


DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor Battelle Memorial Institute, nor any of their employees, makes any 
warranty, expressed or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise, does not necessarily consti
tute or imply its endorsement, recommendation, or favoring by the United States 
Government of any agency thereof, or Battelle Memorial Institute. The views and 
opinions of authors expressed herein do not necessarly state or reflect those of the 
United States Government or any agency thereof, or Battelle Memorial Institute. 

PACIFIC NORTHWEST lABORATORY 
operated by 

BA TIELLE MEMORIAL INSTITUTE 
for the 

UNITED STATES DEPARTMENT OF ENERGY 
under Contract DE-AC06-76RLO 1830 

Printed in the Unated States of America 
Available from 

Nataonal Technical information Servace 
United States Department of Commerce 

5285 Port Royal Road 
Springfield, Virginia 22161 

NTIS Price Codes 
MacroficheA01 

PnntedCopy 

Pages 

001.m5 
026-050 
051.()75 
076-100 

101-125 
126-150 
151-175 
176-200 

201-225 
226-250 
251-275 

276-300 

Price 
Codes 

A.02 
A03 
A04 
AOS 

A06 
A07 
A08 

A09 

A010 
A011 

A012 
A013 

' 



3 3679 00057 1630 

THERMAL ENERGY STORAGE EVALUATION PROGRAM 

1986 ANNUAL REPORT 

M. K. Drost 
J. M. Bates 
D. R. Brown 
R. 0. Weijo 

July 1987 

Prepared for 
the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest Laboratory 
Richland, Washington 99352 

PNL-6251 
UC-94e 



PREFACE 

This is the 1986 Annual Report for the Thermal Energy Storage Evaluation 
Program, administered by the Pacific Northwest Laboratory {PNL) for the U.S. 
Department of Energy. Because the Program received its first significant 
funding in January 1987, this document describes all major research funded 
under the program during the period from January 1987 through March 1987. 

The report summarizes the activities and notable progress toward the 
objectives of the Thermal Energy Storage Evaluation Program. Readers wishing 
further information on specific topics are invited to contact Kevin Drost at 

PNL. 

The work described in this report is intended to support and supplement 

research in the other major thermal storage programs: seasonal, diurnal, and 
industrial thermal energy storage. The results and progress reported here 
rely on earlier studies and will, in turn, provide a basis for continued efforts 
to develop thermal energy storage technology. 
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SUMMARY 

Thermal energy storage was identified by the U.S. Department of Energy 
(DOE) as one means of reducing the nation's dependence on fossil fuels and of 
reducing peak electricity demand. The Thermal Energy Storage Evaluation Program 
activities were initiated at Pacific Northwest Laboratory in October of 1986 
to provide economic planning, technical assessment and field testing support 
for the thermal energy storage program, as well as management of the overall 
program for the DOE. 

Economic planning includes two assessment studies. In one study, computer 
searches were completed for a listing of previous studies on diurnal and 
industrial thermal energy storage: most of those identified studies were 
reviewed for an annotated bibliography. In the second study, information by 

state was located for total residential, commercial, and industrial energy 
use and the states were identified that contained aquifers suitable for thermal 
energy storage; residential and employee population data are being analyzed. 

In technical assessment: 1) issues that might affect an assessment were 
outlined for the development of a standard methodology to conduct assessments; 
2) work is underway to establish "market-based" cost and performance goals 
for cool storage technologies in residential applications; 3) planning has 
begun for investigation of benefits in incorporating aquifer thermal energy 
storage with heat pumps; and 4) plans are being formulated to evaluate the 
potential benefit of using aquifer thermal energy storage to augment power 
plant cooling. 

Field testing to develop technologies for the recovery and reuse of 
industrial waste heat began with the instrumentation design for the ceramic/salt 
matrix in an operating brick-making plant. 

