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ABSTRACT

. This report presents the highlights of the Department of Energy (DOE)
Solar Thermal Central Power Systems Semiannual Review held in San Diego,
California, on March 2-3, 1978.
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SEMIANNUAL REVIEW OF SOLAR THERMAL
CENTRAL POWER SYSTEMS

Introduction

This report summarizes information presented at the Department of
Energy's Solar Thermal Projects Semiannual Review held at San Diego,
California, on March 2-3, 1978. The purpose of this meeting was to review
the status of the research and development activities associated with the solar
central power systems that are being developed as part of the Thermal Power
Systems Program.

The overall objective of the central power system development effort
is to establish central solar thermal power systems as an economically viable
power generation resource for electric utilities by the mid-1980s. To meet
this objective, the development of central receiver technology has been
divided into four phases.

The initial phase consists of verifying the designs of major subsystems
for water/steam central power systems in support of the 10-MWe central
receiver pilot plant to be operational at Barstow, California, in 1981.

Next, existing oil and natural gas fueled power plants in the southwestern
U.S. will be repowered with 10-50 MW water/steam central power systems.
The primary goal is to displace natural gas and imported oil as well as to pro-
vide a sound basis for evaluating the system operations for the storage coupled
intermediate capacity factor plants. These plants will provide for competition
within the heliostat industry and provide the production and system experience
necessary to reduce heliostat and system costs.

Following the 10-50 MW plants will be 50 to 200-MW water/steam sys-
tems that include storage and are based on advanced rankine and/or brayton
cycles (500-800°C). These plants will complement coal and nuclear power
plants and will displace not only fossil fuel use but also plant capacity. These
systems will further stimulate competition in the production of hardware and
equipment and extend the technology in the use of brayton cycle and the coup-
ling of solar thermodynamic cycles with low-cost thermal storage systems.




In the final phase, 100 to 500-MW central receiver and distributed re-
ceiver systems based on advanced rankine and/or brayton cycles and operating
in the range of 1000 to 2500°F will be applied to the production of electricity
and transportable fuels and chemicals. These plants will provide an alternative
to coal and nuclear plants and will displace depletable fuel sources in all sec-
tors of national energy market. These systems will require further develop-
ment of high-temperature technology and long-term storage systems.




DOE OVERVIEW

Department of Energy
San Francisco Operations Office

R. W. Hughey

Since the last semiannual review, several events have occurred that
will have a definite effect on the solar energy program. For one, ERDA
passed away and DOE was created. As shown in Figure 1, solar energy de-
velopment is now under two Assistant Secretaries. Solar electric and bio-
mass are under the Assistant Secretary for Energy and Technology; heating
and cooling are under the Assistant Secretary for Conservation and Solar
Applications.

Under ERDA, solar electric energy was looked upon as a contributor
to long-term goals. Under DOE, solar electric is also asked to contribute
to near and mid-term needs, particularly as an oil and gas 'fuel saver. "

A number of other factors tell us that we must accelerate our solar
electric program, e.g.:

1. More and more we are realizing that oil and gas are going
down in availability and up in cost; that nuclear and coal are
in serious trouble; and that fusion is still far off. So, sources
like solar and geothermal must be pushed harder and sooner.

2. DOE would like its alternative technologies (nuclear, fossil,
solar, geothermal, fusion, conservation) to contribute one Q
by 1985. Solar must do its share. 17%,°Cis an enormous quan-
tity--like 30-40 power plants of 1, Ouu mwe capacity.

3. Congress is pushing DOE to increase its solar program. The
House Science and Technology Committee has recently marked
up the President's FY 79 Solar Electric Budget from $287 M
to $358 M, and it may go still higher.

Figures 2, 3, 4, and 5 show the Thermal Power Systems (TPS) program,
its objectives, organization, projected achievements for FY 79, and applications.
Three of these applications are of key significance:
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o Initial Commercial Implementation of Dispersed

Solar Thermal Power Systems by Early-1980s

® Establish Central Solar Thermal Power Systems
As Economically Viable Generation Resource for

Electric Utilities by Mid-1980s

Figure 2. Program Objectives
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Figure 3. Program Organization




Dispersed Power Applications

¢ Complete Design and Initiate Construction of 3 Large-Scale Total
Energy Experiments

Fort Hood, Texas

Shenandoah, Georgia

Mississippi County Community College,
Blytheville, Arkansas

e Initial Operation of Second Solar Thermal Irrigation Pumping
Experiment - Willard, New Mexico

e Site Selection for First Small Community Experiment

Central Power Applications

e Repowering Existing Power Plants

e Complete Market and Concept Definition Studies
"o Establish Program for Feasibility Demonstration
Experiments ‘

e Initiate Support of EPRI Brayton Cycle Central Receiver
Experiment

e Complete Concept and Definition Evaluation of

e Alternative Central Receiver Concepts
o Hybrid Systems
¢ Low Cost Receiver and Heliostat Designs

e Break Ground for Barstow 10 MWe Central Receiver System
Experiment

Figure 4. 1979 Projected Achievements

e Central Receiver

e 10 MWe Pilot Plant
e Alternative Concepts
e Hybrid Concepts (Solar/Fossil)

Repowering
New Plants

e Linear Receiver

e Component Development

e Low Cost Heliostats
e Low Cost Receivers

e Solar Thermal Test Facility (STTF)

Figure 5. Central Power Applications




1. 10 MWe Pilot Plant at Barstow

This plant is of cru01a1 importance because it will provide
the necessary ''gate'' of large-scale hard data and experience
between the relatively small subsystem research experiments
carried out during the preliminary design phase and STTF
testing on the one hand, and the large advanced systems and
hybrids of the future on the other hand.

2. Repowering

With the new emphasis on near-term payoff, repowering
represents an early market entry point. Repowering is an
approach that can be readily integrated into existing utility
systems.

3. Low Cost Heliostats

The whole central power program can succeed only if low
cost heliostats can be developed because over half the cost of
of a central power plant is the collector subsystem.

Figure 6 shows a possible schedule which calls for six central receiver
plants being on-line by 1986. Nothing on this chart is firm except the Barstow
plant schedule. However, this chart does show one possible way of achieving
the goal of establishing central power systems as an economically viable
generation resource by the mid-1980s. Six plants on-line by 1986 represent
a very large acceleration of the program. It might cost in the range of $3-4
billion of government and private funding. It would impose heavy problems of
funding, manpower, materials availability, site availability, environmental
assessments, and permits. And that's the good news. The bad news is that
even if we somehow accomplished all those projects, they would be contributing
only a small fraction of one Q! The point of such a program, however, is to
furnish a solid base of experience and confidence from which a significant solar
electric industry can grow.
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Start Select
Capacity | Conceptual | Conceptual | Detailed
(MW) Design Design Design Operational

Barstow, Calif.
Pilot Plant 10 6/75 8/77 9/178 9/81
Repowering I 25 2/78 11/78 4/80 11/82
Hybrid Fossil 3 12/74 3/79 3/79 3/83

(with EPRI)
Repowering II 50 2/78 2/80 6/80 11/83
Hybrid Critical 50-300 8/78 3/81 3/82 3/85

Module
Solar Storage 6/75 9/82 9/83 9/86

Critical Module

50-300

Figure 6. Central Power Applications Projects




TECHNICAL OVERVIEW
SOLAR THERMAL CENTRAL POWER SYSTEMS PROGRAM

Sandia Laboratories
Livermore, California

Alan Skinrood

The elements of the central power programs are listed in Figure 1. The
dates shown in Figure 2 for the projects are quite indefinite with the exception
of the pilot plant at Barstow, California. The systems development part of the
program consists of some advanced central receiver contracts, a repowering
study that has been started, hybrid systems studies that will be started soon
with the issuance of an RFP, and studies on linear focus systems for central
power applications. The objective of the linear focus studies, which represent
a broadening of the program, is to examine the possibility of dispersed col-
lectors being used for centralized power on a large scale. The last part of the
program is component development where individual receivers, receiver
studies, heliostats, and energy storage work will be done.

Figure 3 shows the accomplishments since the last semiannual in Seattle.
The Barstow activities are well under way at this point. All the reports from
the original four major contracts for the pilot plant design--Boeing, Honeywell,
Martin Marietta, and Stearns-Roger--are now available from TIC. The test
facility in Albuquerque is nearing completion, and four advanced systems and
four prototype heliostat contracts have been awarded. There was a workshop
held in November, 1977, in Dublin, California, on systems analysis, and a
follow-up workshop will be held in March, 1978.

The major advanced central receiver systems studies under way are
shown in Figure 4. Both Atomics International and General Electric are
exploring the possibility of using sodium as a coolant for the central receiver.
Molten salt as a heat transfer fluid is being investigated by Martin Marietta.
SAN has let a contract for the continuation of the EPRI work with Boeing, in
which Boeing is performing more systems analyses and trade-offs on the
concept that they started under EPRI funding. We expect to complete the last
of the Phase I of the advanced systems contracts January, 1979. This date
represents a slip in the program schedule. This slip resulted because some

17




PROJECTS

s BARSTOW, CALIFORNIA PILOT PLANT
*» REPOWERING

¢ HYBRID/SOLAR/NON-SOLAR LARGE SCALE
EXPERIMENT

e STORAGE COUPLED
e LINEAR FOCUS LARGE SCALE EXPERIMENT

SYSTEMS DEVELOPMENT

e ADVANCED CENTRAL RECEIVER CONTRACTS
e REPOWERING STUDY

e HYBRID SYSTEMS STUDIES

* LINEAR FOCUS SYSTEMS STUDIES

e RECEIVER
e HELIOSTATS
e ENERGY STORAGE

|
|
COMPONENT DEVELOPMENT
Figure 1. Solar Thermal Central Power Program .
|

APPROVED
SELECT START
CONCEPTUAL DETAILED
CAPACITY (MW) DESIGN DESIGN OPERATIONAL
BARSTOW, CALIF PILOT PLANT 10 8/77 9/78 9/81

