. Steel Plant - Dry Quench Coke
6. Solar Brayton Power Plant - Solar Receptor Supplement

From these six applications, the cement plant and the steel plant
(electric arc furnace) were selected as the two applications for the
detailed Task II Technical Analysis and Economic Evaluation. Both of
these applications would utilize the multi-stage fluidized bed thermal
energy storage subsystem.

_l's assessment has been completed and, the fluidized bed TES
applications (electric arc furnace, cement kiln) were found to be
marginally competitive for near-term, baseline systems (e.g. Element 3.0
Industrial Storage Applications) based on utility rate structure/
incentives. It was also recommended that fluidized beds for advanced
applications (solar thermal) should be assessed in the near future based
on systems identified as part of Element 4.0 (Solar Thermal Applications).
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ADVANCEDMEDIASTUDIES

In many instances thermal performance of a system could be improved or the
cost of energy reduced if advanced TES media were available. Activities
in this category are conducted to identify candidate media that offer the
potential for low cost, etc. The characteristics of the candidate media
are studied to determine if cost reductions might be obtained if new
methods of extracting or processing the materials are employed. The
corrosion characteristics of the media are evaluated to determine what
types of materials are suitable for containing the media. A literature
search may be conducted to determine if the appropriate properties for TES
have been determined and if the reported values agree sufficiently well.
If warranted, studies would be performed to determine properties such as
specific heat, latent heat of fusion, and thermal conductivity for the
purities expected in production quantitites appropriate for TES
applications.

There are two efforts that are investigating advanced media; the first is
evaluating carbonate salts for high temperature applications and the
second is a feasibility study of using metal alloys as TES media.

INSTITUTEOF GASTECHNOLOGY
(DEN 3-156)

The Institute of Gas Technology has been investigating carbonate salt
mixtures as viable candidates for high temperature applications. Under
the auspices of ERDA, Contract No. EY-76-C-02-2888, "Molten Salt Thermal
Energy Storage Systems", the apparent attractiveness of carbonate salts
was ascertained. The investigation was extended under a DOEfunded NASA
Contract, NAS3-20806, "High Temperature, Molten Salt, Thermal Energy
Storage System", to identify carbonate salts which could be used for
specific applications, such as, in the superheat region of a water-Rankine
cycle and in the lO00-1600°F proposed temperature range of solar power
systems. The carbonate salts at the low end of the temperature range
( lO00OF) were evaluated experimentally during Contract NAS3-20806 and
candidate carbonates were identified for the upper end of the temperature
range. The present effort, "High Temperature, Molten Salt-Latent Heat,
Thermal Energy Storage Development for Solar Applications", DEN3-156, is
a continuation of the previous work to select and test latent heat
carbonate media, containment materials, and thermal conductivity
enhancement (TCE) materials for high temperature applications (1300OF -
1600oF) such as advanced solar-thermal power generation systems. There
are three tasks in the present effort: material compatibility testing,
property measurements, and reporting.

The first task includes the selection of six candidate carbonate salts,
five containment materials, and two thermal conductivity enhancement
materials on the basis of thermal performance, cost, and operational
lifetime. Compatibility screening tests of I000 hours and 3000 hours of
the salt/containment/TCE materials will be performed to identify the most
promi sing combi nations.
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This task also includes an evaluation of the effects of using low-cost
technical-grade salts on corrosion of the containment and TCEmaterials,
and stability of the salts themselves.

The second task includes the measurement of properties such as thermal
conductivity, heat capacity, heat of fusion, volumetric chan_es during
phase transitions and melt temperature. Much of this'dai_a for'salts in
the 1300 to 1600OF temperature range is either unavailable or the data
that is available is inconsistent. The third task includes the technical,
schedular, and financial reporting.

UNIVERSITYOF DELAWARE
(NSG 3184)

The University of Delaware has a grant "Heat Storage in Alloy
Transformations" NSG3184 to determine the feasibility of using metal
alloys as thermal energy storage media. The metal alloys have the
advantage of having a relatively high thermal conductivity in the solid
state compared to other materials being considered as TES media. The high
thermal conductivity results in less resistance to heat transfer to and
from the storage media during charge and discharge portions of the energy
storage cycle.

The project has four major tasks: (I) the identification of congruently
transforming alloys and thermochemical property measurements, (2) the
development of a precise and convenient method for measuring volume change
during phase transformation and thermal expansion coefficients during
heating and cooling, (3) the determination of materials that can be used
to contain the metal alloys, and (4) analysis of thermal performance and
cost estimation for selected concepts.

The elements selected as candidate media were limited to aluminum, copper,
magnesium, silicon, zinc, calcium and phosphorus on the basis of low cost
and high latent heat of transformation. Several new eutectic alloys and
ternary intermetallic phases have been determined. A new method employing
x-ray absorption techniques was developed to determine the coefficients of
thermal expansion of both the solid and liquid phases and the volume
change during phase transformation from data that are obtained during one
continuous experimental test. Candidate materials are being evaluated to
determine suitable materials for containment of the metal alloys.
Graphite has been used to contain the alloys during the volume change
measurements. Silicon carbide has been identified as a promising
containment material and surface-coated iron alloys are being considered.
Finally, an effort was recently initiated to analytically predict the
thermal performance and estimated cost of two concepts. Several concepts
are presently being reviewed to determine the most appropriate concepts
for analysis.
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ENGINEERINGEVALUATIONOF TES MODULES

LEWIS RESEARCHCENTER

NASA-LeRCobtained two prototype TES modules to experimentally assess the
present state-of-the-art of selected concepts. The modules were operated
to determine factors such as heat transfer rates to and from storage, heat
loss, and long-term operational characteristics. The first module
utilizes the latent heat of fusion of sodium-hydroxide to store off-peak
generated energy which is then used to provide hot water for domestic
use. The unit was built by the Comstock and Wescott Companyof Cambridge,
Massachusetts and uses primarily sodium-hydroxide with additives to
inhibit corrosion of the mild steel containment vessel. This module has
been operated to characterize performance and long term tests were
initiated.

The second module utilizes the solid-solid phase transition of
sodium-sulfate to store energy in a dual-media concept. The relatively
inexpensive sodium-sulfate is used to reduce the amount of relatively
expensive heat transfer fluid required in the storage module. The module
was obtained from the Calmac Manufacturing Corporation of Englewood, New
Jersey. The unit has been operated to determine the performance
characteristics of one sodium-sulfate pebble configuration. A second
pebble configuration will be evaluated to determine the effect of pebble
size on characteristics such as heat transfer rates and pressure drop.

Figurei0. - Therm-bankelectricwaterheater.
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ACCOMPLISHMENTS

NEWCONCEPTS

o Completed MRI assessment of fluidized beds for thermal energy
storage subsystems. Fluidized beds were found to be marginally
competitive for near-term, baseline, industrial applications.

ADVANCEDMEDIA

o Initiated high temperature (1300 to 1600OF) carbonate media
study with IGT. Selected media/containment material/thermal
conductivity enhancement material test matrix. Initiated I000
hour compatibility tests.

o The University of Delaware completed identification of candidate
metal alloys and refined the equipment used to measure volume
change of the alloy media. An analytical effort was initiated to
predict thermal performance and cost of two concepts which are to
be determined.

ENGINEERINGEVALUATIONS

o Conducted tests to determine performance characteristics of the
Thermbank module (sodium-hydroxide primarily). Initiated life
tests of the module. Returned module to Comstock and Wescott for
modification when heaters failed early in life testing.

o Performed tests on Calmac dual-media module that utilizes pellets
of sodium-sulfate and Therminol 66 as the heat transfer fluid to
determine performance of module with almond shaped pellets.
Initiated tests using second configuration of sodium-sulfate
pellets (broken chips I/2 inch in diameter).

ISSUES

o None
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3.0 INDUSTRIALSTORAGEAPPLICATIONS

BACKGROUND

Significant conservation benefits and the substitution of domestic
non-critical fuels for critical fuels (oil and natural gas) are possible
through the use of thermal energy storage (TES) of industrial process and
reject heai_for subsequent use. The use of TES can either provide
conservation through reject energy recovery and reuse or permit a shift in
fuel from oil or natural gas to other non-critical fuels. One of the
goals of the Department of Ener_'s (DOE) Division of Energy Storage
Systems is to provide the storage technology capability to provide at
least 10% of the industrial process heat or energy requirements of the
U.S. industry by the year 2000. The purpose of Industrial Storage
Applications is to develop TES systems capable of contributing to the
achievement of DOE's goal for the year 2000.