Work in advanced studies by Lawrence Berkeley Laboratory continued on 
thermochemical conversion and storage using small particles as the heat 
exchanger catalyst. In so3 dissociation experiments at 645'C using light and 
dark conditions, results clearly demonstrated the benefit in directly radiantly 
heating the catalyst to accomplish the endothermic step of a thermochemical 

storage reaction. 

iii 



Management of the program includes direction of studies, coordination 
with other organizations involved in thermal energy storage research, and 
interaction with the U.S. Department of Energy. 
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THERMAL ENERGY STORAGE EVALUATION PROGRAM 
1986 ANNUAL REPORT 

1.0 INTRODUCTION 

Thermal energy storage has the potential to reduce fossil fuel consumption 
and help reduce peak electricity demand. The U.S. Department of Energy (DOE) 
established a program to encourage timely implementation of thermal energy 
storage (TES) concepts as one means of reducing the nation 1 s dependence on 

fossil fuels and reducing the impact of projected electric power generation 
capacity shortfalls occurring in the next decade. While TES technology 
development is clearly required, equally important are economic investigations 
to guide research, technical assessment of existing concepts and field testing 
of attractive options. To meet these needs, DOE established the Thermal Energy 
Storage Evaluation (TESE) Program. 

The thermal storage program includes three technology development 
activities: aquifer thermal energy storage (ATES), diurnal thermal energy 
storage and industrial thermal energy storage. The ATES program is administered 
by Pacific Northwest Laboratory (PNL) while the diurnal and industrial thermal 
energy storage studies are administered by Oak Ridge National Laboratory (ORNL). 
The Thermal Energy Storage Evaluation Program was established in 1986 to provide 
assessment and evaluation services to the three technology development 

activities. Assessment and evaluation services include technical assessment 
of concepts, research and development cost and performance goal determination, 
economic assessment for research and development planning and support for 
concept field testing. 
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2.0 THERMAL ENERGY STORAGE EVALUATION PROGRAM 

Pacific Northwest Laboratory, operated for the U.S. Department of Energy 
by Battelle Memorial Institute, manages the Thermal Energy Storage Evaluation 
Program. The approach used in determining the research activities was to 
work closely with the technology development programs to determine the economic 

research, technical assessment, and field testing needs for each technology 
development program. These research needs were then prioritized and those 
studies with the highest priority were initiated. In general, the goals of 
the program are to: 

• provide research and development decision makers with estimates of the 
potential for energy savings associated with various thermal storage 
concepts 

• identify opportunities for early commercial1zation of thermal storage 
concepts 

• establish cost and performance research and development goals forTES 
technologies based on market constraints and competing technologies 

• conduct technical assessments of TES concepts to determine the potential 
for ultimate commercialization 

• assist technology development programs in field testing TES concepts. 

The TESE Program was initiated in October 1986. Activities between October 

1986 and January 1987 consisted of planning and coordination. Significant 
project funding was received in January 1987, allowing the initiation of various 
studies. Progress documented in this report occurred between January 1987 
and March 1987. 

2.1 PROGRAM ORGANIZATION 

The organization of the TESE Program is presented in Figure I. The program 
consists of five major elements: economic planning, technical assessment, 
field testing, advanced TES studies, and management, which includes direction 

of the TESE activities, coordination with other organizations such as Oak 

Ridge National Laboratory, and interactions with DOE. 
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FIGURE 1. Organization of Thermal Energy Storage Program Activ1ties 



Economic planning activities consist of economic research required to 
plan effective technical research and development for TES concepts. Studies 
concentrate on determining potential energy savings associated with TES 
technology and identifying opportunities for early commercialization. Two 
studies were initiated in FY 1987. The first is a review and consolidation 
of existing TES economic assessment studies. The second is a study of the 

potential for ATES technology to displace other energy sources. The details 
of these studies are described in Section 3.0. 

Technical assessment studies activities consist of determining research 
and development goals, developing assessment methodology, and technical 
assessment of new concepts. Four specific studies are being conducted. The 
first study consists of developing an economic assessment methodology and 
performance reporting format. Other studies include determination of research 
and development cost and performance goals for residential cool storage, 

technical assessment of heat-pump-assisted ATES, and technical assessment of 
ATES peak power plant cooling. The details of these studies are described in 
Section 4.0. 