TENTATIVELY PROPOSED

REPOWERING | 25 11/79 4/80 11/82
HYBRID FOSSIL (WITH EPRI) 3 3/79 3/79 3/83
REPOWERING 11 50 2/80 6/80 11/83 N
HYBRID CRITICAL MODULE 50-300 3/81 3/82 3/85
SOLAR STORAGE CRITICAL MODULE 50 - 300 9/82 9/83 9/86

Figure 2. Central Power Applications Projects
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* BARSTOW PIL.LOT PLANT ACTIVITIES UNDERWAY

¢ CONTRACTOR REPORTS ON FIRST GENERATION
TECHNOLOGY PUBLISHED

* TEST FACILITY IN ALBUQUERQUE NEARING
COMPLETION

* 4 ADVANCED SYSTEMS AND 4 PROTOTYPE
HELIOSTAT CONTRACTS AWARDED

* REPOWERING STUDY STARTED
® SYSTEMS ANALYSIS WORKSHOP HELD
* HELIOSTAT CODES DOCUMENTED

Figure 3. Accomplishments Since Last Semiannual in August, 1977

OBJECTIVE: DEVELOP ADVANCED SYSTEM CONCEPTS

STATUS: CONTRACTS AWARDED FOR SODIUM
- COOLANT SYSTEMS (ATOMICS INTER-
NATIONAL AND GENERAL ELECTRIC);

MOLTEN SALT (MARTIN MARIETTA)
AND BRAYTON CYCLE (BOEING)

SPECIAL BRAYTON CYCLE STUDIES
CONTINUING (DYNATHERM AND SANDERS

ASSOCIATES)

MILESTONES: OCTOBER, 1977 ..... PHASE 1 CONTRACTS
AWARDED
- JANUARY, 1978
JANUARY, 1979 ...... PHASE | COMPLETE
FEBRUARY, 1980. . ... PHASE 2 COMPLETE

Figure 4. Advanced Central Receiver Systems Studies
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contracts were late in being initiated. The Phase II shown is an experimental
phase, which will be completed in 1980.

The repowering study that has been started at the Public Service of New
Mexico is summarized in Figure 5. They have completed their market survey
of the nine states and will have the initial phase of the study done in November
of this year. We plan to extend the market survey to the rest of the U.S. to
determine the total market for repowering.

Figure 6 summarizes the hybrid systems development. As shown, an
RFP has been prepared; our goal is to issue it in March, 1978, and have con-
tracts before the end of the fiscal year. A one-year initial paper study will
be conducted, followed by a one-year study that combines experiments with
analysis.

An RFP prepared on linear focus systems is nearing completion (see
Figure 7). The RFP is in draft form, and the target date for issuance is April,
1978. The same general format will be followed--initially a one-year study
program, followed by some experimentation.

As shown in Figure 8, we plan to issue an RFP on advanced water/steam
development to to determine whether there are improvements that can be made
to the first-generation technology of water/steam. Again, the target date for
issuance is April, 1978.

Now, in addition to the major component development, individual studies
are being conducted with universities and private industrial organizations.
They are listed in Figure 9 and are discussed in detail later in this report.

We do want to conduct a series of topical studies and are entertaining sugges-
tions on what individual studies need to be done. In particular, we'd like to
encourage more university participation. Some universities are represented,
but we would like to encourage more university participation in studies of some
of the aspect of receiver design. One major study we feel to be important is
the development of a scheme for estimating tower costs for receivers. Such

a scheme would be a parametric series of curves where you could find the
tower cost versus height versus weight versus earthquake design load. The
contractor for that study has not been selected yet.

Several other studies are either planned or on-going. The sodium test
program will be coordinated with GE and Al, who are the major developers
of sodium receivers. We will also conduct a molten salt study because the
molten salt stability measurements and compatibility testing are applicable
to both receivers and storage. The direct absorption study is being done in-
house and will be covered in a separate semiannual report.

Figure 10 shows that the goal of the heliostat development program is

to achieve a cost of $72/m?2 of reflectivity. This figure was obtained by
dividing the original program goal of $65/m?2 by the reflectivity to put both

20




OBJECTIVE:

STATUS:

MILESTONES:

DEVELOP METHODS FOR ADDING SOLAR
CENTRAL RECEIVER SYSTEMS TO
EXISTING FOSSIL FUEL POWER PLANTS

STUDY BEING CONDUCTED BY THE
PUBLIC SERVICE COMPANY OF NEW
MEXICO, INCLUDING MARKET SURVEY
OF 9 STATES

FEBRUARY, 1978.. .CONTRACT AWARDED

APRIL, 1978.. . INITIATE MARKET SURVEY
FOR BALANCE OF U.S.

NOVEMBER, 1978...... STUDY COMPLETE

Figure 5. Repowering Study

OBJECTIVE:

STATUS:

MILESTONES:

DEVELOP CONCEPTUAL DESIGNS FOR
POWER PLANTS COMBINING A SOLAR
CENTRAL RECEIVER ENERGY SOURCE
WITH A NON-NUCLEAR ENERGY SOURCE

RFP HAS BEEN PREPARED

MARCH, 1978 ................ ISSUE RFP
AUGUST, 1978....... AWARD CONTRACTS
AUGUST, 1979........ COMPLETE PHASE 1
SEPTEMBER, 1980 ....COMPLETE PHASE 2

Figure 6. Hybrid Systems Development
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OBJECTIVE:

STATUS:

MILESTONES:

DEVELOP SOLAR THERMAL POWER
PLANTS WHICH UTILIZE LINEAR
RECEIVERS TO COLLECT SOLAR
ENERGY REDIRECTED BY MIRRORS
TRACKING IN A SINGLE AXIS

RFP PREPARED

APRIL, 1978, ................. ISSUE RFP
SEPTEMBER, 1978 ... AWARD CONTRACTS
SEPTEMBER, 1979 .... COMPLETE PHASE 1
OCTOBER, 1980 ...... COMPLETE PHASE 2

Figure 7. Linear Focus Systems Development

OBJECTIVE:

SCOPE:

MILESTONES:

DEVELOP IMPROVED RECEIVERS UTILI-
ZING STATE-OF-THE-ART WATER STEAM
TECHNOLOGY AND EXPLORE HIGHER
PRESSURE, HIGHER TEMPERATURE
RECEIVERS

RFP PREPARED

APRIL,1978............... RELEASE RFP
AUGUST, 1978....... AWARD CONTRACTS
AUGUST, 1979........ COMPLETE PHASE 1
SEPTEMBER, 1980 . ... COMPLETE PHASE 2

Figure 8. Receiver Development - Advanced Water/Steam




e TWO PHASE FLOW - UNIVERSITY OF MINNESOTA

* CODE REQUIREMENTS - FOSTER WHEELER

¢ MATERIALS TESTING - ARGONNE LABORATORIES
¢ TOWERS-CONTRACTOR TO BE SELECTED

¢ SALT STABILITY/COMPATABILITY TESTING
- SANDIA LABORATORIES, MARTIN MARIETTA

e SODIUM TESTING - CONTRACTORS TO BE
SELECTED

e DIRECT ABSORPTION -SANDIA LABORATORIES

e CONVECTIVE LOSSES - UNIVERSITY OF ILLINOIS

Figure 9. Receiver Development - Special Studies

OBJECTIVE: DEVELOP LOW COST HELIOSTATS WHICH
\ \ APPROACH THE DOE GOAL OF $72/M2
. REFLECTIVITY

STATUS: PROTOTYPE HELIOSTAT CONTRACTS
AWARDED TO BOEING, GENERAL
ELECTRIC, MCDONNELL DOUGLAS,
SOLARAMICS "IDEA" HELIOSTAT RFP
BEING PREPARED

MILESTONES: PROTOTYPE HELIOSTAT CONTRACTS
SEPTEMBER, 1977 .. .PHASE 1 CONTRACTS

AWARDED

| - JANUARY, 1978

| SEPTEMBER, 1978 . ... PHASE 1 COMPLETE
OCTOBER, 1979 ...... PHASE 2 COMPLETE

"NEW IDEA" RFP

MAY,1978................ RELEASE RFP
SEPTEMBER, 1978 ... AWARD CONTRACTS
JUNE, 1979 .......... COMPLETE PHASE 1

Figure 10. Heliostat Development
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the plastic and glass mirror designs on a par so that heliostats with different
reflectivities can be compared. One activity in the heliostat area of particular
interest is the 'idea'' heliostat RFP which is being prepared. Tentatively,

the goal is to make it easier for small businesses to participate in the helio-
stat program by making both small and large awards under the idea heliostat
RFP. The RFP is planned for release in May, 1978,

We would like to do generic development on heliostats, including mirror
modules and production processes, and would welcome unsolicited ideas and
proposals for the areas where more work is needed. In previous contracts
for development of a complete heliostat, it has been impossible to explore in
detail all of the subsystem alternatives. Thus we propose to do some generic
studies and make the results available to everybody who is working on heliostats.

The remaining studies listed on Figure 11 are discussed specifically
later in this report. There is not a specific presentation on the wind studies,
but each of the contractors--Boeing, Honeywell, Martin Marietta, and
McDonnell Douglas--have conducted or are planning to conduct wind tunnel
testing and the results will be factored into what the actual wind design require-
ments should be, and the wind's effects on the field.

The energy storage activities are listed in Figure 12, and as many of you
know, the DOE's Division of Energy Storage is doing most of the energy stor-
age subsystem development. There are some storage activities in the Solar
Program; also, some of the funding from Solar has gone over to the Division
of Energy Storage for storage studies. One thing needed is a definition of the
storage requirements for the Central Power program. We are preparing a
draft of these requirements that will be issued in March, 1978.