In order to achieve this long range goal it is clear that in the mid-term
time frame (CY 85-90) demonstration of conservation of significant amounts
of critical fuels is required. The groundwork to do this was started with
an Energy Research and Development Administration (ERDA) funded study to
determine the economic and technical feasibility of TES in conjunction
with waste heat recovery. This study was directed toward identifying
industrial processes characterized by fluctuating energy avail ability
and/or demand, a key criterion for TES applicability.

At least twenty (20) industries were identified as areas where thermal
energy storage had some potential for application. After the conclusion
of this general feasibility study program, ERDAissued a Program Research
and Development Announcement (PRDA). This PRDArequested proposals for
individual studies of specific industries which were to be selected by
each proposer. The overall objective was to identify applications of TES
in specific industries through these system studies, and in subsequent
work develop and validate potential systems, demonstrate feasibility on a
large scale, and then transfer the technology to the total industry to
obtain widespread implementation.

As a result of this PRDA(and after the then recent metamorphosis from
ERDAto DOE) DOE's Division of Energy Storage Systems awarded five
contracts to study five industries with potential significant energy
savings through the use of TES systems. These industries were paper and
pulp, food processing, steel and iron, cement, and primary aluminum. The
aluminum study produced results that were applicable to district heating
systems. Follow-on work being conducted for district heating applications
is not part of this element.

The results of these other four studies indicated that within those
industries thermal energy storage of process and reject heat for
subsequent in-plant use appears to be economically and technically
feasible with significant near-term conservation benefits. Potential
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annual fuel savings with large scale implementation of near-term TES
systems for these industries is over 9 x lO%bl of oil. This savings is
due to recuperation and storage in the food processing industry, direct
fuel substitution in the paper and pulp industry, and reduction in
electric utility peak fuel use through in-plant production of electricity
from utilization of reject heat in the steel and cement industries.

APPROACH

Figure II summarizes in a schedular form the major activities under the
Industrial Storage Applications element. Line 1 shows the continuing
System Studies and Supporting Technology activity. This activity includes
the PRDASystem Studies, Heat Transport Applications, Solar Industrial
Applications and New or Advanced Applications. The PRDASystem Studies
produced significant results that were transferred to the activities of
Lines 2, 3 and 4. Significant future results from this Line 1 activity
will be tHansferred to the last line as appropriate.

ACTIVITIES 80 i 81 82 83 8q i 85
-- I

SYSTEMSTUDIES& SUPPORTINGTECHNOLOGY I

I
TECHNOLOGYTRANSFERTOPAPER& PULPINDUSTRY U i_7

_7

TECHNOLOGYDEMONSTRATIONFORFOODPROCESSING i _II
INDUSTRY

DEVELOPMENT&TECHNOLOGYDEMONSTRATIONFOR I Y I
SEIFCTEDNEAR-TE_IN-PLANTAPPLICATIONS

DEVELOPMENT& TECHNOLOGYDEMONSTRATIONFOR

ADVANCEDAPPLICATIONS J

TRANSFERTECHNOLOGYTOINDUSTRY

I TRANSFERRESULTS

Figure 11. - Industrial thermal storageflow chart.
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The technology identified falls into three categories: II) Existing
operational TES system applications for which detailed information has not
been made public; (2) promising system applications that involve current
technology, require no development, and are ready for immediate technology
demonstration to stimulate commercial introduction; and (3) promising
system applications that require development prior to a large scale
industrial technology demonstration.

TECHNOLOGYTRANSFER

The paper and pulp application (category I) is depicted in Figurel2. For
mills with hog fuel (wood waste) boilers with excess steam generation
capacity, TES would allow the substitution of more hog fuel for oil or
natural gas. Typically, the base loaded hog fuel boilers with slow
response times are augmented by oil or gas boilers to meet rapid steam
demands. TES through the use of a steam accumulator, as shown in Figure
3, can provide a load smoothing capability that would directly reduce the
use of oil or natural gas.

ENERGYSTORAGECANREDUCEFOSSILFUELCONSUMPTION
FORLOADFOLLOWINGBYONE-HALF

RECOVERYI"<'''m .__. 550000Ib/hr -'=_:3_,,.._,

BOILERSI'_: _ 375000TO
,_, 495000Ib/hr-7

STORAGE //

HOG FUEL
BOILERS

x---435000Ib/hr A

"_" (+60000Ib/hr)
FOSSIL
BOILERSI, _ 50000TO>100000Ib/hr

I I_ 65000Ib/hrAVG
(-60000Ib/hr) cs-78-3615

Figure 12. - Energysupplycharacteristics with thermal energy storage.
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Figure13. - VariablepressureaccumulatorTESconcept.

HOWARDEDDE
(DEN3-190)

Mills, both in the U.S. and the Scandinavian countries, have been
identified with such TES systems in place. However, information on these
systems has not been made publicly available. A contract was awarded for
a program to obtain, analyze and disseminate this information to the U.S.
paper and pulp industry. The contract was awarded to Howard Edde, Inc. of
Bellevue, Washington. The contract consists of three major tasks: (I)
Industry Survey, (2)Benefits Analysis, (3) Information Dissemination.

During Task I, the contractor will conduct an extensive survey of both
U.S. and Scandanavian pulp and paper mills. He will determine which of
the surveyed mills use thermal energy storage. He will then reduce the
sample obtained from the extensive survey to a group of mills which in his
judgement will be representative of the industry. This representative
sample of mills will be surveyed in greater detail to determine the
detailed energy flow patterns, both thermal and electrical, related to the
mill production processes. If possible, in the case of mills retro-fitted
with TES, comparisons of energy usage will be made for the mill processes,
both before and after the installation of a TES system.

In Task 2, Benefits Analysis, the data from the representative mills of
Task I will be thoroughly analyzed. The broad areas of analysis will
include: (a) energy conservation assessment, (b) economic benefits
analysis, and (c) environmental impact assessment.

In the final task, the contractor will publicize the benefits of TES
obtained in Task 2 to managers and technical personnel in the U.S. pulp
and paper industry. This will be done by a number of methods.
Presentations will be given at both management and technical meetings of
the pulp and paper industry. Brochures to prompt early installation of
TES in the industry will be produced and distributed to plant managers and
other decision-makers. Technical reports with in-depth data will be
provided to engineering personnel. In addition, a display will be
designed and fabricated and shown at key pulp and paper industry meetings.
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TECHNOLOGYDEMONSTRATION

H. J. HEINZ

The food processing application (categorj(2) is shown in Figurei4. Under
DOEsponsorship, the Westinghouse Corporation, with the cooperation of the
H. J. Heinz Company, performed an assessment study to investigate the
application of Thermal Energy Storage/Waste Heat Recovery (TES/WHR) in the
food processing industry. The food processing industry was selected as a
candidate industry because it ranked sixth amongthe nation's industrial
users in terms of total energy consumption. Within this industry, the
canning segments account for a significant portion of the industry total.
The demandfor energy by the canning industry is induced by a variety of
food processes and process-related operations, such as, cooking,
sterilization, and clean-up operations. Oil and natural gas currently
supply about 90% of the canning incrustry's energy needs. The
Westinghouse/Heinz study effort identified waste heat sources and
applications in typical canning facilities and evaluated TES/WHRsystems
that would couple the waste heat sources and applications.
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Figure14.- Thermalenergystorage/ wasteheatrecoverysystemina foodprocessingplant.
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A candidate TES/WHRsystem application which was typical for the canning
industry was identified and evaluated. From the favorable technical and
economic results obtained and the potential of early commercialization
which would lead to conservation benefits, a technology demonstration was
proposed. This system would recover and store waste heat from
pasteurizers, sterilizers and can and bottle washers which are used in the
baby food and canned soup processing operations in the Meat Products
Building at the Heinz Pittsburg Factory. These waste water streams are
currently sent directly to the factory drain system as they emerge from
the processes. The proposed system would recover heat energy via heat
exchangers (to prevent product contamination)to heat incoming fresh
water. The heated fresh water would be used immediately for process
operations with the excess being stored in the TES module for clean-up
operations. The clean-up water requires significant energy input. Heinz
estimates that the factory requires 200,000 gallons of heated
(150-185OF) water per day which is equivalent to 3-4% of the plant's
total energy consumption. Major clean-up is normally performed during the
third shift when processing operations are suspended. The use of TES is
necessary to match the clean-up requirements with the waste heat supply.