Field testing activities are associated with the field test of a direct 
contact industrial TES concept where the storage media consists of a packed 
bed of spherically shaped compound phase change material. The field test is 
being managed by ORNL but PNL will be responsible for three specific activities: 

collection of background data, procurement of instrumentation, and operation 

of the test. The details of these studies are presented in Section 5.0. 

Advanced TES studies consist of an investigation of thermochemical 
conversion and storage using small particles as the heat exchanger and catalyst. 
This work is being conducted at Lawrence Berkeley Laboratory (LBL). 

2. 2. RESOURCE REQUIREMENTS AND MILESTONES 

Table 1 presents the projected funding levels for the various tasks in 

the TESE Program. Due to the short reporting period being covered by this 
report, no milestones were involved. Figure 2 shows significant milestones 

for initiated activities. Where activities have not been initiated, milestones 

were not established. 
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TABLE 1. Allocation of Resources (dollars in thousands) 
Initial 

Program Element Allocation 
Program Support 

Management 
Reserves 

Economic Planning 
Field Test 
Technical Assessment 
Advanced Concepts (small 
particle heat exchanger) 

Reporting 
--•~1 Period ..,.I 4--

80 
35 

80 

135 

150 

40 

520 

CY1987 
Milestone 

1 Otr. 2 Otr. 3 Otr. 

Economic Planning 

TES Consolidation 

ATES Evaluation 

Assessment Studies 

Methodology Development \1 ... 
Cool Storage Goals 

Heat Pump ATES 

Power Plant ATES 

Field Test 

ORNL Support 

Background Data 

Operation 

\] Draft Report Avai lable for External Review 

... Completion of Final Report 

~, 

After Nomina 1 
Al l ocation of Reserves 

85 

85 

150 

160 

40 

520 

CY1988 

4 Otr. 1 Otr. 2 Otr. 3 Otr. 

,, 

'J 'Y 

... 

FIGURE 2. Milestones for Initiated Activities 
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4 Otr. 



3.0 ECONOMIC PLANNING 

Economic planning activities consist of economic research required to 
plan effective technical research and development for TES concepts. A review 
of previous economic research showed that a substantial number of TES economic 

and market studies existed while little similar work had been completed for 
ATES concepts. Therefore, two studies were initiated as part of the FY 1987 
program. First, a study to review and consolidate existing TES studies was 

started. This project is described in Section 3.1. Second, a study of the 
energy saving potential of ATES was initiated and is described in Section 3.2. 

3.1 CONSOLIDATION OF EXISTING TES MARKET STUDIES 

Given the fact that a substantial number of TES economic and market studies 
exist, the initial effort in estimating TES energy saving potential is to 
review, consolidate, and summarize existing studies. 

3.1.1 Goal 

The goal of this study is to consolidate and summarize findings from 
previously completed economic assessment studies on diurnal and industrial 
TES. This evaluation will identify gaps in current knowledge about economic 
potential, energy-savings associated with TES, and commercialization 
opportunities. 

3.1.2 Method of Analysis 

This task involves a literature review of previous completed economic 
assessment studies on diurnal and industrial TES. To accomplish this task, a 
computerized search was conducted to identify all completed economic assessment 
studies on diurnal TES. Copies of these studies are being obtained and reviewed 
to assess the methodology being used in each study. In addition, the following 
information will be collected: 

• energy saving associated with TES concepts (either total or by application 

segment) 

• attractive opportunities for early commercialization 

• product or process opportunities being considered in each industry 
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• early attempts to commercialize TES technology. 

This information will be summarized in a formal report. 

3.1.3 Status 

This task was initiated in late January 1987. By the end of March, 
computer searches were completed and a listing of previous diurnal and 
industrial TES studies was compiled. All identified studies either are already 
in-house or are on order. Most of these documents have been reviewed. Work 
is underway on an annotated bibliography of diurnal and industrial TES studies. 
A preliminary outline for the summary report has also been completed. 