Figure 13 summarizes the overall schedule for all of the central power
projects. The goal of the program is to develop technology alternatives by
1980 for use in the proposed projects.
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GLASS SOURCE SURVEY - BATTELLE
FOAM CHARACTERIZATION - BATTELLE
FIELD COMMUNICATIONS - HONEYWELL
GENERIC DEVELOPMENT TO BE STARTED

DRIVE SYSTEMS

MIRROR MODULES

PRODUCTION PROCESSES

INVERTED STOW REQUIREMENTS - MCDONNELL
DOUGLAS

ONE PIECE PLASTIC DOME - BOEING
GLASS AGING - SANDIA LABORATORIES

DUST BUILD-UP & CLEANING - SANDIA
LABORATORIES

WIND STUDY - SANDIA LABORATOIES

OPTIMIZATION STUDIES - SANDIA
LABORATORIES

INSTRUMENTATION DEVELOPMENT - SANDIA
LABORATORIES

Figure 11. Heliostat Development - Special Studies

OIL SIDESTREAM PROCESSOR DEVELOPMENT -
MARTIN MARIETTA

FLOW LOOP TESTING - MCDONNELL DOUGLAS

REQUIREMENTS DOCUMENT - SANDIA
LABORATORIES

SALT/ROCK TESTING - SANDIA LABORATORIES

STORAGE OIL STABILITY TESTING - SANDIA
LABORATORIES

Figure 12. Energy Storage
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CENTRAL POWER SYSTEMS R&D SCHEDULE

CY77 CY78 CY79 _ CcY8Q
PROTOTYPE HELIOSTAT
PH PHASE
RFP A HASE 1 ve 24
ADVANCED RECEIVER
PHASE PHASE
SYSTEM REP A HASE 1 a HASE 2 a
REPOWERING A—LHASE] A4
RECOMMENDATION
ADVANCED WATER STEAM
RECEIVER A A PHASE 1 PHASE 2
RFP
HYBRID
RFP ASE 2
R A PHASE 1 N PH 2
E PHASE 2
IDEA HELIOSTAT RFP & a—PHASE 1 a
PHASE 1 PHASE 2
LINEAR FOCUS RFP A A

ACS:2/9778

Figure 13. Central Power Systems R&D Schedule




SOLAR-THERMAL CONVERSION PROGRAM

Electric Power Research Institute
J. E. Bigger

Introduction

The Electric Power Research Institute is a nonprofit R&D organization
that is supported by the electric utility industry. Over 500 member utilities
support the Institute; investor-owned companies, publically-owned utilities,
and rural cooperatives are all members. The Institute receives no federal
funds, but does participate in many joint projects in various technical areas.

The Institute's 1978 total R&D budget is about $195 million. There is
very little in-house research done at EPRI; the R&D is contracted out to
industry, the academic community, and others.

EPRI Solar Program

The EPRI Solar Program is divided into three major areas of effort:

e Solar Heating and Cooling of Buildings (SHAC)
e Solar Electric Conversion
e Technology Assessment
The five-year Solar Program budget estimate is a little over $24 million;
the 1978 budget is about $4 million. There are two major thrusts in the Solar

Program: (1) SHAC, and (2) solar-thermal; the first has just over 40 percent
of the budget, and the second has slightly under 40 percent.
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The EPRI Solar Program is supporting studies, hardware, and systems
development. The studies stress the impact and interface questions and prob-
lems as they relate to the electric utility industry. The electric utilities,
after all, will be the major market for solar-thermal conversion systems,
not only central receiver concepts but also the distributed and disbursed systems.

Solar-Thermal Conversion Program

One of the major objectives of the EPRI Solar-Thermal Program is to
develop systems that have potential benefit for electric power generation ap-
plication. To achieve that, the development of two brayton-cycle central
receiver concepts is being supported: a closed-cycle design is now under
development at Boeing Engineering and Construction and an open-cycle design
with Black & Veatch Consulting Engineers. The Boeing bench model receiver
uses air as the heat transfer gas; has Inconel 617 superalloy heat exchanger
panels; and is designed to heat gas to 815°C (1500°F). The Black & Veatch
bench model receiver design uses air as the heat transfer gas; uses ceramic
heat exchanger tubes (SiC); and will be designed to heat air to 1065°C (1950°F).
At this time, ceramic-to-ceramic and ceramic-to-metal joint development is
continuing. If the joint designs are successfully qualified, this second re-
ceiver will be fabricated later this year.

Figure 1 outlines the schedule and phases for the two EPRI central
receiver projects. The major progress to date is the fabrication of a 1-MWt,
bench model receiver by Boeing and their subcontractors (Figure 2). This
unit will be tested initially in Seattle, Washington, and then on June 1, 1978,
it will arrive at the 5-MWt Solar-Thermal Test Facility at Albuquerque, New
Mexico. The solar testing of the receiver, a joint EPRI-DOE test program,
will begin in July and is expected to last throughout the summer.

CENTRAL RECEIVER CONCEPTS 1975 1976 1977 1978

CLOSED-CYCLE SYSTEM (RP377) phése [

Concept Definition *

1MWt Bench Model Receiver
Receiver Testing
Pilot Plant Spec’s

OPEN-CYCLE SYSTEM {RP475) Phase |
Concept Definition ]
1MWt Bench Model Receiver
SiC Joint Testing
Receiver Testing "
Pilot Plant Spec'’s L

Figure 1. Solar Thermal Conversion Subprogram
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Figure 2. Boeing Designed 1-MWt Solar Bench Model Receiver

In addition to the central receiver projects, a smaller effort is answering
specific questions about one distributed receiver concept; this is the General
Atomics fixed mirror solar concentrator. A laboratory testing project is just
being completed to examine the various heat loss characteristics of the re-
ceiver with various materials and design configurations. ‘

A second major objective of the EPRI Solar-Thermal Program is to
assess the value and impact of solar-thermal power plants on electric utility
systems. A number of projects are under way or being completed that sup-
port this effort:

® Requirements Definition and Impact Analysis - A study to
evaluate the technical and economic value of solar thermal
power plants on actual electric utility systems using utility
system tools [ Westinghouse Electric Corporation (RP648)].
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e Environmental Impact Assessments -

(1) Develop and modify a highly innovative methodology to
address problems of environmental impact of solar-thermal
power plants [ Woodward Clyde Consultants (RP551)].

(2) Develop a methodology and assess the environmental effects
of several types of solar energy plants [ Black & Veatch
Consulting Engineers (RP955)].

e Solar-Fossil Hybrid Retrofit - Assess the technical and economic
feasibility of repowering existing oil- and gas-fueled power plants
with solar-thermal rankine and brayton-cycle systems. EPRI,
DOE, West Associates, and specific electric utilities are funding
this effort [ Public Service Company of New Mexico (TPS 77-730)].

e Heliostat Cost Study - An independent assessment of the cost
reduction potential for the four ERDA/DOE developed heliostat
designs [A. D. Little, Inc. (RP1091)].

e Gas Turbine Modification and Test - A test program to address
the technical aspects of operating a commercial gas turbine in
a solar-fossil hybrid mode [Solar Turbines International (RP1270)].

Figure 3 outlines the schedule and phases for the technical assessment
projects in the EPRI Solar-Thermal Program. -

TECHNICAL ASSESSMENTS 1975 1976 1977 1978

REQUIREMENTS DEFINITION
AND IMPACT ANALYSIS (RP648)

Specific Utilities —
Synthetic Utilities [ ]

ENVIRONMENTAL IMPACT
ASSESSMENT

Methodology (RP551) E—
Assessment (RP955)

SOLAR-FOSSIL HYBRID
RETROFIT (TPS77-730) —
HELIOSTAT COST STUDY (RFP) >

Figure 3. Solar Thermal Conversion Subprogram
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10-MWe Scale Pilot Plant

: Included in the EPRI Solar-Thermal Program are plans for a 10-MWe
scale brayton-cycle pilot plant. This plant would have only one quadrant of
the heliostat field, would use fossil fuel as a back-up energy source instead
of thermal storage, and would use a comm’ercially available gas turbine with
an electrical output in the 2. 7-MWe range.

The two EPRI contractors (Boeing and Black & Veatch) now working on
central receiver concepts are also working on pilot plant definition studies.
The presently scheduled operating date for the 10-MWe scale pilot plant is
the first quarter of 1983.

Summary

The EPRI Solar-Thermal Program is a complement to the much larger
federal program, and is addressing those questions specifically related to the
electric utility industry's use of solar-thermal systems. The commitment of
resources, both technical and financial, in support of both the EPRI and the

’ federal solar thermal programs is an indication of interest in seeing these
- systems develop into viable electric power generation resources in the not-
too-distant future.
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FIELD PROGRAM MANAGEMENT

Solar Energy Division, DOE-SAN
Robert W. Hughey

Current DOE management policy is toward decentralization from
Headquarters to the Field. The overall Solar Thermal Power Systems Man-
agement Plan, which has been approved and issued, provides a framework
and guide for decentralization. It describes the roles, responsibilities,
authorities, and relationships of the principal participating organizations in
the Thermal Power Systems Program.

The Central Power Systems Program is in the process of being de-
centralized, consistent with the overall Thermal Power Systems Management
Plan. A functional chart of the principal participants of the Central Power
Systems Program is shown in Figure 1. Under the DOE decentralization
philosophy, the Field Program Manager does not have to be a DOE Field
Office such as SAN or ALO. In some cases, depending on the optimum
matching of field resources to program management requirements, it may
prove most effective to designate a JPL, Sandia, or SERI to be the Field
Program Manager.

In the case of the Central Power Systems Program, a management plan
has been developed which splits the field program management responsibility
between SAN and SLL as shown in Figures 2 and 3. The element of the Cen-
tral Power Systems Program that has been most clearly decentralized is the
10-MW pilot plant. Dick Schweinberg addresses that project and its manage-
ment on page 43 of this report. :
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TPS BRANCH

Program Direction

e.g., Central Power (Kaplan)

DOE FIELD OFFICE

Field Project Management
and Contract Administration
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e.g., SAN
TECHNICAL MANAGEMENT TECHNICAL SUPPORT
CONTRACTOR CONTRACTOR
Technical Management Applications Analysis,
and Monitoring Requirements Definition,
Project Evaluation
e.g., Sandia-Livermore e.gd., Aerospace Corp.
f\\ ”7
~~ -
~ -
it e
OPERATING
CONTRACTORS

e.g., Boeing, Martin,
McDonnell Douglas,
GE, Al

Direct Contracting and Reporting Channels

== == == == === Technical Monitoring and Technical Exchange Channels

Figure 1. Principal Participants - Central Power Systems Program




SYSTEMS DEVELOPMENT PROJECTS

Program Coordination and Contract Administration by SAN;
Technical Management, Supporting Systems Analysis by SLL.
Advanced Central Receiver Systems Project
Solar Hybrid Repowering Project
Solar Central Receiver Hybrid Power Systems Project

Line-Focus Central Receiver Systems Project

Figure 2

COMPONENT DEVELOPMENT PROJECTS

Contract Administration and Technical Management by SLL;
SAN: Maintains Programmatic Awareness, Provides Support As Required.
Heliostat Development
Receiver Development
Energy Storage Development
Electric Power Generation Systems Requirements Definition

Control Systems Requirements Definition and Modelling

Figure 3




THE SOLAR ENERGY RESEARCH INSTITUTE

Charles J. Bishop

The Solar Energy Research Institute's overall mission is to provide
significant support to the national program of research, development, demon-
stration, and deployment of solar energy. A central responsibility in this
effort is to contribute to the establishment of a solar energy industrial base
capable of supporting the widespread commercial use of the technology.