This particular system can be retrofitted in the Heinz factory at a
reasonable cost, is of an appropriate size to serve as an effective
demonstration of the technology, and is representative of typical
applications within the industry. It is estimated that the system will
recover 3 x I0 I0 BTU/YR (5000 bbl oil/yr equivalent) and provide an ROI
in the range of 35-40%.

The proposed technology program at Heinz Pittsburgh is composed of the
foll owing tasks:

I. System Definition Review and Demonstration Plan Preparation:

Review and update the system study performed under DOEcontract
EC77-C-01-5002. Develop analytical models and perform analyses
required to define an optimum system. Prepare a detailed plan for
the TES/WHRtechnology demonstration which shall define
objectives, expected benefits and schedular milestones and provide
specifications, instrument requirements, and procedures for all
facets of the installation, performance demonstration and
eval uati on.

2. Technology Demonstration System Design:

Prepare a detailed engineering design of the TES/WHRtechnology
demonstration system in accordance with the demonstration plan.

3. System Fabrication, Installation and Checkout:

Procure components and fabricate, install, instrument, and perform
functional checkout of the system,
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4. Performance Demonstration and Evaluation:

Proceed with the performance demonstration of the system in
accordance with the approved demonstratio_ plan. Perform system
analyses and evaluations throughout the demonstration period and
determine fossil fuel and net energy cost savings.

5. Technology Transfer:

Perform a benefit analyses of the system as applied to the food
industry and disseminate the information to the industry. Prepare
a commercialization plan which provides for the implementation of
the TES/WHRsystems in the food processing industry at an early
date to achieve early and widespread energy savings.

DEVELOPMENTANDDEMONSTRATION

The steel and iron application (category 3) is summarized in Figurel5.
Hot gas in the primary fume evacuation system of electric arc steel
remelting furnaces is the reject heat energy source. The fume stream
would charge a solid sensible heat storage packed bed. Discharge of the
TES system through a heat exchanger would generate steam to drive a
turbogenerator. TES is used to permit electric power to be generated
during peak demand times instead of continuously. The economic benefits
to be derived from the use of TES for peak power generation is a direct
function of either a demand charge, time of day pricing, or a combination
of both.
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Figure 15. - Steelarc furnace energyrecovery& storagesystem.
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Although the TES concept of this study yielded favorable predictions of
critical fuel displacement and investment returns, the approach is not
ready to be applied directly to a full scale demonstration without an
interim concept development period. Therefore, any further work will have
to be as a result of competition with other applications in a similar
state of readiness.

The cement application (category 3) is shown in Figurest6 andl7. Hot gas
from a long, dry-process cement kiln would be used in a waste heat boiler
to produce steam for driving a turbogenerator to produce electricity for
in-process use. Approximately 80-90% of the kiln exit gas would go
directly through the waste heat boiler with the rest being used to charge
a solid sensible heat storage packed bed. When the kiln is down for
maintenance the packed bed would be discharged through the waste heat
boiler thereby eliminating a power demandcharge which could be
significant.
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Figure16.- Cementplantenergyrecovery& storagesystem.
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Figure17.- Cementplantenergyrecovery& storagesystem.

The results of the cement study are similar t_ those of the steel study.
Favorable predictions of critical fuel savings and investment returns
resulted, but an interim concept development period would be required.

A procurement activity is in progress for the development and technology
demonstration of thermal energy storage systems for industrial process and
reject heat applications. This will be a competitive procurement with
multiple awards planned. Because of the contracts involving TES in the
paper and pulp and food processing industries, these industries are being
excluded from this procurement. The emphasis of this procurement is to
more fully evaluate U.S. industry for other applications of in-plant use
of stored thermal energy using cost-effective near-term technology.
In-plant use is being specified to preclude proposals for district heating
applications which are being adequately covered by the follow-on effort to
the aluminum study.

The objective of this procurement is to develop, if needed, and
demonstrate TES systems that offer the potential of saving significant
quantities of energy or critical fuels in the near-term on a
cost-effective basis. Specific goals are to: contribute to the DOEgoal
of providing I0% of the U.S. industry's process heat or energy
requirements by the year 2000 through thermal energy storage; be
cost-effective by providing a return-on-investment that will significantly
attract broad scale implementation; be acceptable by the industry as being
operationally safe and reliable; and be environmentally acceptable.
Cost-sharing will be an important factor in contract awards for this
procurement.
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This effort will be conducted in two phases, a Design, Anlaysis and
Development Phase, and a Technology Demonstration Phase.

The goal of Phase 1 is to provide information that is extensive and
reliable enough to permit the proper determination to be made for
proceeding with the Technology Demonstration of Phase 2.

;t

Phase 1 will cover the conceptual design and analysis of the thermal
energy storage system and a benefit analysis for the specific industry
selected. If component and subsystem development is required for the TES
system proposed, it will be performed. Concluding this phase will be the
preparation of a Technology Development Plan, a Preliminary System Design
and a major review.

At this review the Government and the Industrial Participant will review
all technical, economic, and environmental aspects of the system design
approach. After agreement is reached that contract continuation is
justified, Phase 2 will be initiated.

The goals of Phase 2 are to: establish the basis for the technical and
economic feasibility of the concept on a plant size scale; confirm system
reliability and verify performance characteristics for potential users;
provide experience for the integrated operation of the system in a real
life plant setting; insure availability of required technology; and
accelerate acceptance by private industry.

Phase 2 will consist of the large-scale Technology Demonstration of the
TES system in an in-plant application. This will include the detail final
design, fabrication, installation, checkout, operation and evaluation of
the TES system. Phase 2 will conclude with a major effort to transfer
technology to the remainder of the industry with the expectation that
commercialization and rapid implementation of TES systems within the
industry will follow.

ACCOMPLISHMENTS

o Awarded Contract DEN3-190; "Collection and Dissemination of
Thermal Energy Storage System Information for the Paper and Pulp
Industry", Howard Edde, Inc.

o Released RFP 3-152012Q, "Thermal Energy Storage Technology
Demonstration for Food Processing Industry".

o Released RFP 3-161609Q, "Development and Technology Demonstration
of Thermal Energy Storage Systems for Industrial Process and
Reject Heat Applications".
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ISSUES

o Ownership of Technology Demonstration Equipment - The government
cannot pay for non-severable equipment. Therefore, a distinction
must be made for severable and non-severable components of any
technology demonstration system.

o Disposition of Severable Equipment - The government cannot give
title of government purchased severable equipment to the
Industrial Participant "up-front". Therefore, the Industrial
Participant may be hesitant about providing a technology
demonstration site.

o Cost Sharing - If the Industrial Participant's cost share covers
the cost of the technology demonstration system, there is no
ownership problem. However, the equipment cost will probably
exceed the anticipated cost share. Also, cost sharing will
probably be offered in many different ways, e.g., labor costs,
energy costs, recoupment based on actual energy savings, etc.
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4.0 SOLARTHERMALPOWERSTORAGEAPPLICATIONS

BACKGROUND

Major considerations impacting the development of solar thermal power
systems for commercial applications are the need to provide continuous
operation during periods of variable insolation, to extend operating
periods into nonsolar hours, to buffer potentially harmful transients
induced by abrupt insolation changes, and to assure the availability of
productive capacity in emergency periods. Two options exist for meeting
these requirements: conventional backup systems, (including utility
grids, fossil-fueled systems, batteries, pumped hydro, etc.) and thermal
energy storage. Backup systems provide a viable near-term solution;
however, as conventional fuel supply becomes critical due to cost or
availability, thermal storage will assume an increasingly important role.

To facilitiate the accelerated development of thermal energy storage
technologies matched to solar thermal system requirements and scheduled
milestones, the DOEDivisions of Central Solar Technology and Energy
Storage Systems requested the preparation of a comprehensive program plan
for implementation in FY 1980-1985. Inputs to the plan were provided by a
task force consisting of representatives of Sandia Laboratories Livermore
(SLL), Sandia Laboratories Albuquerque (SLA), NASALewis Research Center
(LeRC), Jet Propulsion Laboratory (JPL), Aerospace Corporation, the Solar
Energy Research Institute (SERI) and PRCEnergy Analysis Company. Lead
management for drafting the program plan was assigned to LeRC.

In April, 1979, LBRC, SLL, and SERI reached a tentative agreement
(subsequently approved by DOE) whereby SLL would implement major
developments within the program associated with focused solar thermal
applications. SERI's prime responsibility would be applied research of
thermal storage technologies which provide a base for technology
development in high risk areas. LeRC agreed to provide overall technical
and resource program management, including the necessary coordination with
other aspects of the DOEthermal storage program, planning and preparation
associated with program reviews, workshops, multi-year plans and annual
operating plans for both the SLL and SERI activities. In addition, LeRC
would continue laboratory-scale development of selected storage
technologies which appeared to be potential candidates for large scale
development within the SLL program. It is progress made in these program
planning and management activities, and related concept developments, that
is the subject of this section of the report.