3.2 AQUIFER THERMAL ENERGY STORAGE 

Due to the lack of significant previous ATES economic studies, this study 
was initiated to estimate the impact of ATES on energy consumption. 

3.2.1 Goal 

The goal of this study is to provide short-term and long-term estimates 
of the energy savings possible from aquifer-based TES. Also, the potential 
energy saved from important end-use applications of aquifer-based TES will be 
estimated. 

3.2.2 Method of Analysis 

The basic methodology for this study is to begin with the total amount 
of energy consumed in the residential, commercial, and industrial sectors of 
the U.S. and to progressively screen out unsuitable locations for aquifer
based TES. The total amount of energy remaining after this screening process 
is the total amount of energy savings possible from aquifer-based TES. 

The analysis began with identifying the total amount of energy consumption 
in the residential, commercial, and industrial sectors for each state in the 
u.s. Next, states that had suitable underground aquifers for seasonal thermal 
energy storage applications were identified. Approximately 60% of the U.S. 
is underlain by aquifers potentially suitable for underground energy storage 
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(Brown 1983). The energy consumed in states with unacceptable aquifers were 
eliminated from this analysis. 

In the next stage of analysis, the amount of energy used over high-density 
areas of the U.S. will be calculated. Zip code is the unit of analysis for 
defining area. The day-employment and residential population density (per 
square mile) by zip code will be computed. Those zip codes with unacceptably 
low day-employment or residential population densities will be eliminated 
from this analysis. Typical density levels for currently operating district 
heating and cooling systems in Europe will provide the basis for developing 
population density screening criteria for these zip code areas. 

The next step in this project involves selecting a random sample of 30 
to 40 zip codes from high population density areas. A geologist will then 
study the characteristics of the underground structure, the flow rates of 
water in the aquifer, and the chemical composition of water in the aquifer. 
This information will be used to estimate the percent of high density zip 
codes that have commercially suitable and usable aquifers. The proportion of 
high density zip codes with commercially unsuitable aquifers will be eliminated 
from this analysis. 

The next task in this project involves characterizing the main sources 
and users of waste heat and cool at each randomly selected zip code. A site 
will be considered financially feasible for commercialization in the short
term if 10 MW of waste heat or cool are generated in a high density zip code 
area and if users can be identified in that same area to consume that quantity 

of waste energy. A general screening criteria of 8 MW of waste heat or chill 
will be used to select long-term feasible applications and end-use markets 
for aquifer-based TES. These criteria will define the financial feasibility 
of ATES for the short-term (10 MW) and the long-term (8 MW). The percent of 
zip codes that are not financially feasible will be eliminated from the 
analysis. The remaining energy is equal to the amount of energy that can be 

saved nationally using aquifer-based TES. 

Brown, D. R. 1983. Aquifer Thermal Energy Storage Costs with a Seasonal Chill 
Source. PNL-4587, Pacific Northwest Laboratory, Richland, Washington. 
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Finally, an estimate of the amount of energy that can be saved by each 
economically feasible end-use market application of aquifer TES will be 

estimated. This will be accomplished by estimating the average percent of 
heat or cool that is displaced by each feasible end-use market application 
across the random sample of 30 to 40 zip codes. The estimate of national 
energy savings from aquifer-based TES will then be proportioned out on this 
basis to each end-use market and application. 

3.2.3 Status 

This task was initiated in late January 1987. By the end of March, 
information on total residential¥ commercial, and industrial energy use by 
state had been located. States with aquifers suitable for aquifer TES had 
been identified. In addition, a requisition to purchase information on 
residential and day-employee population density by zip code was approved. 
Analysis of this residential and employee population density data is in 
progress. 
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4.0 ASSESSMENT STUDIES 

The TESE Program is responsible for identifying and developing promising 
TES concepts and making them available to the commercial market. An integral 
part of this responsibility is the periodic assessment of the merits of these 
concepts. In general, an assessment study includes the characterization of 
cost and performance, and calculation of economic figures-of-merit to determine 
a concept 1 S overall potential feasibility. 