SERI is working toward the creation of a national center of excellence-- -
a resouce dedicated to serving the solar energy needs of the public and in-
dustry. SERI is initiating continuing programs in:

® research,

e analysis and assessment,

e information and education,

e technology commercialization, and

e international solar energy efforts.

In addition, we expect to assume responsibility for the technical monitoring
of a number of existing and planned federal solar R&D programs

We interpret our charter as rather broad. Our programmatic efforts
can be grouped into five general areas:

1. Conducting applied research directed toward the timely
| development of solar energy technologies which have long-
term promise.

2. Participating in an important way in the conception,
evaluation, and development of ihnovative methods for
solar energy conversion.

3. Undertaking further analysis of issues which affect the
near-term utilization of solar energy.
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4., Carrying out efforts designed to reduce remaining
uncertainties associated with solar energy--technical
uncertainties, institutional uncertainties, economic

" uncertainties, and social uncertainties.

5. Developing and implementing methods of providing direct
assgistance to the public and industry--assistance in the
form of information dissemination and technology transfer
designed to facilitate consumer and business decisions
regarding solar energy.

SERI is organized into five operating divisions as shown in Figure 1.
The staff currently numbers 185. Our plans call for a total staff of 300 by
October 1, 1978; and 480 by October 1, 1979 (Figure 2).

SERI is now housed in interim facilities in Golden, Colorado. We
presently have 33, 000 square feet of space. An additional 66, 000 square
feet will be added in summer 1978, when the second building is completed.
The first experimental laboratories will be designed into the building sched-
uled for 1978 completion. The Department of Energy (DOE) now holds an
option on 300 acres atop South Table Mountain in Golden for the possible
site of the permanent facilities.

Our programmatic and operational objectives are becoming more clearly
defined as we continually assess perceptions of SERI's mission (Figure 3).
Clearly, we will be conducting solar energy R&D for all the major functional
solar technologies. Support of disciplines such as materials, corrosion, and
surface physics will be undertaken. Analysis and assessment efforts will
include evaluation of national solar energy programs.

We expect to play an important role in the administration of university
solar energy research programs--including the evaluation of proposals and
the management of contracts. SERI wants to encourage the universities to
get back into the creative mode with respect to solar energy.

The technology commercialization effort includes a technology transfer
program, a program of assistance to business and industry, and a liaison
function--all designed to promote early utilization of solar energy.

SERI has already begun to assume a central responsibility for U. S.
involvment in international solar energy programs--including research,
information exchange, and technology transfer. A recent agreement has
been reached with the Saudi Arabian government to expend $100 million
($50 million by each country) over the next five years for joint solar energy
research and development. SERI will manége that effort the first year.
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Figure 1. Solar Energy Research Institute Organization Chart
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* Conduct Solar Energy R&D

» Evaluate Solar Energy Programs

* Administer Contract and University Research
* Promote Early Utilization of Solar Energy

e Coordinate U.S. Involvement in International
‘Solar Energy Programs

* Establish Solar Energy Information Data Bank
» Conduct Solar Energy Conferences

» Develop Plans for Permanent SERI Facilities

Figure 3. Solar Energy Research Institute Objectives




We are establishing an information data bank and library which we
expect to become the most extensive solar energy information resource in
the nation--indeed, in the world. Utilizing this resource, we should be able
to contribute significantly to the Department of Energy's program of pro-
viding information on solar energy to the public.

We host and conduct solar energy conferences, seminars, and workshops--
those conceived and organized by SERI or DOE and, by request, those which
are part of other efforts.

Finally, we have developed a plan for the permanent SERI facilities
including research laboratories, a conference center, a library, and admin-

istrative facilities.

Several key projects are currently under way although the staff is by
no means complete. The staffing plan, initial task definitions, and FY78
financial plan are all complete. The Mission Definition Report, which details
the mission, philosophy, and goals of SERL why it exists; and what it is ex-
pected to contribute to the national solar energy program, has been completed
and submitted in preliminary draft form to DOE. The Annual Operating Plan,
which describes in greater detail the tasks SERI will undertake in FY78, and
the Facilitites Plan, which will include plans for both the interim facilities
and a preliminary version of what the permanent facilities might look like,
have been submitted for DOE approval.

In summary, SERI is now an operating organization with a team of highly
qualified professionals totally dedicated to the concept of SERI and actively
carrying out its intended mission to contribute significantly to the commercial
development of solar energy.
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SOLAR CENTRAL RECEIVER 10-MWe PILOT PLANT

Department of Energy
Richard N. Schweinberg

Southern California Edison Company

J. Lynn Rasband

Background

At the Seattle meeting in August, 1977, DOE announced the concepts
selected for the pilot plant subsystems and reviewed the project objectives.
In keeping with DOE's increased emphasis on near term reduction of oil and
gas usage, the pilot plant objectives, shown in Table I, now place particular
emphasis on satisfying the technical feasibility and economic data needs for
retrofit applications of solar boilers to existing power plants fueled by oil or
natural gas.

TABLE I
PROJECT OBJECTIVES

Principal Objectives

e Establish technical feasibility of solar thermal power plants of
the central receiver type, particularly for retrofit applications
of solar boilers to existing power plants fueled by oil or natural
gas.

® Obtain sufficient development, production, operating and
maintenance cost data to identify potential economics of com-
mercial solar plants of similar design, especially retrofit
applications of a comparable scale.

i e Determine environmental impact.
Gther Objectives
® Establish system dynamics, stability, and safety.
e Develop industry acceptance of solar thermal systems.

e Stimulate industrial manufacture and further development,

e FEnhance public acceptance,




The pilot plant is a cooperative effort between DOE and the Associates
(Southern California Edison, Los Angeles Dept. of Water and Power, and the
California Energy Commission). The day-to-day management responsibility
has been assigned to a dedicated project office now located in Los Angeles.

Southern California Edison's participation stems from their search for
alternate generating concepts such as geothermal, fuel cells, wind, photo-
voltaic, and solar thermal. Solar thermal is attractive because of the high
insolation available in large, unpopulated desert areas. Solar energy would
be available during peak electric usage periods to help electric utilities meet
maximum power demands, and solar plants would provide the energy without
emitting air contaminants and without using exhaustible energy sources.

Answers to many questions must be known in detail before utilities will

be willing to commit large expenditures to build commercial solar generating
plants. These questions include:

Heliostats

Glass versus support interface

Track accurately versus time
Washing frequency

Potential for cost reduction

Reliability of equipment

Receiver/Boiler

e Temperature cycling
e Tube pluggage/blockage
e Black surface lifetime

e Control system reliability

Thermal Storage

e Fluid life expectancy

® Verification of thermal performance

Turbine-Generator

® Temperature cycling

44




System Requirements

e Overall reliability

® Overall maintenance cost

Subsystems function as team
e Start up/shut down rates
°

Control and mode switching

Extrapolate Economics

e Cost to build plant
® Less associated R&D
° Economy.of scale credits

e Production break-through credits

The pilot plant will provide invaluable experience and data to permit utilities
to understand technical feasibility and to extrapolate capital and operating
costs to project economic feasibility.

The total project costs, shown in Figure 1, are divided between DOE
and the Associates. DOE will fund the solar facilities, and the Associates
will fund the turbine-generator facilities. The 90-day DOE deferral of a
portion of the project's FY78 funding has been lifted and the full $41M has
been restored. Congress has been requested to provide $28M in FY79
obligational authority.

o TOTAL PROJECT . . . . . . . . . $120M
o DEPARTMENT OF ENERGY ., . . . ., $100M
o UTILITY « v v v v v v v v 0 0 $ 20M

Figure 1. Project Costs

The change in the project completion date to September, 1981 (see
Figure 2), is a result of DOE's revised schedule for selecting the solar
facilities designers and the fiscal year funding projected for government
obligations.
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e PRELIMINARY ENGINEERING, DESIGN AND CONSTRUCTION

DOE SELECTS SITE . . . . . . . . . . . JANUARY 6, 1977
DOE SELECTS SOLAR CONTRACTOR . . . . . AUG-SEPT, 1978
START PLANT CONSTRUCTION . . . . . . .. JANUARY, 1979
COMPLETE CONSTRUCTION . . . . . . . . APRIL, 1981
INITIATE PLANT OPERATION . . . . . . . SEPTEMBER 1981

e TESTING PERIOD

5 YEARS

Figure 2. Program Schedule

Plant Requirements

A major effort of the Project Office has been to finalize the overall
plant requirements. One approach to sizing the plant is to assess the hours
of 10-MWe operation possible during various days of the year (see Figure 3).
The benefit from adding additional heliostats to obtain additional hours of
10-MWe operation appears to be of diminishing return above about 1900 helio-
stats. Thermal storage sizing can be tied to accommodating all excess energy
above that to operate at 10-MWe on the best day of the year. Actual Barstow,
California, environmental data (Figure 4) has been assimilated and is avail-
able from Aerospace Corporation.

A dynamic computer simulation of the Pilot Plant is being developed
and will be available for distribution in April, 1978.