APPROACH

The activities within this project element can be categorized as follows:
(I) Program Management and (2) TES Concepts Development.

Program Management: A program was established within the term of this
report to develop thermal energy storage technologies for a wide range of
both large and small solar thermal power system applications. (An
illustration of thermal storage integrated into a large solar thermal
electric power system is presented in Figure 18.)
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LARGE POWER APPLICATIONS

Figure18.- Solarthermalpowersystems.

The objectives of the program are to:

I. Develop 2nd generation storage subsystems offering substantial
cost/perform ance improvements.

2. Establish a techn_logy base for 3rd generation storage concepts.

3. Provide engineering support for Ist generation storage
technologies.

SLL was designated by DOEas lead laboratory for solar thermal
applications. As such, LeRC provided technical and financial direction to
SLL targeted at meeting the first and third program objectives.
Priorities were established which reflect both the current direction of
the Thermal Power Systems (TPS) Branch, CST, and the projected FY 80
funding constraints. This resulted in an initial emphasis on
repowering/industrial retrofit, total energy, and small community system
applications. Cost and performance goals were established for each major
development aimed at large electric power systems. Procurement packages
and proposed in-house activities were reviewed for consistency in meeting
program objectives. Periodic reporting procedures were established, and
draft annual operating plans reviewed prior to their submittal to DOEfor
approval. A number of program overviews were made at both "customer"
division program reviews and technical society conferences, describing the
evolution of the program and the FY 80 implementation thereof.
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DOEdelegated responsibility for meeting the second program objective to
SERI. In the capacity of program manager, LeRC assisted SERI in
establishing a project team to perform systems analyses and technology
assessments, to conduct research and small-scale development of advanced
storage and transport concepts, and to coordinate storage activities with
lower temperature solar thermal application sectors such as agriculture
and process heat and solar heating and cooling. Reporting procedures and
operating plans were established, and SERI was funded to conduct an annual
workshop, attended by cognizant managers of both TPS and STOR, to critique
the overall program plan and FY 80 implementation structure, and to
provide direction and emphasis for FY 81 activities.

TES Concepts Development: A major problem associated with utilization of
the heat of fusion of molten salts is accumulation of salt deposits on
discharge tube surfaces. This accumulation imposes a large heat exchanger
surface area requirement, which can be the major cost item of the system.

To minimize a potentially large capital investment in required heat
exchangers, Honeywell, Inc. and the GrummanAerospace Corporation are
developing laboratory-scale concepts to enhance energy removal from a TES
module by actively inhibiting or removing the formation of salt
depositions on discharge tube surfaces, (contract nos. DEN3-38 and
DEN3-39, respectively).

HONEYWELL
IDEN 3-38)

Honejavell has completed tests of two active heat exchange experiments and
has submitted a draft of the final report for review. The concepts,
called a Coated Tube Flowby experiment and a Direct Contact Reflux Boiler
experiment, were identified in the conceptual design phase of the study as
having significant cost and performance improvement potential relative to
a tube-intensive latent heat storage system. The Coated Tube Flowby
experiment is based on coating discharge tube surfaces with various
anti-stick materials such as nickel, chrome, Teflon or Ryton. The Direct
Contact Reflux Boiler experiment is an extension of a current commercial
process, used in the manufacture of sodium nitrate, whereby water is
injected directly into the salt melt, vaporized as the salt freezes, and
then condensed on discharge tube surfaces. A variation of the
experimental Reflux Boiler module, with continuous salt flow and hydraulic
heat recovery, is presented schematically in Figure 19.

The results of both concepts were disappointing. Although qualitative
'dip' tests seemed to indicate that several coatings might alleviate the
problem of salt freezing on discharge tube surfaces, tests using an
electroless nickel coating in the Coated Tube Flowby experiment confirmed
that salt adhesion still had a deleterious effect on heat transfer - to an
extent which did not warrant further consideration. Other coatings such
as chrome or Teflon were not tested in the Coated Tube Flowby experiment
because of schedular and financial constraints.
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The Reflux Boiler experienced severe salt degradation. The storage
medium, (99-percent NaNO3, l-percent NaOHby weight) when in contact
with water, underwent hydrolysis forming sodium hydroxide and nitric
acid. This was compounded by an irreversible chemical reaction of nitric
acid with the container walls, forming iron oxides in aqueous solution.
As a result, only half the design steam pressure could be achieved in the
Reflux Boiler.
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Figure19.- Continuoussaltflowrefluxboilerwith hydraulicheadrecovery.

GRUMMANAEROSPACE
(DEN 3-39)

Grummanis currently in the process of testing the first of two
laboratory-scale active heat exchange test modules, called the Direct
Contact Heat Exchanger. This module is designed to interface with an
intermediate heat transport loop which uses a liquid metal eutectic as the
fluid. Separate streams of salt and liquid metal are mixed together in a
heat exchange column, where, upon discharge, both latent and sensible heat
are transferred to the cooler liquid metal by a countercurrent flow of
molten salt droplets injected at the bottom of the column, As the salt
solidifies, it rises to the top of the column, where it is directed over
the edge to the bottom of a surrounding tank. A schematic of Grumman's
Direct Contact Heat Exchanger, and a photograph of the experimental
installation are presented as Figures 20 and 21, respectively.
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The second Grummantest module, called a Rotating Drum Scraper, has been
fabricated. By design, this unit will mate with the existing hardware of
the Direct Contact Heat Exchanger experiment, replacing only the central
heat exchange column. It_uses the same salt storage medium and liquid
metal heat transfer fluid. During the discharge cycle, molten salt flows
through Slit nozzles onto the circumference of a rotating drum. At the
same time, liquid metal flows through an annular passage within the drum,
cooling the outer surface and freezing the molten salt. The solidified
layer of salt is then scraped off with a fixed scraper blade after the
drum has made a particial (270 degree) rotation, falling into a storage
bin where it remains until the next charging cycle.

COMSTOCKANDWESCOTT
(DEN 3-138) _

First generation phase change storage systems are typified by using
passive (no moving parts), tube intensive heat exchangers. The present
contract with Comstock and Wescott is a continuation of a prior program
which included the design, construction, and testing of anexperimental
one-tenth scale-model of a phase change thermal energy storage (TES)
system suitable for use in electricity generating systems such as the
Sandia Solar Total Energy Test Facility (SSTETF) at Albuquerque, New
Mexico. This was used to generate data with which to verifjl a previously
developed computer model of the TES unit. The TES unit employs a single
passive internal heat exchanger which is used both for charging and
discharging heat by means of a non-phase change heat transfer fluid such
as Therminol-66. The TES unit and test bed are described in ref. I.

The nominal composition of the TES medium (Thermkeep) is:

Anhydrous NaOH, commercial grade 91.8% (wt)
NaNO3 8.0
MnO2 0.2

The commercial grade of NaOHtypically contains I-2% of NaCI and I-2% of
Na2CO3.

The present progaram_which is nearing completion includes the following
tasks:

I. The experimental module developed under the prior contract was
examined to determine whether or not deterioration has occurred
during the testing, such as mechanical damage to the heat

exchanger, or chemical changes in the TES medium. 'Figure (_J
shows the heat exchanger in the tank, exposed for examination. No
significant changes were observed and it was concluded that no
repair was required before proceeding with Task 2.
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Figure 22. - Passiveheat exchanger.

2. The TES systemwas restoredto operatingconditions,_installation
of a differentheat transferfluid approvedby the NASA Program
Manager, and the running of a series of thermalchargingand
dischargingcycles to obtain additionalexperimentaldata for
correlationwith the computermodel for furthervalidation. From
among the candidateheat transferfluids,NASA approvedCaloria
HT-43, a productof Exxon Corporation. Tests includedcharging
and dischargingat constantrates,consecutivecycles at constant
charge and dischargerates, and cycles simulatinga solar daily
cycle. This actualperformancecomparedfavorablywith
performancepredictedby the conlputermodel.