Program Assessment Study activities began with the start of CY 1987. 
During the first quarter, work was initiated in the following three areas: 
1) assessment methodology, 2) residential cool storage goals, and 3) ATES 
assessments. Each of these activities is discussed in more detail below. 
The majority of the discussion focuses on developing assessment methodology 
because this activity consumed the majority of the task resources expended 
during the reporting period. 

4.1 ASSESSMENT METHODOLOGY 

Because many different TES concepts will need to be evaluated over time, 
a standard methodology is required to ensure that consistent, equitable, and 
comparable assessments are conducted. The objective of this task is to develop 
an assessment methodology that fulfills these requirements. 

4.1.1 Assessment Issues 

Development of the methodology began by outlining the many issues that 
might affect an assessment. The diverse nature of potential TES technologies 
and applications creates a higher level of complexity for conducting concept 
evaluations than would exist for other, more narrowly defined, technologies. 
Potential end-users encompass residential, commercial, and industrial sectors. 
Prospective storage temperatures range from below 0°F to beyond 2000°F. The 
widely varying end-user requirements and multiple types of potential storage 
media result in a rather large matrix of potential concepts, often requiring 
a partially unique approach to their evaluation. Table 2 summarizes key issues 

affecting the assessment of TES concepts. 
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TABLE 2. TES Evaluation Issues 

Economic Methodology Issues 
1. What are the benefits to be derived from TES? 
2. What figures-of-merit best illustrate TES system economics? 
3. Will more than one economic methodology be required or desirable? 

Cost and Financing Issues 
1. What assumptions should be used for current and future energy prices? 

2. What assumptions should be used for modeling finances? 
3. What cost accounts are necessary to ensure consistent definition of costs? 
4. What approach should be used for estimating the cost of unique elements? 

Application Characteristic Issues 
1. What is the nature of the current technology TES is augmenting or 

replacing? 

2. What are the system boundaries? 
3. What are the characteristics of the TES energy source? 
4. What is the ••typical" size of the many potential TES applications? 

Performance Issues 
1. What techniques should be used for calculating system performance? 
2. What should be considered for the reference ambient conditions? 
3. How should performance be measured and reported? 

Other Issues 
1. How should differential environmental and safety issues be addressed? 
2. How should TES systems for different applications be compared? 
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4.1.2 The Assessment Framework 

Development of the assessment methodology was restricted to addressing 
issues that could be treated in a generic manner. This resulted in an 

assessment methodology that consists of an economic model and a collection of 
ground rules, assumptions, and approaches that help define how to characterize 
TES costs, performance, and overall economic attractiveness. 

The economic model incorporates both net present value (NPV) and levelized 
production cost analytical approaches. The NPV portion of the model is a 
detailed cash flow analysis that will calculate annual cash flows for capital, 
operations and maintenance, taxes, and revenues based on user-supplied 

information. The production cost part of the model takes the present value 
of capital, operation and maintenance, tax and depreciation streams and converts 
this information into a levelized production cost. 

Current prices and projections of future prices for fossil fuels and 
electric energy were acquired or developed for industrial, commercial, and 

residential sectors. The primary source of data was the Energy Information 
Administration's Annual Energy Outlook 1986. The 1986 Tax Reform Act was 

reviewed to determine rates and schedules for federal income taxes, tax credits, 
and depreciation. Data describing the historical rates of return for stocks, 
corporate bonds, municipal bonds, government Treasury bills, and home mortgages 
were used to establish costs of capital (discount rates) for various types of 
ownership scenarios. 

Finally. the assessment methodology defines the generic analytical 
approach, reporting procedures, and performance figures-of-merit to be used 
in characterizing system performance. Specific analytical methods and reference 
conditions will still need to be defined as part of individual concept 

assessments. 