The project office has been cognizant of the ASME code-related activities
being performed by Foster Wheeler and the ASME Solar Task Group. It is
anticipated that the pilot plant receiver will be code-stamped to ASME Section I
with supplemental rules applied from Section VIII and Code Case N-47.
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Contractor Selections

The DOE solar facilities design/hardware selections have been initiated.
The process involves evaluation by a DOE board and a selection by the Asst.
Secretary for Energy Technology.

Capital and Operating Cost Comparisons

Figure 5 plots delivered energy versus plant capacity factor for several
alternative generation sources. Capacity factor is the ratio of kilowatt-hours
produced to the kilowatt hours that a plant could produce if operated at maxi-
mum capacity for the entire year. The cost of all alternatives was estimated
using a common 1980 inservice date and levelized annual costs for the plant's

economic life.

ALL ALTERNATIVES ON COMMON 1980 IN SERVICE DATE
COSTS LEVELIZED FOR ECONOMIC LIFE
(I3% COST OF MONEY )
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Figure b. Capital and Operating Cost Comparisons
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Daily ILoad Shape With and Without Solar

Figure 6 shows that with significant penetration (10%) of solar generation

capacity in conjunction with 6 hours of thermal energy storage, approximately
- 10 percent peak demand reductions can be achieved. However, each utility

will have to determine for each particular condition whether it prefers to maxi-
mize energy output by generating as much as possible by not "filling" thermal
storage; or whether it prefers to reserve generating capability until non-solar
hours and accepting less kilowatt-hour production because of the inefficiencies
associated with thermal storage systems.
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Figure 6. Daily Load Shape With and Without Solar
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Environmental Review Process

San Bernardino County has been designated as the lead agency for state
and local environmental review and permitting requirements associated with
the pilot plant. In that role, San Bernardino County representatives have co-
ordinated preparation of environmental impact documentation for use in satis-
fying both federal and state requirements. On December 13, 1977, the
Environmental Review Board (ERB) of San Bernardino County determined that
the Draft Environmental Impact Report for the pilot plant was an adequate
environmental document relative to County guidelines implementing the Cali-
fornia Environmental Quality Act. The ERB further determined that imple-
mentation of the zone change, location, and development plan will not have a
significant adverse affect on the environment.

Following successful rulings by the San Bernardino Planning Commission
and the Board of Supervisors, building and construction permits will be ob-
tained for the pilot plant.

IL.ocal Impacts

Water will be pumped from existing wells located near the pilot plant.
These wells presently serve the existing generating plants and farming
operations on Edison-owned land. It is expected that the pilot plant will use
approximately 220 acre-feet of water per year. This will be supplied by
water diverted from agricultural use and will not require additional pumping
from the ground water basin.

It is anticipated that 50, 000 visitors per year could be attracted to a
Visitor's Information Center with little more publicity than notification signs
on the two nearby freeways. We expect that additional publicity could easily
~increase this by another 50 to 100,000 visitors per year.
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Plant Operating Modes

To date, our engineers have completed heat balance diagrams and flow
and control schematics. The seven following modes of operation are being
planned:

Mode 1 - Collector and receiver systems powering the turbine-
generator system.

Mode 2 - Collector and receiver systems powering the turbine-
generator system and simultaneously sharing thermal
storage system.

Mode 3 - Collector and receiver and thermal storage systems
all powering turbine-generator system.

Mode 4 - Collector and receiver charging thermal storage system,
while thermal storage powers turbine-generator system.

Mode 5 - Collector and receiver systems charge thermal storage
system only. ‘ :

Mode 6 - Thermal storage system powers turbine-generator system.

Mode 7 - Collector and receiver systems power turbine-generator
system, while charging thermal storage system; thermal
storage system also powers turbine-generator system
(transitional mode for other modes).
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THE TECHNICAL AND ECONOMIC ASSESSMENT OF
SOLAR HYBRID REPOWERING

Public Service Company of New Mexico
J. D. Maddox

Contract No. EG-77-C-03-1608
Contract Value - $812, 000

The Public Service Company of New Mexico (PNM) is performing an
investigation of the solar hybrid repowering concept for the Department of
Energy. This concept (Figure 1) consists of placing solar hardware adja-
cent and connected to existing gas and oil-fueled electric generation units to
displace a portion or all of the fossil fuel normally used during daylight hours.
The 12-month study will assess the technical and economic viability of the
concept as applied to a PNM system located in the Southwest. Results of the
study will enable DOE to assess the desirability of constructing a demon-
stration plant within the PNM service territory.

N SOLAR Y
ENERGY AND/OR FOSSIL FUEL

(OPERATING FLEXIBILITY) ﬂ

EXISTING
POWER PLANTS
FOR ELECTRIC GENERATION

Figure 1. Hybrid Repowering Concept
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As shown in Figure 2, the project is approximately on schedule with
a slight delay in Tasks 1100, 1200, and 1600, as technical efforts are being
slowed by contractual issues. Task 1100, the Market Survey and Cost Bene-
fit Analysis, has obtained a 75 percent survey response to date; out of 80
utilities addressed, 60 have responded. The results, presented in Table I,
indicate a solar repowering market exists in the nine-state area in excess of
10,000 MWe. With respect to utility interest in solar hybrid repowering,
out of 53 utilities electing to respond, only 26 had considered solar power
generation as a future alternative. After an explanation and consideration of
the solar hybrid repowering concept, 48 out of 51 utilities which elected to
respond on this issue indicated their interest. Specifically, they answered
positively that they would be interested in participating in a solar hybrid re-
powering plant program if financial incentives made it equivalent to existing
generation alternatives. A cost benefit analysis to identify the benefits of the
total market has been initiated.

MONTHS
Oct. Nov. Dec. Jan. l Feb. Mar. April May June July Aug. Sept.

1100 Market Survey and
Cost/Benefit Analysis I
1200 Study Unit Selection

1300 Conceptual Design and ‘
Cost Estimates

TASKS -

1400 Unit Economic Analysis

1500 Program Planning,

Future Phases
1600 Program Management *

Milestones

Study Requirements/Guidelines
and Selection Criteria Defined

Central Receiver
Program Evaluation

Market Evaluation Complete

Physical Data Base Established

Conceptual Design for DOE Review

Selected Concept for Unit
Economic Analysis

Technical Plan for Future
Phases Complete

|
|
I
I
I
I
I
PNM Study Unit Selected I
I
I
I
I
|
I
|

Finaf Report

Figure 2. Schedule and Milestone Status For Solar Hybrid Repowering Study




TABLE I
MARKET EVALUATION SUMMARY

NUMBER
CATEGORY OF UNITs TOTAL MWe

POTENTIAL MARKET SIZE (RATED MWe)

LITERATURE SURVEY 755 40,954

UTILITY SURVEY 251 18,414
SOLAR REPOWERING POTENTIAL (EFFECTIVE MWe)

BASED ON LAND AVAILABILITY 251 10,494

AND (2500 FT. FROM PLANT 192 7031

AND )»50% REPOWERING 70 4577

AND  UTILITY INTEREST 70 4577

Task 1200, the Study Unit Selection, is under way. Requirements and
guidelines for the selection are listed in Table II. The PNM system has been
surveyed and these 13 items have been applied to various units within the
system. Candidate plants most likely for a large-scale steam rankine cycle
repowering demonstration appear to be the Reeves and Person Units, which
have ratings varying from 22 to 66 MWe and consist of seven units. The
generation planning department of PNM will address the init and system im-
pacts and the optimum fit of solar repowering into the utility grid.

The market survey identified a typical candidate plant for solar hybrid
repowering based upon the large number of utility responses received. The
plant characteristics and historic plant data are given in Table III.

Task 1300, Conceptual Design and Cost Estimates, is approximately
five percent under way. A general arrangement of the plant has been estab-
lished. The solar system design has been initiated, as has the assessment
of modifications to existing equipment. Table IV presents the repowering
conceptual design approach. The plant operating modes, the EPGS arrange-
ment, computer modeling, piping interfaces, control system, and water
treatment criteria are being addressed.
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TABLE II

SOLAR HYBRID REPOWERING PROJECT
CANDIDATE UNIT SELECTION CRITERIA

UNIT TYPE, LOCATION, AND RATING

ADJACENT LAND AVAILABILITY/ SURROUNDING STRUCTURES
DATE CONSTRUCTED

UNIT CONDITION / REMAINING USEFUL LIFE
INSOLATION AND CLIMATEOLOGICAL CHARACTERISTICS
FUELS USED / FUEL OPTIONS

TURBINE TYPE / OPERATING CONDITIONS

PLANT OPERATION /AVAILABILITY REQUIREMENT
SOLAR / FOSSIL INTERFACES

CURRENT USE / PLANNED FUTURE USE
ENVIRONMENTAL IMPACTS

SITE CHARACTERISTICS / TERRAIN

SAFETY

TABLE III

TYPICAL CANDIDATE PLANT
FOR
SOLAR HYBRID REPOWERING

® PLANT CHARACTERISTICS

TYPE NON-REHEAT STEAM TURBINE UNIT
RATING 10 TO 50 MWe
TURBINE INLET 850 PSI/900°F

® HISTORIC PLANT DATA

YEAR BUILT 1950 - 1960

UNIT CONDITION GOOD

CURRENT USE INTERMEDIATE /PEAK
LOCATION RURAL

ESTIMATED RETIREMENT BEFORE 2000
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TABLE IV
REPOWERING CONCEPTUAL DESIGN APPROACH

* Solar System Based on 1TOMW Solar Central Receiver
* Reeves Station Unit-2

e Approximately 50% Repowering

e Preliminary Collector Field Layout

e Definition of Possible Plant Operating Modes

* Preliminary EPGS General Arrangements

¢ Computer Modeling of Basic Fossil/Solar Cycle
to Provide Heat Balance Data

e Cycle Piping Interface Location
® Minimum Change to Existing Plant Control System

¢ Water Treatment System Design Based on
Once Through Boiler Requirements

Figure 3 is a schematic of the Reeves Unit 2. The repowering system
will require the addition of the No. 6 and No. 7 feedwater heaters, an addition-
al feedwater pump, various interconnecting piping from the first- and second-
stage turbine extraction ports, and feedwater and steam lines to and from the
solar receiver. A steam attemperator and moisture separator will be included
to minimize solar thermal transients and assure steam quality.