3. The computermodel was extendedto includea second heat exchanger
in the TES unit, so that the unit can be chargedby means of a
non-phasechangefluid (e.g.,from solar collectors)flowing in
one heat exchanger,and dischargingby a phase changefluid
flowing in the other (e.g.,the power fluid of a Rankinecycle
engine). See Figures (23), and (24) for comparison.
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One potentialadvantageof the advancedconfigurationis the
eliminationof the externalheat exchanger. A second and more
importantadvantageis the potentialimprovementin performanceof
the TES unit resultingfrom the fact that duringthe discharging
the temperatureof the Rankine cycle fluid enteringthe bottom of
the TES is much lower than that of the heat transferfluid in the
case of the singleheat exchanger. A parametricanalysisto be
completedby May, 1980 will hopefullyconfirmthese expectations,

4. Upon completionof the computermodel a referencedesign of a
lowest cost TES systemwill be developedsuitablefor use in solar
electricpower generation.
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NAVALRESEARCHLABORATORY

Novel, alternative heat exchanger approaches are also being developed and
soon to be demonstrated by the Naval Research Laboratory (NRL). The
objective of the NRL effort is to construct, operate, and test a I0 foot
diameter, 2 MWhdemonstration energy storage tank using about 33 tons of
eutectic salt. The site preparation and design of the facility are
complete. The tank is scheduled for completion in the summer of 1980 with
storage tests to be completed by the summerof 1981.

The basic energy storage boiler tank is shown in Figure 25. It consists
of a large pressure-tight tank in which containers of salt eutectic are
mounted on racks, largely filling the tank.

WATER

MgCI2 , NoC|,
KCl EUTECTIC

INSULATION

m-TERPHENYL

SOe + 02

Figure25. - Energystorage-boilertank.

These containers provide a large aggregate area for heat transfer intothe
salts, which have low thermal conductivity. They also prevent the large
volume change in the salt which occurs on freezing to result in large
cumulative motion, such as would occur if the salt were stored in bulk.

The bottom of the tank contains the energy input region. As applied to a
gas dissociation solar thermal power plant, energy input is effected by
the chemical recombination of a work fluid, which results in production of
heat. As adapted to a power tower, energy input would likely be provided
by circulation of tower heated Na through the "heat release" tubes. In
both cases heat energy is delivered to a pool of "heat pipe" fluid in the
bottom of the tank, raising its temperature and boiling the fluid. The
result is an increase in the pressure of heat pipe fluid vapor within the
tank. Condensation of this vapor on the surface of the salt containers
then delivers heat to the salt containers, melting the salt. Energy can
be stored at nearly constant temperature until all the salt is melted.
Further energy input results in a relatively rapid increase in tank
temperature and pressure. When all the salt is melted, the full storage
capacity of the tank has been utilized.
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The remainingparts of the energy-storageboiler tank relate to energy
withdrawal. First there are the boiler-superheaterpipes,which are near
the top of the tank. Heat is delivered to these pipes by condensationof
heat pipe fluid,with energy transportlimitedlargelyby conductivity
throughthe thin film of condensatewhich continuouslyforms and pours off
the pipes. With this type of boiler,steam is producedin direct response
to feed-waterflow over a large range in demand.

Under no-sunlightconditions,operationof the boiler convertsheat pipe
fluid vapor into liquid,loweringthe pressureof vapor within the tank.
Replacementof this vapor is effectedby evaporationof heat pipe liquid
from the surfacesof the salt cans. •To permit this processto continue
until all the salts in the cans are frozen, it is necessaryto keep the
salt cansmoist with liquid. A liquidcirculationsystem is, therefore,
providedto continuouslypump liquid heat pipe fluid from the pool at the
bottom of the tank and to spray the liquidover the salt containers. The
surfaces of the containersare wetted by the heat pipe fluid facilitating
full film coverageof the cans.

ACCOMPLISHMENTS

o Preliminarydraft of multiyearprogramplan, (MYPP),for solar
thermal applicationsreleasedto privatesector for information
and comment- 4/79

o Cost and performancegoals for large solar thermalelectricpower
systemsestablished- 4/79

o Submittalof SLL and SERI FY 80 annual operatingplans to DOE for
approval- 8/79

o CompletedrevisedMYPP for DOE approval- 9/79

o Complete laboratoryexperimentsof Honeywellactiveheat exchange
concepts- 12/79

o Joint DOE/CST-STORapprovalof MYPP - 1/80

o Held solar/storageprogramreview - SERI action-2/80

o Recommendedfurther developmentof active heat exchangeconcepts
to DOE - 3/80

ISSUES

°

o None
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5.0 BUILDING HEATINGAND COOLINGAPPLICATION

BACKGROUND: ,.

In its role as acting lead center, LeRCworked closely with ORNL in its
lead laboratory capacity, to define a development and demonstration
program for building heating and cooling applications. The objective of
the program is to assess, develop and demonstrate improved and advanced
thermal storage subsystems for residential and commercial heating and
cooling applications. This activity provided for the technical and
resource management of the lead laboratory efforts and the integration and
coordination of this activity with other DOEstorage tanks.

APPROACH:

In early May, 1979, LeRC and ORNLjointly formulated the guidelines on the
direction of the project targets and goals. As previously noted, LeRC
monitored the progress and provided information to ORNLto reach these
targets and goals.

The overall program goal to be achieved by incorporating thermal energy
storage into building heating and cooling systems is defined in terms of a
single target: a reduction in oil and gas consumption for residential and
commercial building space conditioning without a significant reduction in
overall performance characteristics or comfort levels and without an
increase in overall operating costs. The overall program will be achieved
by establishing similar targets and achieving similar goals for each
application element.

Goals for each application element are defined in term of three sets of
specific targets: technology targets, economic targets, and market
penetration/conservation targets. Establishing such targets and setting
associated goals is a continuing process, wherein initial estimates are
revised and redefined with increasing precision as the program moves
toward implementation, In this first attempt at establishing targets and
goals from building heating and cooling storage, the emphasis will be on
target definition rather than goal setting. These targets will be used as
a guide for a coordinated effort this fiscal year to develop the initial
goals for each application element.

The following sections identify and define targets for each application
el ement.

UTILITY LOADMANAGEMENTTES APPLICATIONS

The overall target of thermal energy storage for utility load management
is the reduction in consumption of oil and gas by increased shifting from
peaking to baseload generation of electricity. This will be accomplished
by means of customer, owned after-the-meter thermal energy storage
sybsystems for both heating and cooling, charged during off-peak periods
and used subsequently on demand during on-peak periods. The incentive for
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installing such storage units will be a preferential rate structure
offered by the utility and resulting directly from cost savings generated
(simultaneously with the oil and gas savings) by the load management
system. Because of inherent differences in utility load generation mix,
customer composition, and other factors, implementation of customer-owner
TES rates will be utility'specific with regard to the type, magnitude, and
potential market penetration for the incentive rates offered. It should
be noted that as many as 30 utilities are presently offering some form of
incentive rates for TES residential customers, and most commercial rate
schedules already include demand charges which serve as incentives for
TES. However, there is already a wide divergence between utilities in
both the type and magnitude of the incentive rate structure offered.

Specific targets for utility load management TES for which goals will be
set include:

I. Technology targets (customer oriented)

o TES subsystems for various end-use applications

o performance and construction standards (ASHRAE,etc.)

o adaptability to different incentive rate structures and utility
control strategies

• _2. Economic targets

o front-end cost of storage vs customer payback

o utility economic incentives

3. Conservation targets

o national conservation

o utilityspecificmarket penetrationand conservationpotential

o rate of penetration

o institutional incentives and barriers

SOLARAPPLICATIONS

The overalltarget of TES appliedto solar buildingheatingand coolingis
oil and gas conservationby increasedutilizationof solar energy as a
replacementfor conventional(backup)fuels, includingoil and gas.
Thermal energy storageas a subsystemfor a solar heatingor cooling
system (eitherpassiveor active)permitsthe use of solar energywhen it
is not being collected. The thermal storagesubsystemthus increasesthe
fractionof the buildingheatingand coolingload capableof being met by
solar energy alone.
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The thermalstoragesubsystemis an integralpart of a solar heatingand
coolingsystem such that there is a feedbackbetweenthe cost and
performanceof the solarcollection and utilizationsubsystemsand the
cost and performanceof the storagesubsystems. Thus, the potential
conservationresultingfrom the utilizationof TES with solar energy
systemsmust be definedin terms of the entire system ratherthan the
storagesubsystem.

