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FOREWORD 

Supported by Systems Development Division, Office of Solar Applications, 
DOE, this report summarizes the results of SERI work in systems analysis, 
economic analysis, and application studies for solar thermal industrial 
process heat. The_ report, performed under task numbers 3403, 3424, and 
3473, also describes research plans in applications and system studies for 
fiscal year 1980 and the general direction of application-oriented research 
at SERI in the future. 

The dedication and excellence of SERI staff who have contributed to this 
program should be evident from the accomplishments of the applications 
and systems study program. We are indebted to D. W. Kearney, IPH Pro
gram Leader, for the effective management and personal style that has fa
cilitated this work. We are particularly grateful to DOE's Agricultural and 
Industrial Process Heat Branch for the considerable freedom and consistent 
support that have made this program not only possible, but fruitful. 

Ap{>roved for: 

SOLAR ENERGY RESEARCH INSTITUTE 
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SECTION 1.0 

INTRODUCTION 

The effective use of alternative energy technology in industry will depend, to a large ex
tent, on the successful recognition, development, and implementation of appropriate ap
plications for alternative energy supply. Because solar energy competes with many other 
suitable, and perhaps more flexible, energy delivery systems, it is important that applica
tions be chosen to maximize competitive advantages. This requires that issues of loca
tion, temperature needs, schedule, fuel price, fuel availability, and environmental con
straints be fully explored to identify applications for solar energy. It also necessitates 
that system design and engineering initially satisfy the requirements of the most appro
priate applications and that systems development continue to respond to market needs as 
these needs develop. This communication between market needs and technology research 
and development has been the traditional purview of the systems analyst. Where empha
sis in a program is on the effective introduction of a technology in an application, as in 
the introduction of solar energy to industry, the program must be heavily motivated by 
market needs as interpreted by system and application analysis. 

The Solar Energy Research Institute (SERI) initiated efforts in applications and systems 
studies for solar industrial process heat (IPH) in early 1978. Since that time, the program 
has produced key findings regarding the industrial marketplace, has analyzed and evalu
ated numerous solar IPH system configu-rations, and is extensively expanding its applied 
research in application identification, model development, and system design. These 
studies are a key element of the diversified solar industrial [)rogram at SERT and are fun-
damental to a unified approach toward solar application to industrial energy needs. · 

This report highlights some of the more important aspects of the industrial systems and 
applications study program. The work completed during fiscal years 1978 and 1979 is re
viewed and the program of study for fiscal year 1980 is presented. In addition, the report 
concludes with a summary of issues that should be addressed by the Institute in future 
years. 

SECTION 2.0 

1978-1979 PROGRAM SUMMARY 

Systems analysis activity during fiscal years 1978 and 1979 was carried out in two major 
SERI tasks. Effort during 1978 was directed toward the creation of methodologies and 
data which could be used to identify national markets for sollir industrial process heat 
systems. This work was extended and diversified in 1979 under a separate task designa
tion. This task was a combination of efforts in related areas, continuing certain aspects 
of work initiated in 1978 and embarking upon studies in other fields. Five areas of study 
were emphasized, as described here. 
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2.1 APPLICATIONS ANALYSIS 

During 1979 work was completed on a major project initiated in 1978 known as "industrial 
process end-use matching." The methodology which was developed in this project pro
vides a means of analyzing the relative merit and feasibility of industrial process and so
lar system combinations in a variety of geographical locations. The results of such anal
yses determine advantageous near-term solar IPH applications. The codes and data bases 
(shown in Fig. 2-1) provide not only the automation required for a large-scale feasibility 
analysis, but also the flexibility necessary for various sensitivity and case studies in par
ticular locations and for specific industrial processes [1]. 