A first draft of the assessment methodology documentation was completed 

at the end of this reporting period. Publication is planned after external 
review is obtained for a revised draft. 
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4.2 RESIDENTIAL COOL STORAGE GOALS 

The objective of this task is to establish "market-based" cost and 
performance goals for cool storage technologies in residential applications. 
An "envelope" of target cost and performance combinations will be set in 

recognition of the tradeoff between these system characteristics and other 
design factors. Market-based goals, if achieved, would make the cool storage 
technology economically competitive with the conventional air conditioning 

technology while providing the same level of service. 

The general procedure for establishing market-based goals is to first 
identify the service to be provided by the new technology and the conventional 
means of providing the same or similar service. Next, the cost, performance, 
and economic figure-of-merit is characterized for the conventional means of 
service. This establishes the overall system level goal. The final step 
involves identifying combinations of cost and performance that result in the 
new technologies figure-of-merit matching the conventional technology 1 s figure
of-merit. 

The goal development process will be affected by the specific 
characterization of many key design factors, including the building type, 
meteorological conditions, utility rate structure, and the nature of 
conventional equipment and its proposed TES addition or replacement. Work on 
this task was just getting underway at the end of this reporting period. 

4.3 AQUIFER THERMAL ENERGY STORAGE ASSESSMENTS 

Two assessments of AlES-augmented systems are currently in the planning 
stages. The first of these two assessments will investigate the benefit of 
incorporating ATES with heat pumps for the delivery of heat or chill to 
commercial buildings. The annual cost of energy for the ATES system will be 

compared with a straight groundwater heat pump and a conventional air-to-air 
heat pump. Many of the key analytical issues will be similar to those 
identified for the residential cool storage goal development. 

The second assessment will evaluate the potential benefit of using ATES 

to augment power plant cooling. Reduced cooling water temperatures made 
possible by ATES would lower the condenser back pressure and improve generation 
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efficiency. An initial investigation will review actual power plant performance 
curves to determine the potential benefit of reduced cooling water temperatures. 
Both of these ATES assessments are in their early planning stages; work is 
expected to commence later in FY87. 
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5.0 FIELD TEST 

5.1 INTRODUCTION 

The TES field testing activity will gather operational data on a ceramic/ 
molten carbonate salt matrix TES media and assess the performance of the media 
in a typical industrial environment; in this case a batch process brick-making 
operation. The field testing will obtain answers to various questions regarding 
I) the integration of the concept into an industrial application, 2) the 
performance of the concept and the specific storage media where exposed to 
typical combustion products, 3) operability and reliability of the entire 
system, and 4) economic feasibility of the application. 

The Field Testing Task activities will consist of defining and integrating 
necessary TES systems instrumentation into the ORNL-specified field test 
package. PNL's role will be to collect background data, design, procure and 
place in service necessary test instrumentation and operate the field test. 

5.2 BACKGROUND 

The Thermal Energy Storage Evaluation Program is devoting efforts to 
developing technologies for the recovery and reuse of industrial waste heat. 
The brick and tile industry has been identified as being particularly energy 
intensive and having significant potential for effective use of TES. Consuming 
a considerable fraction of total energy use in the u.s., this particular 
industrial application of TES technologies could have a major impact on total 
national energy usage. With this incentive, an operating brick-making plant 
was selected for initial field test activities of the ceramic/salt matrix 
thermal storage media. 

Typically, a batch process brick kiln and its contents are heated from 
ambient conditions to a desired temperature level, at which the brick acquires 
its desired appearance and structural properties. The kiln is held at the 
curing temperature for a period of time and then slowly cooled to near ambient 
temperatures. Depending on the particular product produced, a nominal cycle 
may last from a few hours to several days, but all cycles consist of heat-up, 
soak, and cool-down periods. Current practices call for venting the high 
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temperature (-2000°F) flue gases to atmosphere for the entire cycle. The 
result is a near 50% loss of the total heat content of the fuel used for firing 
the kiln. A TES system that could effectively capture this ··vented"" heat 
could be used to either preheat combustion air for the next cycle or predry 

bricks prior to firing. Reuse of the normally wasted heat would result in 
considerable fuel cost savings to the plant. 