Specifictargetsfor solar energyTES are definedas follows:

I. Technologytargets

o end-use applicationsysi_ems(activeheat, active cool, passive)

o "dual fuel" applicationsystems

o performanceand constructionstandards

o adaptabilityto differentclimates

2. Economictargets

o systempayback(entire solar energy system, includingTES)

o system paybackwith or withoutTES

3. Conservationtargets

o fractionalreductionin backup fuel requirements(approachto
all solar)

o nationalmarket penetration/conservation

o regionalmarket penetration/conservation

DIRECT CONSERVATIONAPPLICATIONS

The primarygoal of TES indirect conservationapplicationsis
conservationby reductionof fuel usage (includinggas and oil) associated
with operationof conventionalsystemsfor buildingspace heatingand
cooling. Conservationapplicationsincludeboth use of TES incorporated
within the buildingenvelopeto increase its overallthermalmass and TES
to recover low-gradewaste heat from conventionalheatingsystemsfor
later space heatinguse within the same building.
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Conservation TES subsystems can be applied directly to individual
conventional heating and cooling systems. They do not depend for their
use on the development of new systems (i.e., solar) or external incentives
(i.e., incentive rate structures).

Specific targets for direct conservation TES include:

Io Technology targets

o end-use application systems (oil, gas, electric furnace, etc.)

o performance and construction standards

2. Economic targets

o subsystem paybacks

3. Conservation targets

o fractional reduction in fuel usage

o national market penetration

o market penetration by end-use application

ACCOMPLI SHMENTS:

o Reviewed FY 80 AOP by ORNL. Major thrusts are utility load
management, solar space conditioning, and conservation (increased
thermal mass) applications.

o Reviewed five-year plan for customer-owned thermal energy
storage. Major elements included in the plan were:

I. Storage in ice

2. Storage using phase-change material (low temperature)

3. Storage in ceramics (bricks) for high temperature

4. Storage in water (low temperature)

ISSUES

None'
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1.0 PROGRAMDEFINITION ANDASSESSMENT
i i

CONTRACTOR TITLE
Conceptual Design of Thermal Energy

General Electric Company Storage Systems for Near-Term
Energy Systems & Technology Division Electric Utility •Applications (1.2)
Building No. 2-411
1 River Road °

Schenectady, NY 12345 CONTRACTNO. DEN3-12 "

PRINCIPALINVESTIGATOR PERIODOFPERFORMANCE

• Eldon HaT1 12-5-77to 8-10-79

WORKLOCATION FISCALYEARFUNDING

Schenectady, NY 349,014

CONTRACTINGOFFICE CUMULATIVEFUNDING

NASA-Lewis T_esearehCenter 358,733
Cleve]and_ OH
k

BACKCROUHD Studiesof candidateutilityenergy storagesystems,which were
conductedby:the PublicServiceElectricand Gas Company,Newark,New Jers'eyunder
ERDA CnntractE(ll-l)-2501and EPRI Contract EM-264,'identifiedthermalenergy storage
as a ,contenderfor early commercializationbecauseof its technicaland economic.
features• ..

OIJJ_CTIVES The primary objectives of this study are to confirm the apparent
attractiveness of thermal energy storage and to select and conceptually design - •
the most promising systems for near-term utility applicat'ions.

APPROACH A comparativeevaluationof candidateTES systemswas conducted
leadingto the selectionof four systems. Conceptualsystem designsof these systems
in baselineplant desiqnswere performed, Technoeconomicevaluationsando'onerational
characteristi.cswere determined and a _benefitanalysis for each system,was.

conducted..Developmentrequirements vere identified and demonstrationprogram
recommendatians made.

OUTPUT The TES systemsdesignedand costed in this study do not appear to be
economicaliyattractivefor utilityapplication. A significantcost reductionin
the systemsand operatingcosts is necessary.tomatch the costs to that of gas turbines
or cyclingcoal plants. The limitedavailabilityof TES systems,caused by a specific
limit on hours of peakingcapacitydeliverableprovedto be a disadvantageto some of
the utilitiessimulated.
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2.0 RESEARCHAND TECHNOLOGY.DEVELOPMENT "

CONT[_ACTOR TITLE
Midwest Research Institute Assessment of TES Utilizing Fluidized
425 Volker Boulevard Beds (2.3)
Kansas City, MO 64110

• CONTRACTNO.
DEN 3-96

,

PRINCIPALINVESTIGATOR PERIODOFPERFORMANCE

Dr. K.P.'Amanth January 79 to February 80

WORKLOCATION FISCALYEAR FUNDING

Kansas City, MO 64110 $99,000

CONTRACTINGOFFICE :CUMULATIVEFUNDING
NASA-Lewis Research Center
Cleveland,OH i 0

BACKCROUND Enhanced heat transfer for characteristics and solid particle mobility
are two of many potential advantages.of a fluidized bed storage system. In addition,
the particle mobility eliminates the thermal stress limitation which is frequently
encounteredwith either cored brick or pebble bed heaters ....

O/MECTIVES To identify and analyze the operation, characteristics, and economics •
of potential thermal energy storage applications using fluidized bed heat exchangers.

.... o . ,

APPROACH Identify potential fluidized bed concepts for thermal energy storage
applications and perform a technoeconomic evaluation of selected heat exchanger/
storage applications. .

OUTPUT The assessment has been completed; however, the fluidized bed TES
applications (electric arc furnace, cement kiln) were found to be marginally competitive
for near-term baseline systems (Industrial Applications) based on present utility rate
structure incentives. It was recommended that fluidized bed TES be assessed in further
detail pertaining to Solar Thermal Power Applications.
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2.0 RESEARCHANDTECHNOLOGYDEVELOPMENT
i

CONTi|ACTOR TITLE
Heat Storage in Alloy Transformation (2.4)

University of Delaware
Newark, DE 19711

• CONTRACTNO.
NSG 3184

PRINCIPALINVESTIGATOR PERIODOFPERFORMANCE

" C.E. Birchenall July I, 1978 to August 31, 1980
i i i

WORKLOCATION FISCALYEARFUNDING _

Newark, DE $92,711

CONTRACTING OFFICE CUMULATIVE FUNDING

NASA-Lewis Research Center $I83,738
Cleveland,O11

BACKGROUND This activityis one elementof the Researchand TechnologyDevelopment
portionof the TES program. The primarypurposeof this activityis to identifyand
assessmaterialsthat have potentialfor use as media for advancedapplications.

OILTI'CTIVES Determinefeasibilityof using eutecticmetal alloysas thermalenergy •
storagemedia for high temperatureapplications(650octo 950oc).,., ..

APPROACH Surveyalloy data to identifycandidatealloys. Measurepropertiesof
candidatealloys includingspecificheat,latentheat, coefficientof expansionnear the
transformationtemperature,and the volumechangeduringtransformation.Conductmedia-
containmentmaterialcompatibilitystudies. Performstoragesystemana]ysisto compare
performanceand cost of systemsusing alloy and alternatemedia for selectedapplications.

l

OUTPUT Candidatealloyslimitedon the basisof cost to thosethat.containthe
followingelements: Al, Cu, Mg, Si, Zn, CA and P. Severalnew ternaryalloyshave been
identifiedin Cu-Si-Zn,Mg-Cu-Ca,and P-Cu-Znsystems. Specificheatand latentheat
propertymeasurementsessentiallycomplete.•A new methodemployingx-ray absorption
techniquehas been developedto measurevolumechangeduring phasetransformation.
Alloy media-containmentmaterialstudywas recentlyinitiatedto investiagethree types
of materials: graphite,siliconcarbide,and surface-coatedironalloys. Thermal
performanceand cost estimationstudies were initiated,



2.0 RESEARCHAND TECHNOLOGYDEVELOPMENT

CONTRACTOR TITLE

Institute of Gas Technology High Temperature, Molten Salt-Latent Heat,
3424 South State Street Thermal Energy Storage Development for Solar
Chicago, IL 60616 Applications (2.5)

CONTRACTNO.
DEN 3-I 56

PRINCIPALINVESTIGATOR PERIODOFPERFORMANCE

T. D. Claar August 6, 1979 to August 5, 1980

WORKLOCATION FISCALYEAR FUNDING

Chicago, IL $136,840

CONTRACTINGOFFICE CUMULATIVEFUNDING

NASA-Lewis heseareh Center $ 237,000
Cleveland, OH

BACKGROUND This project is one element within the Research and Technology
Development portion of the TES program. The primary purpose of this activity is to
identify and assess materials that have potential for use as storage media for advanced
applications.

OBJECTWES Determine the feasibility of using carbonate salts as storage media
for high temperature applications (700o to 870°C)

APPROACH o Review carbonate salt properties and select six salts as candidate
media.

o Conduct carbonate salt-containment material compatibility studies
that include 3000-hour screening tests.

o Investigate methods to enhance heat transfer through solid salt.

o Measure thermophysical and transport properties of two most promising
salts.