Under Task 1600, Program Planning for Future Phases, additional
utilities have been requested to join PNM in a supporting or advisory capacity
to the study. It now appears that approximately 60 utilities will be enrolled
in either the supporting or advising utility program.

A preliminary schedule (Figure 4) has been deve'loped for the solar
hybrid repowering demonstration. The detailed design work is based on a
50 percent repowered 50-MWe oil-fired unit. Construction may be completed
in three years, and demonstration of the facility could occur three and one-
half years after initiation of the detailed design. The potential for more rapid

heliostat production is being investigated and may accelerate this schedule.
1
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Figure 4. Preliminary Schedul‘e - Hybrid Repowering Demonstration .
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CONCEPTUAL DESIGN OF SODIUM-COOLED ADVANCED
CENTRAL RECEIVER POWER SYSTEM

Atomics International
McDonnell Douglas
Stearns-Roger
The University of Houston
Salt River Project

T. Springer

Introduction

The use of liquid sodium as a heat transport medium in an advanced
central receiver concept is being studied by a team consisting of Atomics
International (prime contractor), McDonnell-Douglas, Stearns-Roger, The
University of Houston, and Salt River Project. The purpose of this study is
to determine the technical and economic advantages of this concept for com-
mercial-scale power plants.

The basic configuration is depicted in Figure 1. In this particular
arrangement, sodium is pumped up to the receiver where it is heated. The
sodium then flows down the tower, through a pressure reducing device, and
into a large storage tank located at ground level. From this tank, the sodium
is pumped through a system of sodium-to-water steam generators. The steam
generator system consists of a separate superheater and reheater operating
in parallel and an evaporator unit operating in series with the other two units.
The sodium flowing from the evaporator tank is piped to a cold storage tank
and then pumped up to the top of the tower to complete the cycle. The steam
generated in the steam generators is fed to a conventional 'off-the-shelf, "
high-efficiency turbine. The steam loop operates in a conventional rankine
cycle with the steam generators serving the same purpose as a conventional
boiler, and water being fed to the evaporator with conventional feedwater
pumps. The pressure reducing device (a standard drag valve, for example)
serves to mitigate the pressure caused by the static head of sodium, and thus
allows the large tanks to operate at ambient pressure conditions.
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_Figure 1. Sodium-Cooled Advanced Central Receiver Power System

There are several advantages to the sodium-cooled system. First, the
heat transport fluid remains in the liquid state at all times; therefore, control
of the system is simpler, and there is not a large density change between in-
let and outlet. Second, liquid sodium is a very good heat transfer material;
consequently, the receiver can be made smaller, and the heat flux can be
substantially higher. Third, the heat transport fluid can also serve as the
heat storage material in some cases, and operation from storage can be ac-
complished under the same thermodynamic conditions as would exist when
operating directly from the receiver. In addition, the receiver, which is sub-
ject to varying heat input, can be totally decoupled from the power cycle.
Finally, the sodium system is capable of providing steam to a turbine at
temperatures and pressures commensurate with or exceeding modern steam
plant requirements and can conveniently incorporate a reheat cycle. These
advantages are offset, to some extend, by the need for some additional pieces
of equipment not necessarily required by a water/steam system. However,
the cost of these additional items is more than compensated by the substantial
increase in system efficiency.

The technical approach adopted on this program was to establish a
reference baseline configuration and then perform various subsystem and
system-level trade studies and parametric analysis in order to evaluate
various potential improvements. As superior subsystems are identified on
the basis of cost, performance, and operating characteristics, the reference
baseline configuration is updated. In this way, a preferred commercial sys-
tem configuration can be developed, designed, and evaluated on the basis of
economic merit.
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Some of the performance data for the reference baseline configuration
that was used to initiate this program are given in the column labeled "base-
line configuration - 6 hours' in Table I. This reference baseline was adopted
on the basis of a study conducted by The University of Houston, McDonnel-
Douglas, and Atomics International under a grant made in 1976 to The Uni-

versity of Houston (see Semiannual Review Reports SAND 77-8011 and SAND
77-8513).

Two major changes in this reference configuration required in the light
of the specifications provided by DOE were made during the first few weeks
of the program. The changes consisted of reducing the solar multiple from
1.66 to 1. 5 and using a storage time of 3 hours instead of 6. The new con-
ditions are delineated in the column in Table I labeled "advanced baseline -

3 hours. " This is the reference configuration against which parametric
analyses were initially compared on the program.

TABLE 1

ADVANCED CENTRAL RECEIVER
BASELINE DATA
SUMMARY
(1976 DOLLARS)

CONFIGURATION
INITIAL INITIAL
SYSTEM PARAMETER UNITS BASELINE BASELINE
(6HR) (3 HR)
ELECTRIC NET POWER Mwe 100 100
GROSS POWER MWe 113 113
CYCLE EFFICIENCY % 39.5 395
RECEIVER SOLAR MULTIPLE - 1.66 150
NOM. THERMAL POWER MWt 286 286
MAX. THERMAL POWER MWt 474.9 429
STORAGE OPERATING TIME “hr 6 3
(100% POWER)  gnpRgy MWt-he 1.610* 805*
QUANTITY OF SODIUM 106 kg (108 Ib) 15.3 (33.6) 7.6 {16.8)
HOT TANK — VOLUME  103m3 (103#3) 19 (68) 9.6 (340)
EPG TURBINE IN PRESS. MN/m?2 (psig) 13.8 (2,000} 13.8 (2,000)
SUPERHEATER TEMP. oC (9F) 538 (1,000) 538 (1,000)
REHEATER TEMP. oC (OF) 538 (1,000) 538 (1,000)

*INCLUDES REDUCTION IN NIGHT PARASITIC POWER TO 6 MWe
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Parametric Analysis

Single Tower/Multitower

Solar central receiver power plants with a single receiver and tower .
were compared to those having multiple tower arrangements. In all cases,
there was a single turbine and generator. The multiple tower configurations
were joined by horizontal piping runs that contained the sodium heat transport
fluid. Both external and cavity receivers were considered, and thermal loss
models for these receivers were calculated. It was found that a single tower
with an external receiver had a relative cost of 107.2 $/ MWt-hr while that of
a cavity receiver plant was 128.8 $/MWt-hr, or 20.1% greater. The cavity
receiver has much lower thermal losses (5. 2% versus about 11.0%). How-
ever, the external receiver plant has a shorter tower, a much smaller
receiver, and a reduced collector size. Design studies of various sodium-
cooled cavity receivers showed them to be large and complex with a signifi-
cantly higher cost. Thus the external receiver was chosen for future studies.

Thermal Energy Storage

The baseline thermal storage system consists of an all-sodium concept
with a single hot tank and a single cold tank. This concept was selected over
concepts that use multiple tanks and single tank thermocline systems using
sodium and some heat sink material such as iron. These alternative concepts
did not show an economic advantage, and in addition, the sodium thermocline
systems did not provide complete decoupling between the receiver and the
steam generator units such as is provided by the all-sodium storage system.
Alternative storage fluids in the thermal storage system, such as draw salts,
also have been considered. While the cost of draw salt is attractive, the
added heat exchanger to interface with the sodium system and the added cost
of the steam generator unit more than offset the low cost of the material it-
self. A draw salt-to-water steam generator requires increased heat transfer
area over that of a sodium-to-water unit due to the poor heat transfer proper-
ties of draw salt.

Other thermal storage concept studies are continuing.

Electric Power Generating Subsystem -

The initial baseline turbine generating system includes a standard
100-MWe net reheat design operating at 15.2 MN/m2 2200 psig with a throttle
“temperature of 538°C (1000°F), a reheat temperature of 538°C (1000°F), and
a gross cycle efficiency of 39.5%. Many alternative turbine cycles were
studied to determine the cost and performance contribution due to reheat,
throttle pressure, throttle temperature, reheat temperature, and number of
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feedwater heaters and last-stage turbine blade length. The study included
the effect of turbine cycle efficiency on collector, receiver, and thermal
storage subsystem size. The comparison of costs and benefits showed that
performance improvements associated with reheat more than offset the added
cost in the turbine unit and the added cost of the sodium reheat unit. The
steam generator arrangements considered included (1) a once through unit
without reheat; (2) separate evaporator and superheat units without reheat;
and (3) separate evaporator, superheat, and reheat units. The latter two
arrangements require a steam separator drum to ensure that water does not
enter the superheater unit. Figure 2 shows a summary curve giving plant
capital cost increments as a function of sodium loop temperature difference
for various turbine inlet pressures. All curves in this figure are for 538°C
(1000°F)-superheat and 538°C (1000°F)-reheat temperatures. The figure
shows the minimum cost to occur for a 12.4 MN/m?2 (1800-psig) turbine sys-
tem with a sodium loop temperature difference of 305°C (550°F). The turbine
cycle arrangement selected consists of an 12.4 MN/m2 (1800-psig) reheat
system with 538°C (1000°F) reheat, which gives a cycle efficiency of 43.1%.
The revised baseline characteristics described in the next section reflect
this improvement in cycle efficiency.

PLANT CAPITAL COST INCREMENT, $106

16.6 (2400) B
7
10 (1450)
3 —_——
12.4 {(1800)
4 1 ] 1 1 1 1 1
250 260 270 280 290 300 310
I | I
(450) (500) (550)

SODIUM LOOP AT, OC (oF)

Figure 2. Summation of Plant Capital Cost Increments
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Master Control Subsystem

The master control subsystem for the advanced central receiver using
liquid sodium is similar in many respects to the one required for the water/ -
steam system. The major differences relate to the impact of the series
thermal storage concept. The large thermal mass in series effectively de-
couples the receiver and its coolant loop from the steam generator loop. -
Insolation conditions are, therefore, not reflected in steam quality; there is
a single source and single quality of steam, Also, from the reverse viewpoint,
the receiver loop is isolated from turbine/generator transients so that receiver
operation is not affected by the steam load.