During 1978 it became increasingly clear that the lack of specific and extensive data on 
industrial process heat demand in many U.S. cities limits the effective national applica
tion of end-use matching. However, the codes which were developed (PROSYS/ 
ECONMAT) are extremely useful in smaller-scale studies when ample data is available. 
PROSYS (for PROCESS HEAT SYSTEMS MODEL) is a solar thermal system performance 
valuation code. The code uses the input specifications of a given industrial process (such 
as required temperature, heat rate, and heating mechanism) to model solar IPII systems 
in a t•auge of sizes for all appropriate collector types. The average annual system energy 
output is calculated using the method of .Rabl and Oollares-Pereira [2] for the given loca
tion and system size. ECONMAT (for ECONOMIC ANALYSIS AND MATCHING) uses 
output from PROSYS to calculate total system costs for the given location and to calcu
late the life-cycle costs of the system in the given application. The economic analysis 
provides either net present value, payback, or levelized cost of the solar system as -a 
measure of cost-effectiveness and then lists the system and industry combinations which 
are most attractive in each location. 

To obtain the detailed process data required by PROSYS/ECONMAT, an in-depth analysis 
of several industries was undertakP.n in 1979 to supplement publisht:!<.l energy use data 
with actual data obtained during site visits. Industries for this analysis were chosen on 
the basis of near-term potential for solar IPH. Site visits were made to fluid milk dair
ies, bakeries, paint manufacturers, nonferrous fnundries, and wet corn inimug plants. In 
HdcHtion, detailed process information was collected on the petroleum refining industry, 
providing more thorough estimates of typical refinery heating loads and plant character
istics [3]. The ability of solar IPH systems to satisfy actual and typical loads was then 
determined for all 26 SOLMET sites. [SOLMET and SOLDA Y are the solar resource data 
sources that have been adopted as standards for all Department of Energy (DOE) anal
yses. The data is based on rehabilitated 20-year records from the Na.tional Weather Ser
vice and is available for 26 cities in the United States.] The results were mapped to in
dicate application suitability for immediatP. and future installations [41. 

In the preceding analysis process, a number of improvements in PROSYS/ECONMAT 
were implemeuled. For .. example, shading loss and heat extraction effieiency factor~ 
were addP-d to imptove (he accuracy of the performance code PROSYS. The eGonomic 
routines in ECONMAT were revised to provide both a ranking based on unit capital ca
pacity cost [$/(MBtu/yr~ and an optional net present value analysis. More recently, sev
eral options for the calculation of payback or break-even fuel price were added. These 
improvements, together with graphic output capability (as seen in l"ig. 2-2) augment the 
effectiveness of lhe codes for sensitivity analysis and case studies. The develop·ment of 
PROSYS/ECONMAT will continue in 1980, culminating in the publication of a user's 
manual and code documentation during the summer of 1980. · 
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2.2 CASE STUDIES 

Specific data on industrial energy use is necessary as a check on the results of computer
ized end-use matching. The importance of this specific data spurred the creation of the 
highly successful industrial case-study program in 1978. Following two successful indus
trial case studies in luggage manufacturing and commercial laundering, six more detailed 
studies were concluded in 1979 and another two studies were initiated. The pur.pose of 
the industrial case studies is to give SERI staff the opportunity to encounter design issues 
typical of actual IPH installations, including those of limited land availability, unusual 
operating schedules, conservation opportunities, and process reconfiguration. At the 
same time, .SERI assists plant engineers interested in an initial assessment of solar suit
ability to their facility. 

A case study is initiated with a plant visit and energy audit. The energy audit often in
volves numerous iterations with plant personnel to resolve data discrepancies; therefore, 
a single plant may be visited several times. New measurements often are required. Af
ter the plant energy balance is determined, suitable processes for solar application are 
identified. Solar collector systems are sized for the process, evaluated, and then as
signed a cost using PROSYS/ECONMAT. The viability of an investment in the solar IPH 
system is determined using the specific financial criteria supplied by the plant manager. 
Investment opporttmity is evaluated on the basis of net present value, which is conven
iently summarized with respect to various competing fuel p~ices as shown in Fig. 2-3. 
The analysis of conservation opportunities is one·of the most important aspects of a case 
study. In many of the studies completed in 1979, conservation opportunities offered 
greater economic returns than the installation of a solar IPH system, while in certain 
cases, the implementation of energy conservation measures in concert with solar system 
installation offered the most attractive returns. 