OUTPUT

Review of properties complete with the following six salts selected
for compatibility studies: three (3) pure carbonates, K2CO3, Li2CO3 and Na2C08;
two (2) eutectic mixtures, BaCO3/Na2CO3 and K2CO3/NaCO3, and one (I) off-eutectic
mixture of Na2CO3/K2C03.

Compatibility studies have been initiated and are due to be completed by mid-1980.

58



2.0 RESEARCHANDTECHNOLOGY.DEVELOPMENT ';
i

CONTRACTOR TITLE
Engineering Evaluation of Thermal

Lewis Research Center Energy Storage Modules (2.6)
Thermal Storage Project Office
21000 Brookpark Road
Cleve.land, OH 44135

CONTRACTNO. "
EC-77-A-31-1034

PRINCIPALINVESTIGATOR PERIODOFPERFORMANCE
. Richard Vernon FY 79 to June 1980

=. • , i =

WORK LOCATION FISCALYEAR FUNDING ,7
Cleveland,OH $25,000

CONTRACTINGOFFICE CUMULATIVEFUNDING
NASA-Lewis Research Center
Cleveland, OH

BACKGROUND This activity consists of subtasks performed in-house at LeRCwhich
directly complement other project activities and provide supporting technology for
new concepts and applications.

OBJECTWES Evaluate prototype thermal energy storage modules to assess present
state'of-the-art.

APPROACii Experimentallyevaluateperformanceincludingfactorssuchas:
energy transfer rates to and from storage, heat loss, and long-term operational
characteristics. .

OUTPUT Completedinitialevaluationof an electricallyheatedmodule that
employsthe solid-liquidphasechangeof NaOH and produceshot water. Electric
heatersfailedand are presentlybeingmodifiedfor long-termtesting.

Recentlyinitiatedevaluationtestsof a dual media storaqemodule
that employsthe solid-solidphasechangeof sodiumsulfateand.uses Therminol_6
as heat transferfluid.
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3.0 INDUSTRIALSTORAGEAPPLICATIONS

CONTRACTOR TITLE

Howard Edde, Inc. Collection and Dissemination of Thermal
1402 140th Place NE Energy Storage System Information for the
Rockwood Office Park Paper and Pulp Industry (3.4)
Bellevue, WA 98007

CONTRACTNO,

DEN 3- 1 90

PRINCIPALINVESTIGATOR PERIODOFPERFORMANCE

Dr. Howard Edde 15 Months Beginning February 5, 1980

IVORKLOCATION FISCALYEAR FUNDING ,:
Bel I evue, WA $II 3,816

CONTRACTINGOFFICE CUMULATIVEFUNDING

NASA-Lewis FtesearehCenter $113,81 6
Cleveland, OI!

BACKGROUND One of the industries showing the greatest potential for early implemen-
tation of TES systems was paper and pulp. The final report of the systems study of that
industry indicated that adaptation of TES in 30 mills" siniilarto the one studied in the
report would save 3 x 106 bbl of oil per year by 1980.

Surveys of the industry have indicated that at least one paper and pulp mill in the
U.S., and a number of mills in Europe and Scandinavia already employ TES in their mill
processes. Extensive implementation of TES in _he paper and pulp industry with attendant
fuel conservation benefits will not occur unless effective information dissemination to
the industry, is obtained. -

OBJECTIVES The. objectives are to determine existing .applications of TES in both the
U.S. and -international paper and pulp industries, to obtain andanalyze the operating
data from a representative number of these mills, and to transfer this information to.
the U.S. paper and pulp industry.

APPItOACII
The contract requires the contractor to conduct a knowledgeable survey of both U.S. and
international paper and pulp mills using thermal energy storage (TES) systems, as a part
of their production processes; to.obtain from these mills, suff'i:cient operating data to
conduct a ben'efits analysis encompassing; _ (a) energy conservation assessment, (b) economic
benefits anal.ysis, and (c,) environmental impact assessment; and propose an information
dissemination plan using brochures, displays, and presentations at paper and pulp industry
technical and mana'gement meetings that will effectively present the benefits of TES to the

(_[7_pl_per and pulp industry.

Since the contract was signed on February 5, 1980, the survey of the industry (.Task I) has
begun. All sub-contracts have been signed, with Snellman Engineering Company for the
Scandanavian Survey; with EMCInc. for brochure preparation; and with Aimex Corporation
for display design and fabrication.
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3.0 INDUSTRIALSTORAGEAPPLICATIONS
t

CONTRACTOR TITLE

H. J. Heinz Company
P. O. Box 57 Food Processing Demonstration (3.2)
Pittsburgh, PA 15230

• CONTRACTNO.
TBD

PP,INCIPALINVESTIGATOR PERIODOFPERFORMANCE

" J.R. Ing'hram TBD
i i i " i

WORKLOCATION FISCALYEARFUNDING ,_
Pittsburgh, PA

i

CONTRACTINGOFFICE CUMULATIVEFUNDING
NASA-Lewis T_esearehCenter
Cleveland, 011

BACKGROUND As a result of a DOEPRDA, Westinghouse, with Heinz as a subcontractor,
identified several potential uses of thermal storage. This activity provides for an
in-plant technology demonstration at the Heinz Pittsburgh facility. A hot water storage
subsystem, •which recovers thermal energy from hot water discharged after being used in .
the cooking process, will be designed, installed and operated.

OBJECTIVES To determine the economic viability and energy conservation potential of "
a thermal energy storage/waste heat recovery (TES/WHR)system in a food. processing.
application.

... , ..

APPROACII Design, fabricate and install a Thermal Energy Storage/Waste Heat
Recovery (TES/WHR)system in Heinz-USA, Pittsburgh facility.

Operate system to determine technical and operational features.

Determine economic benefits and energy conserva'tion potential of-system
andeffect technology transfer to the canning industry.

OUTPUT Negotiations have been delayed pending a resolution of ownership of
installed equipment. System operation was expected to begin in early 1981, but will
probably be delayed until late 1981. This activity will be coordinated with the
National Food Processors Association to facilitate information dissemination.
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3.0 INDUSTRIAL STORAGEAPPLICATIONS _

CONTIIACTOR TITLE

Developmentand TechnologyDemonstration
TBD of ThermalEnergyStorage(TES)Systems

for IndustrialProcessand RejectHeat
ADPlication@(3,3)

• CONTRACTNO.
TBD

PRINCIPALINVESTIGATOR PERIODOFPEnFORMANCE

TBD 5 years

YORKLOCATION FISCALYEARFUNDING

TBD 500K

CONTRACTINGOFFICE CUMULATIVEFUNDING
NASA-Lewis FtesearehCenter
Cleveland,OIl

BACKGROUND DOE fundedsystemstudieshave determinedthat attractiveopportunities
for thermalenergystorage in-plantapplicationsexistwithinthe major energyconsuming
industries. These systemapplicationshavea sufficientTyattractivereturnon investment
to encouragewidespreadimplementationonce the technologiesare developedand demonstrated.

OIJJECTWES The primaryobjectivesof this projectare to: contributeto the DOE goal o
of providingI0% of the U.S. industry'sprocessheator energyrequirementsby the year
2000 throughTES; be cost effectiveby providinga return,on investmeni_that will-attract.
broad scale implementation;,beacceptab!e by.theindustryas beingoperationallysafeand
reliable;and be environmentallyacceptable.

APPROACII A competitivetwo-phaseprocurementis in progress. Phase I will cover the
preliminarydesignand analysisof the TES sys.temand will also includecomponentand
subsys.temdevelopmentif required. Phase 2 will consistof a large-scaletechnology
demonstratioqof the TES systemin an in,plant.application.Multipleawardsare anticipated
with cost sharinga requirement. Technologytransferwill also be an importantpartof each
contract.