A major task of master control in the water/steam system is sequencing
the system through mode changes in response to insolation changes. The
system decoupling described above simplifies this sequencing function. The
mode change activities for master control in the advanced concept are pri-
marily startup and shutdown sequencing and decision-making regarding the
amount of energy remaining in storage.

Figure 3 indicates the preliminary conceptual master control system
configuration. Subsystem process control is accomplished with a process
controller system based on distributed digital technology, interconnecting on
a redundant data base. Controller microprocessors implement standard .
process controller functions, integrate well into a computer-directed system,
and easily allow such features as self-checking, alarm on failure, and auto-
matic redundant takeover. -

PLANT CONTROL
& DISPLAY CONSOLE

]

1Lt [N il

MASTER

CONTROL
_ W] COMPUTER
7
e
/ i
- REDUNDANT DATA BUS
BACKUP DATA
compuTeER [P BASE
<
N
\\ .
COLLECTOR | . RCVR T/s S EPGS/BOP
COMPUTER PROCESS PROCESS PRaTESS PROCESS
CONTROLLERS | | CONTROLLERS| |contnoriors| | CONTROLLERS

Figure 3. Conceptual MCS Configuration
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The master control computer operates the system in a supervisory
manner through the process controllers. Its functions, in addition to direct-
ing operations, include monitoring, logging, alarming, and computation for
control decisions and reporting.

The master control computer, the collector subsystem computer, and
the backup computer all tie to a common data level. This arrangement
facilitates transfer of information among the three machines and allows the
backup computer to take over, as needed, from either the master control or
the collection computers.

Collector Subsystem

The collector field for the sodium-cooled central receiver plant is a
single, 360-degree array that is north-biased. There are 18, 596 square
heliostats that measure 6.5 x 6.5 m on the sides. The total field area is
2.97 x 105m2 of which the mirror area is 7.05 x 105m2, such that the glass
area density is 23.7%. The annual collectable energy is 1.20 x 106 MWHt,
which is about 4.80 x 109 MWHe. The heliostats have a radial stagger ar-
rangement. The aim strategy with respect to the receiver is single-point
aim at the receiver equator.

The mirror surface is second surface silvered float glass with a

reflectivity of 91.0%. The combined standard deviation of the mirror aiming
accuracy is 3.0 milli-radians.

Sodium Loop

The sodium loop consists of two basic parts: (1) the energy absorbing
part, which supplies sodium to the receiver from the cold sodium storage
tank, absorbs the insolation energy gained by the receiver and transports it
to the hot sodium storage tank; and (2) the energy utilization part, which
transports the energy from the hot sodium tank to the steam generator com-
plex and returns the thermal energy remaining in the sodium to the cold
storage tank. This arrangement permits the sodium system temperatures
to remain constant during power operation, thus avoiding excessive thermal
stress cycling, which is one of the basic factors that usually determines the
design life of sodium components.

The relatively high elevation of the receiver generates a significant
static pressure in the sodium piping at the base of the tower. This pressure
must be contained, dissipated, or used to economic advantage or minimum
economic disadvantage. The various alternatives considered were as follows:
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1. A closed system that accepts the hydraulic pressure in the
storage tanks. Because of the large size of these tanks, pressure-
containing tanks become very expensive.

2. A gystem utilizing an isolating heat exchanger was rejected
because the heat exchanger cost exceeds the savings from recover-
ing the head.

3. A system utilizing the turbine in the downcomer connected to a
pump in the riser is attractive, but operating cost economics are
small and tend to be overshadowed by the development cost.

4. Elevating the storage tank to allow the elimination of the steam
generator pump proved to be uneconomic.

Commercial Plant Configuration

Based on the above subsystem studies, the revised baseline commercial
plant configuration continues to be represented by a single tower field with the
reflected radiant energy absorbed by a cylindrical external receiver. The
storage system is the hot and cold tank all-sodium concept, though additional
tradeoff studies on other storage concepts are continuing. In addition to other
storage concepts, longer duration storage periods are being considered. The
studies confirmed that the reheat cycle was cost effective and that the optimum
sodium temperature between the hot tank and the cold tank is 305°C (580°F),

The turbine inlet pressure was lowered to 12.4 MN/m?2 (1800 psig) with a super-
heat and reheat temperature of 538°C (1000°F) and 538°C (1000°F), respectively.
The improved gross cycle efficiency of 43.1% is incorporated in the revised
baseline characteristics given in Table IIL

Process and Instrumentation Diagram

A summary process and instrumentation diagram is shown in Figure 4.
The basic control strategy for the sodium system is to match the heat re-
moval rate to the insolation rate and maintain the sodium loop temperature
differences approximately constant. Except for unusual operational options,
it is planned to operate the plant at near full power during the day. Sodium
from the cold storage tank at 288°C (550°F) is lifted to the tower by the re-
ceiver pump, P-1, which operates at constant speed. Reverse flow on loss
of pump power is prevented by means of the stop-check valve. Flow modula-
tion is by means of the receiver trim valves shown at R-1. The valve setting
is determined by the panel outlet temperature signal. This same signal sets
the drag valve to maintain the sodium level in the elevated surge tank con-
stant. A trim signal from the level gauge provides final level control. The
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TABLE II

ADVANCED CENTRAL RECEIVER
CURRENT BASELINE DATA
SUMMARY
{1976 DOLLARS}

CONFIGURATION
REVISED
ADVANCED
. SYSTEM PARAMETER UNITS BASELINE
{3 HR)
ELECTRIC NET POWER MWe 100
GROSS POWER Mwe 112
CYCLE EFFICIENCY % 43.1
RECEIVER SOLAR MULTIPLE 1.50
NOM. THERMAL POWER MWt 260
MAX., THERMAL POWER MWt 390
STORAGE OPERATING TIME hr 3
(100% POWERI  gneRgy MWt-hr 740"
QUANTITY OF SODIUM 106 kg (108 1h) 6.99 (15.4)
HOT TANK — VOLUME 103 m3 (103 113) 8.82 (316)
EPG TURBINE IN PRESS. MN/m?2 (psig) 12.4 {1,800)
SUPERHEATER TEMP. oC (oF) 538 (1,000)
REHEATER TEMP. oC {°F) 538 (1,000}
"INCLUDES REDUCTION IN NIGHT PARASITIC POWER TO 6 MWe.

R-1 P-1 T1 T-2 P-2 X-1
SODIUM COOLED RECEIVER PUMP LOW TEMPERATURE HIGH TEMPERATURE STEAM GENERATOR EVAPORATOR
RECEIVER 305 m {1,000 ft) TDH SODIUM TANK SODIUM TANK PUMP 34190C (646°F)
429 MW 1.3 m3/sec 2880C {5500F) 590°C {1,100°F) 61 m (200 ft) TDH 15 MN/m2 (2,200 psia)
(1.5 x 109 BTU/hr) (20 x 103 gpm) 8,700 m3(2.3x 106 gal) 9,500 m3 (2.5 x 106 gal) 1.0 m3/sec (15 x 103 gpm) 156 MW

3 hrs FULL POWER 0.7 Mw (900 H.P.)

4.7 Mw (6,300 hp)

X-2
SUPERHEATER
5400C (1,000°F)
12.9 MN/m2 (1,865 psig)
79.7 MW

Ar X-3
REHEATER

540°C {1,0000F)

3.2 MN/m3 (463 psig)
AT MW

— — — % TURBINE

— - TURBINE

= = TURBINE

PURIFICATION
SYSTEM

J.: L BOILER FEED PUMPS

Figure 4. Sodium Advanced Central Receiver
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sodium leaves the receiver at a constant 593°C (1100°F) temperature and

flows through the pressure reducing (drag) valve and fills the hot storage

tank, T-2. (Forty-five percent of this pressure drop is recovered at heat. )
Sodium at 593°C (1100°F) is pumped from the hot storage tank to the steam
generator complex by means of the steam generator pump, P-2. This pump
is driven by a modified Kramer drive and runs at synchronous speed except
during startup and periods of off-normal operation. The sodium flows through
the superheater, reheater, and evaporator, and then returns to the cold tank,
T-2. The flow into the hot tank, T=-1, normally exceeds the outflow, and thus
energy is accumulated. Up to three full-power hours of energy may be accum-
ulated in this way. If, during the power day, the insolation power falls below
turbine input requirements, the level in the tank will fall while the power to
the turbine remains approximately fixed. If necessary, it is possible to oper-
ate at reduced conditions. On night standby, the receiver is drained to the
tops on the panel trim valves. The remaining components remain filled with
sodium and are maintained at temperature.




ADVANCED CENTRAL RECEIVER CONCEPT FOR SOL.AR
THERMAL CENTRAL POWER SYSTEMS

Boeing Engineering and Construction
(A Division of The Boeing Company)

J. B. Schroeder

The baseline system for the Boeing study is shown in Figure 1. The
unique features of this concept are:

1‘

i 2.

The use of a closed brayton-cycle electric power generation
system.

The use of sensible heat for energy storage.

- The goal of the program is to develop the minimum cost (both capital
and energy) plant design for a 100 MWe capacity located at Barstow, California.
This goal is to be achieved by:

1.

2.

Making parametric trade studies at the subsystem level.
Selecting a preferred set of subsystems for the plant.
Optimizing the plant design.

Determining the operational performance of the plant.

Preparing a development plan for a 10 MWe demonstration
plant.

i - Currently, the subsystem parametrics are being completed.
|

The major subsystems shown in Figure 1 are discussed briefly to
‘ indicate the scope of the tradeoff studies and present sample data.

Both glass and plastic heliostats are being considered. The major
differences between these two heliostat concepts are the improved reflectance
of the glass mirrors and the reduced cost of the plastic heliostats. The field

(
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efficiency for the required field size is being treated parametrically for a
specified plant size, field layout, pointing accuracy, and unit cost for the
Barstow insolation.

To take advantage of the capabilities offered by the brayton cycle, it
is necessary to employ the maximum possible turbine inlet temperature. A
baseline temperature of 820°C and the heat transfer fluxes possible for gase-
ous working fluids necessitate a cavity-type receiver. Figure 2 compares .
the efficiencies of internal (cavity) and external receivers for several heat
exchanger flux levels. Reasonable heat exchanger designs can handle fluxes
up to a few hundred kW/m2. As shown in Figure 2, these low fluxes are
incompatible with high efficiencies for the external receiver but not for the
internal or cavity receiver.