Industries investigated in the case-study program include paint resin manufacturing, 
meatpacking, baking, dairies, metal cont:B.iner manufacturing, oil recovery, and corn mill
ing. Future studies will include, among others, the flexible packaging industry and potas
sium chloride purification [5]. 

2.3 FIELD PROJECT DATA ANALYSIS 

Uniform collection and analysis of operating and cost data from IPH field experiments is 
an important aspect of the Department of Energy's (DOE) IPH Field Engineering Test 
Program. Accordingly, at the request of DOE, SERI collected performance and cost data 
on the six operating IPH field tests (three hot water projects and three hot air projects) 
and reported on the comparative performance, cost, and operating experi.ences of the six 
projects in their first year of operation. In addition, SERI provided guidelines for data 
acquisition in future projects, including the preliminary specification of a uniform data 
acquisition system (DAS). 

Existing DAS and data c~tegories used by the six operating IPH field tests and the pro
posed low-temperature steam projects were compared to a set of data specifications 
compiled by resource, materials, and engineering specialists at SERI. Discussion with 
IPH contractors and with DAS equipment suppliers were held to specify reasonable guide
lines for DAS hur·dware and data categories. These guidelines were presented to contrac
tors in the SPIPS Program (Solar Production of Industrial Process Steam), which is one of 
several engineering field test and demonstration programs sponsored by the Office of 
Solar Applications, DOE. Cost and economic standards were. introduced in a separate 
effort coordinated with this subtask (see Sec. 2.5). 
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Visits to the six ·operating IPH field tests were made in 1979.* The data gathered was 
analyzed, compared, and summarized by SERI. In general, it was apparent that although 
solar system availability was good, use of the solar system was significantly lower than· 
expected, thus reducing effective annual energy delivery. In addition, thermal leakage 
and parasitic power requirements tended to reduce net system efficiency. As a result, 
net annual system efficiency in many IPH projects was less than half of that predicted. 
Certain system design improvements and common problems were identified in the 
study. This important effort will continue in FY80 under a separate task designation [6]. 

2.4 COMMUNICATIONS 

One goal of the systems and applications study program is to support technology com
mercialization through information dissemination and communications. The SERI Com
munications Branch analyzed the most immediate needs of the IPH Program during 1979 
and formulated a plan for increasing the exposure of prospective solar users in industry 
to research and analysis advances at SERI. One result of the 1979 communications pro
gram was publication of the brochure Putting the Sun to ·Work in Industry, [7] first intro
duced at the Sixth Energy Technology Conference in Washington, D.C., in Feb. 1979. The 
pamphlet has proven extremely successful, with well over 9,000 copies distributed since 
the first printing. The success of this effort, as well as the encouraging response to 
features concerning IPH in SERI's monthly In-Review, are crucial to the success of SERI 
industrial programs and will be supported in 1980. 

In addition to projects in the SERI Communications Brnnch, media relations and audio
visual presentations were coordinated with the SERI Public Information Office (PIO). In 
particular, PIO helped to prepare a 15-minute color slide program and script on solar IPH 
for case-study and site-visit teams. The slide program was warmly received by industrial 
audiences and has since been requested by several Regional Solar Centers for their 
activities. 

2.5 GENERAL SUPPORT 

Formal task activities reflect only a part of the effort in applications and system study 
for solar IPH. Several major nontask activities deserve special mention: 

• Standard Economic Analysis- The 1978 Solar IPH Conference requested a stand
ard means of cost reporting and economic analysis for contractors, users, ana
lysts, and government officials. SERI, in cooperation with Lawrence Livermore 
Lab ora tory in Livermore, Calif., developed such a procedure manual [8]. 