OUTPUT The effortwill resultin operationalTES systemsat IndustrialParticipant's
sites with the systemdesignand data availableto all of the industry.
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4.0 SOLARTHERMALPOWER STORAGEAPPLICATIONS _..

m= ill i , ,

CONTIIACTOR TITLE
ActiveHeat ExchangeSystemDevelopmentfor

Honeywell,Inc. LatentHeat ThermalEnergyStorage(4.2.1)
EnergyResourcesCenter
2600 RidgewayParkway
Minne_pdlis,MN 55413 CONTRACTNO. •

DEN 3-38

f_INCIPALINVESTIGATOR PERIODOFPERFORMANCE

Richard T. LeFrois May 22, 1978 - November21, 1979
li, , , , j

WORKLOCATION. FISCALYEARFUNDING ,_,
B

Minneapolis,MN $93,160

CONTRACTINGOFFICE CUMULATIVEFUNDING

NASA-Lewis F_esearchCenter $328,701
Cleveland,OH
l ii

BACKGROUND A major problemassociatedwith utilizationof the heatof fusionof
molten salts is accumulationof salt.depositson dischargetube surfaces.'This imposes
a large heat exchangersurfacearea requirement.To minimize.apotentiallylargecapital•
investment.inrequiredheat exchangers,conceptshave been_proposedwhich activelyinhibit
or removesaltdepositionsfromdischarge.tube.surfaces.

OBJECTIVES Developan activeheat exchangesystem,utilizinga phasechangethermal •
storagemedium,where operatingcharacteristicsare €ompatiblewith a 250o to 350oc
steam powercycle.

APPROACII o Identif.yand selectconceptsfor test
o Design,fabricate,assembleand test laboratory-scalemodules
o Evaluateresults
o Recommendfurtherdevel_opmentrequirements ' . .

OUTPUT Two active heat.exchangeconceptswere identified,designed,,fabricated
andltestedin laboratoryexperiments.The CoatedTube FlowbyExperimentis basedon
coatingdischargetube,surfaceswith anti-stickmaterialssuch as nickel,chrome,Teflon,
or Ryton, The DirectContactReflux Boileris basedon the injectionof high pressure,
high temperaturewater directlyinto the salt melt, vaporizingthe water as the salt
freezes_and thencondensingon dischargetube surfaces.

Tests usingan electrolessnickelcoatingin the Coated Tube FlowbyExperimentconfirmed
that saltadliesionstill had a deleteriouseffecton heat transfer- to an extentwhich
did not warrantfurtherconsideration.The RefluxBoilerexperiencedseveresalt hydrolysis,
compoundedby an irreversiblechemicalreactionof nitricacid with the containerwalls.
As a result,only halfthe design steampressure.couldbe achieved.

o
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4.0 SOLARTHERMALPOWERSTORAGEAPPLICATIONS

CONTRACTOR TITLE
GrummanAerospace Corporation Active Heat Exchange System Development
Bethpage, NY 11714 for Latent Heat Thermal Energy Storage

(4.2.2)

• CONTRACTNO.
DEN3-39

PRINCIPALINVESTIGATOR PERIODOFPERFORMANCE

Joseph Alario June 13, 1978 - April 12, 1980

WDRKLOCATION FISCALYEARFUNDING

Bethpage, NY $40,872

CDNTRACTINGOFFICE CUMULATIVEFUNDING

NASA-Lewis TtesearehCenter $264,502
Cleveland, 011

BACKGROUND A major problem associated" with utilization of the heat of fusion of
molten salts is accumulation of sa!.t deposits on discharge tube surfaces. This imposes
a large heat exchanger surface requirement. To minimize a potentially large capital
investment in required heat exchangers, concepts have been proposed which activelY
inhibit or remove salt depositions from discharge tube surface s .

OBJECTIVES Develop an active heat exchange system, utilizing a phase change thermal •
storage medium, where operating characteristics arecompatible with a 250o to 350°C
steam power cycle.

API'ROACII o Identify and select concepts for test
o Design, fabricate, assemble and test laboratory-scale modules
o Evaluate results
o Recommendfurther development requirements

OUTPUT Two active heat exchange concepts were identified, designed and fabricated.
Tests are in progress. In the first concept, called the Direct Contact Heat Exchanger,
separate streams of salt and a liquid metal heat transfer fluid are mixed together in a
heat exchange column, where, upon discharge, both latent and sensible heat are transferred
to the cooler liquid metal by a countercurrent flow of molten salt droplets injected at
the bottom of the column, As the salt rises it is directed over the top of the column to
a surrounding tank.

The second test module, called a Rotating Drum Scraper, uses the same salt storage medium
and liquid metal heat transport fluid. During the discharge cycle, molten salt flows
through slit nozzles onto the circumference of a rotating drum. After the drum has made
a partial (270o ) rotation, the solidified layer of salt is scraped off with a fixed
scraper blade. 64



4.0 SOLAR THERMALPOWER STORAGEAPPLICATIONS
• ii

CONTRACTOR TITLE

Naval ResearchLaboratory Heatof FusionEnergyStorageBoiler
Tank (4.2.4)

i i

• CONTRACTNO.
EC-77-A-31-l024.MOO3

PRINCIPALINVESTIGATOR PERIODOFPERFORMANCE

T. A. Chubb July 22, 1976 to Oct. l, 1980
, , , ii " ll i ii i,i mu . ii.

WORKLOCATION FISCALYEARFUNDING
, 4555 Overlook Avenue, SW $100,000 .

Washington, DC 20375

CONTRACTINGOFFICE CUMULATIVEFUNDING

NASA-Lewis TtesearchCenter ' ' $360,000by DOE/STOR
Cleveland,OH $19O,OOOby NRL

i,

BACKGROUND This activityis one elementof the Researchand TechnologyDevelopment
portionof the TES Program.The primarypurposeof this activityis to demonstrate
feasibilityof an advancedconceptthat can be utilizedih sol-arapplications...

OIM_;CT_ES Demonstratefeasibilityof heat-of-fusionenergystorage-boilertank. ,

APPROACll Evaluatemedia and heat transferfluid propertiesand cycle life
characteristics.

Performstoragemedia-containmentmaterialscompatibility.studies.

, Design,b_ild.,and operatea 2 MWh storage-boilertank.

. OUTPUT Completedpropertydeterminationsand"selecteda eutecticsalt
(NaC.l,KCI,Mg Cl2) havinga meltingpointof about 385°C,and M-terphenylas the
heat transfer fluid

Compatibilitystudiesare completeand mild steel containershave been selected•

Fabricationof 2 MWh storage-boilertank is proceedingand scheduledto be completed
in mid 1980. Operationand testsare.scheduledthrough1981.
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4.0 SOLARTHERMALPOWERSTORAGEAPPLICATIONS

CONTRACTOR TITLE

Comstock & Wescott Incorporated Latent Heat (NaOH) Storage for
765 Concord Avenue Total Energy Systems (4.2.3)
Cambridge, MA 02238

Telephone: (617) 547-2580° CONTRACTNO.

DEN 3-I 38

PRINCIPALINVESTIGATOR PERIODOFPERFORMANCE

Richard'Rice May 79 to April 80

WORKLOCATiOFq iFISCALYEAR FUNDING ,;

Cambridge, MA $92,500

CONTRACTINGOFFICE :CUMULATIVEFUNDING

NASA-Lewis Research Center $225,000
Cleveland,OH.

BACKGROUND

First •Generation phase change storage systems are typi'fied by using passive (no moving
parts), tube intensive heat exchangers. The present contract with Comstock and Wescott
is a continuation of a prior program which included the design, construction, and testing-
of an experimental one-tenth scale-model of:a •phase change thermal energy storage (TES)
system suitable for use in electricity generating "systems such as the Sandia Solar Total

_]ej_g(_TT_ _ Facility (SSTETF)at Albuquerque, New Mexico. .

To conduct laboratory scale testing of a modified anhydrous NaOHlatent.heat storage•
concept for small solar thermal power systems such as totel energy systems utilizing
organic Rankine systems. -•

APPROACll

Under a previous contract, NA53-20615, a module was tested and a computer simulation code
developed. This follow-on effort consists of diagnostic test on the module and investi-
gation of alternative heat transfer fluids and heat exchange • concepts.

OUTPUT
Post test analysis of the previously tested module indicated no internal corrosion or
leakage. The module has been refilled with Thermkeep (91.8% Anhydrous NaOH, 8% NAN03,
and 2% MnO2) and prepared for a second test series using an alternative heat transfer •
fluid, Caloria HT-43. Silicone B was initially to be used; however, this fluid was
found to be mildly reactive with the NaOH. The computer simulati.on model has been
modified to predict the performance of this module in a solar total energy system
environment. In addition, the computer model has been expanded to investigate para- '
metrically the incorporation of a second heat exchange inside the TES module which will
vaporize and superheat the Rankine cycle power fluid.
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o Alario, Joseph; Kosson, Robert; and Haslett, Robert: Active Heat
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Storage, GrummanAerospace Corporation, DOE/NASA/O039-79/I, NASA
CR 159726, January 1980
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