Efficiency of external receivers Efficiency of internal receivers
Average absorbed 10— Average tube wzall heat flux
09 — heat flux 7~ 25 kw/m* {175 ft)
100 kw/m? {87 f1)
09l 200 kw/m? (62 ft)
g sl g I
§ 850 kw/m? 2 25 ki 2)\
] w/m
35 (30 ft) £
] - 08— =——
E E - — ——
‘g 0.7~ -E T~ ~
§ - 100 kw/m2 A -
2 £ 4= 200 kw/m
5 s0kwim? | §| 07 —e—m
{60 ft) " e
06— 2 -
160 kw/m* (70 ft) 80% of tube heat flux due to direct or «——
reflected solar {rest is |.R.)
06 0% of tube heat flux due to direct or
05 L reflected solar (all is due to |.R. from walis)
| ! | 1 ! | 1 1 1 1
1,000 1,200 1,400 1,600 1,800 1,000 1,200 1,400 1,600 1,800
Tube wall temperature, °F ‘ Tube wall temparature, °F
(Constant along length)
« solar = 0.92 Neaglects convection losses Assumptions
€ IR =086 n= « . T Tube — wall = 0.60
4 ) Aperture diameter = 65 ft

€g 4
1 +W‘TT - TamB Aperture radiates as black body

Figure 2. Comparison of Internal and External Receivers For the
Brayton-Cycle Plant

Figure 3 shows the cost of the receiver tower as a function of height. .
This cost curve, derived by Stone and Webster for Boeing load specifications,
is governed by the earthquake specification and would be reduced if a less
hazardous area had been selected for the test site.
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Figure 3. Receiver Tower Cost As a Function of Height (Zone 3 Earthquake Criteria)

A brayton-cycle electric power generating subsystem offers the
potential of greater efficiency, and hence lower cost than the conventional
steam rankine cycle. Figure 4 shows examples of the operating performance:

being supplied by United Technology Research Center for our parametric
studies.

Figure 5 shows the sensible heat storage subsystem. MgO bricks
appear to be the most effective storage media. In order to minimize the
parasite pumping losses, the storage tank is segmented so the hot gas only
flows through a portion of the total tank at any time. The cost of storage is
shown as a function of storage for two different increments of storage.

The above parametric studies are ending and cost data are being gener-

ated. However, it is premature to present the cost data at this time, as all
of the data are not yet available.
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- Subcontract:United Technologies Research Center
- Typical results for close-cycle air turbine, TIT = 820°C (1500°7F) '
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Figure 4. Brayton-Cycle Electric Power Subsystem Performance
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CONCEPTUAL DESIGN OF ADVANCED CENTRAL
RECEIVER POWER SYSTEMS

General Electric Company

R. M. Salemme

The objective of this solar thermal electric study is to develop an
advanced central receiver power plant design which offers the potential for
significant cost reduction with respect to the water/steam cooled receiver
system currently under development by the Department of Energy. A num-
ber of subsystem alternatives have been considered, and an approach which
combines a sodium cooled receiver with thermal storage and a steam power
generation cycle has been selected.

As indicated in Table I, this work is being done under a contract with
the Department of Energy which began on February 1, 1978. The contract
work schedule is shown in Figure 1. Task 1 has been completed, and the
parametric analysis is in progress. Cost and performance data for the ad-
vanced central receiver commercial plant design will be available near the
end of October, and the final report is scheduled to be issued by the end of
January, 1979.

The organization that has been assembled for this program is identified
in Table II. General Electric Corporate Research and Development has the
prime responsibility for the contract effort, and is directing the program and
- performing all systems integration required to coordinate the efforts of the
other team members. Other General Electric departments are contributing
their expertise to the program, and the effort is being supported by the Foster
Wheeler Development Corporation, Kaiser Engineers, and the Solar Energy
Laboratory of the University of Houston.

Table III summarizes the power plant design concept on a subsystem
level. A high efficiency steam turbine cycle has been specified for the
electrical power generation subsystem. The selection of steam turbine in-
let conditions of 2400 psi and 1000°F with a 1000°F reheat represents a
departure from the typical inlet condition of 1800 psi and 950°F with a 950°F
reheat for a fossil fired steam plant of 100 MWe capacity. This difference
is dictated by economic factors unique to solar thermal power generation
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TABLE I

CONCEPTUAL DESIGN OF ADVANCED
CENTRAL RECEIVER POWER SYSTEMS

DOE Contract No.: EG-77-C-03-1725

Objective: To demonstrate the potential for reducing the cost
of electricity produced in a solar central receiver
power plant

Contract Value: $675K

Start Date: 1 February 1978

Period of Performance: 12 Months

Feb | Mar | Apr | May | }Jun Jul Aug | Sep | Oct Nov | Dec Jan
1978 1979

Task 1 - Review of
Specifications 77

Task 2 - Parametric
Analysis

Task 3 - Concept
Selection m
Task 4 - Conceptual Design
of Commercial Plant

Task 5 - Assessment of Com-
mercial Plant Concept

Task 6 - Development
Plans

Task 7 - Program
Plan (222

Task 8 - Reports J
and Data Zr ]
Task 9 - Program

Management

Task 10- Safety
Analysis

Figure 1. Conceptual Design of Advanced Central Receiver Power
Systems Program Schedule -
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TABLE II

PROGRAM ORGANIZATION

General Electric Company

Corporate Research & Development Program Management, Technical Direction
and System Integration

Fast Breeder Reactor Department Receiver, Storage
Energy Systems Programs Department Heliostats
Medium Steam Turbine Department Steam Cycle

Electric Utility Systems Controls, Assessment
Engineering Department

Foster Wheeler Development Corporation | Absorber Panels,
Storage Vessels

Kaiser Engineers Storage Vessels, Receiver Tower,
Plant Arrangement

University of Houston Heliostat Field Optimization
Solar Energy Laboratory

TABLE III

POWER PLANT DESIGN CONCEPT

Electrical Power Steam Turbine-Generator
Generation Subsystem:

Receiver Subsystem: Liquid Metal Cooled Tubed Panels
| Storage Subsystem: Sensible Heat
Collector Subsystem: High Flux Focusing
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which require an electrical power generation subsystem that maximizes
efficiency, whereas the fossil selection strategy is based on a different set
of economic factors.

The receiver and storage subsystems employ liquid sodium as the heat
transfer medium. This selection was made as a consequence of the very
favorable heat transfer properties of this material which permit accommoda-
tion of high thermal fluxes at high temperatures and the storage of thermal
energy at high temperature. Consequently, the receiver can be designed as
a smaller unit, which reduces its weight, cost, and thermal losses; also,
the size of the storage subsystem required to store a unit volume of energy
can be reduced. Furthermore, because thermal energy is withdrawn from
storage in the form of high temperature liquid sodium, the steam turbine
can be operated at the full rated throttle inlet condition during most of the
storage discharge cycle. An additional advantage of the concept of using
liquid sodium as the heat transfer medium derives from placement of the
steam generators at the base of the tower where a reheat cycle becomes
practical. The opportunity to improve steam cycle efficiency is not practical
when steam is generated directly in the receiver.

This design approach has been integrated into the generalized power
plant concept shown schematically in Figure 2. In it, a field of heliostats
concentrates solar energy onto a high flux liquid sodium cooled receiver.
Thermal energy is transported down the tower to a secondary liquid sodium
heat transfer loop. An intermediate heat exchanger (IHX) isolates the high
pressure of the primary loop at the bottom of the tower from the secondary
loop. Thus the storage vessels, steam generators, and piping need not be
designed to handle high-pressure liquid sodium.

Liquid sodium from the hot leg of the secondary loop flows to the steam
generators and/or storage and is returned to the IHX at approximately 630°F.
During periods when sunlight is not available, hot sodium is withdrawn from
the storage subsystem and is used to generate steam. For a substantial
fraction of the discharge period, liquid sodium would be available at full de-
sign temperature, and steam conditions would remain unchanged.

On the steam side of the system, steam is superheated to the high-
pressure turbine inlet condition of 2400 psi and 1000°F. The high-pressure
turbine exhaust is reheated to 1000°F, passed through the reheat turbine,
and then through the low-presssure turbine. Extraction steam provides
feedwater heating as in the case of a fossil fired plant.

The final selection of component and subsystem specifications will
result from a parametric analysis being conducted as the initial step in this
study. The items being considered in this portion of the study are listed in
Table IV. The major collector subsystem decisions will involve the selec-
tion of a heliostat and field configuration. The basis of this selection will be
the unit cost of thermal energy delivered to the base of the tower.
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Figure 2. Reference Advanced Central Receiver Power Systems

TABLE IV
SUMMARY OF PARAMETRIC CASES

1300 F Peak Sodium Temperature

Subsystem or Component Options
- Heliostat ® GE-Enclosed Heliostat
* McDonnell Douglas Heliostat
Heliostat Field * North Field
* 360° Field
Receiver * 1100 F Peak Sodium Temperature
|
|
|

Hot Sodium

Hot Sodium Plus Iron
1100 F Peak Temperature
1300 F Peak Temperature
Factory-Assembled Tanks
Field-Assembled Tanks

Thermal Storage

Steady Steam Conditions (Sodium)
* Declining Steam Temperature (Sodium Plus Iron)

Steam Cycle
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The selection of receiver temperature will depend primarily on
materials considerations. An upper temperature limit of 1300°F has been
identified based on a preliminary selection of Inconel 625 as the hot leg ma-
terial of construction. The suitability of this material at 1300°F must be
confirmed by a detailed engineering analysis and testing.

The objective of the thermal storage parametric analysis is to identify
a minimum cost approach that will permit turbine operation at full design
inlet conditions over a major fraction of the discharge cycle. Storage at
1300°F would be preferred but must be confirmed as in the case of the re-
ceiver, and an analysis of vessel fabrication techniques will identify the
lowest cost construction 