Data must be collected from non-storage operation (baseline) of the brick 
factory for comparison with TES field test data such that the economic merit 
of the concept can be analyzed and the operational and component reliability 
can be assessed for impact on plant operations. 

5.3 TEST OPERATIONS 

PNL's field test task responsibilities can be divided into several 
subtasks. 

1. Define, collect, and compile necessary baseline operational data for 
eventual comparison with TES field test data. Current plans call for 
issuing an Request for Quotation and issuing a subcontract for collection 
of this baseline data. 

2. In coordination with the ORNL system specifications, define, procure, 
and locate required pressure, temperature, flow gas constituent analysis, 
and particulate characterization instrumentation and/or sampling 
requirements. 

3. Specify, procure, and install a data acquisition system suitable for 
unattended collection and storage of all specified measurement data. 
Current plans call for both local and periodic remote access to all stored 
data. 

4. Arrange for required operations (and maintenance of instrumentation) at 
the test site. A subcontract arrangement is anticipated. 

5.4 STATUS 

Details of the system design have only recently started to become available 
such that specific instrumentation selection can begin. Efforts have primarily 
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been devoted to identifying candidate techniques for monitoring hot flue gas 
flow rates, specifying and costing a candidate data acquisition system, and 
consulting experts at PNL regarding chemical constituent and particulate 
analysis techniques as they may apply to required characterization of the gas 
flow streams encountered during the field tests. 

A preliminary look at data acquisition equipment requirements has been 
made with a system description and cost quotation obtained from a potential 

vendor. For a base system with -too input channels, no control output 
capabilities, and remote telecommunications access, costs appear to range 
from $20 to $25K. Further definition of the data acquisition system will be 
required before a purchase requisition can be issued and solicitation of bids 
initiated. Of concern is the probable need for capital equipment monies for 
procurement of this hardware. 

Chemical and particulate analysis capabilities may be important for not 
only characterizing the flue gas but also for evaluating the time/temperature 
dependent degradation of the storage media. Knowledge of chemical and 
particulate constituents of the flow stream both above and below the media 
bed will be invaluable for such analysis. Problems associated with both batch 
and continuous sampling techniques at the extreme temperatures of the TES 
field test are being evaluated. 
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6.0 ADVANCED TES STUDIES 

The advanced TES study task consists of an investigation of thermochemical 
conversion and storage using small particles as the heat exchanger and catalyst. 
The focus of this activity is to investigate potential thermochemical storage 
reactions of gases at the surface of particles in the presence of concentrated 
sunlight. This work was conducted by Lawrence Berkeley Laboratory. The main 
tasks were the evaluation of candidate reactions for this application and an 

experimental investigation of radiantly-induced particle-mediated chemical 
dissociation. This research is of interest because of possible solar thermal 
applications. 

The initial task consisted of testing for particle catalyzed 
photodissociation. Initial investigations of the equilibrium and kinetics of 
the dissociation reaction so3 --> so2 + 1/2 o2 for thermcchemical energy storage 
established that direct radiant heating of the catalyst resulted in significant 
improvements in the dissociation rate. Uncertainties related to instrument 
calibration and presence of ultraviolet radiation from the solar simulator 
were identified but did not affect the basic conclusion that reaction rates 

were significantly enhanced. Further experiments will be required to verify 
the results of the initial investigation. During the October through March 
reporting period, the test apparatus was prepared for a new series of tests. 
The only new activities consisted of running so3 dissociation experiments at 
645°C for ""light'" and ""dark"" conditions. The results show that the "light'" 
case reached equilibrium dissociation concentrations within experimental error 
and the "dark"" case only reached approximately one-quarter of the dissociation 
concentrations in the same time period and for the same temperature conditions. 
The experiment clearly demonstrated the substantial benefit in directly 
radiantly heating the catalyst to accomplish the endothermic step of a 
thermochemical storage reaction. 
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