• Industrial Energy Data Collection - At the suggestion of McDonnell-Douglas' As
tronautics Co., SERI volunteered to chair a meeting of DOE laboratories and 
contractors interested in industrial energy-use data collection. Held in Los 
Angeles on 28-29 Nov. 1978, this meeting resulted in an informal agreement 
among 20 laboratories and contractors to share data gathered on plant ·visits and 
interviews and to assemble this data at SERI in a standard format for 

*These projects include: Campbell Soup, Sacramento, Calif.; L&P Foods, Fresno, Calif.; 
LaCour Kiln Service, Canton, Miss.; Gold Kist Foods, Decatur, .Al.R.; Riegel Textiles, 
LaFrance, N.C.; York Building Products, Harrisburg, Pa. 

9 
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cooperating organizations. At present, SERI has compiled R list of 152 industrial 
interview contacts [9]. 

• Solar Production of Industrial Process Steam (SPIPS) - At the request of DOE's 
San Francisco Operations Office, SERI hosted the Conceptual Design Review for 
seven high-temperature steam project contractors on '23-25 Jan.· 1979. Subse
quently, two SERI staff members were named to the SPIPS Technical Advisory 
Board. 

• Program Planning Support - Task personnel throughout the year supported pro
gram planning and review at DOE. For example, a Commercialization Readiness 
statement was prepared for the IPH Resource Manager -in connection with the 
National Plan for Accelerated Commercialization (NPAC). Staff members also 
upheld the SERI .Technology C:ommercialization Division in the review uf NPAC 
planning and presented a briefing to the NPAC Steering Committee on 5 Apr. 
1979. 3ERI wvt·ulrmte(l th~ prPpAration of an overview briefing 011 ::;ul~:u· IPH for 
the Office of Energy Technology and :sul.mdlled a summary of major issues in 
support of IPH program planning for DOE. 

• Regional Center Support - Through involvement in NPAC, SERI led in advising 
Regional Centers on appropriate activity in solar IPH and in helping to coordi
nate regional efforts. SERI was invited to serve on the Source Evaluation Board 
for the Mid-America Solar Energy Complex· solicitation on industrial applications 
identification. In addition, staff members helped to organize and contribute to a 
meeting of regional representatives on 26 Sept. 1979 to informally discuss coop
erative programs in solar IPH. 

SECTION 3.0 

1980 PROGRAM 

Resources for the 19SO applications and systems study program for solar IPH are approx
imately three times as great as for 1979, allowing an expanded and more vigorous pro
gram in this important area of -research. Successful programs such as the industrial case 
studies will be more heavily supported in 1980 than in the past, while important new 
fields of research in generic systems, innnstrial parks, and 6ystcm ~mt R.nalysis will ut:~ 
iuitil:tled. The FY80 program will concentrate on the five key areas described in this 
sP.c>t.i on. · 

3.1 PERFORMANCE MODELS 

The computer codes PROSYS/ECONMAT developed by.SERI to evaluate solar IPH appli-
~ cations have been used extensively in applications analysis, parametric sensitivity stud

ies, and case studies. It is anticipated that the software will be heavily employed in se
veral new SERI studies. Because of the continued use of the software and its significant 
role in diverse studies, it is important to maintain a high level of accuracy in the model. 
Thus, the model will be reviewed and improved, and the data bases appropriately ex
panded. To extend the use of the software, a user's manual will be prepared. Regional 
centers are interested in the PROSYS/ECONMAT software for use in analyses of local 
solar industrial potential. A package containing a user's manual, codes, and data bases 

10 
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can be distributed to the regional centers to assist these efforts. A method for evaluat
ing and validating PROSYS/ECONMAT and other IPH codes (SOLSYS, SOLTES, etc.) 
should be proposed if reliability in performance models is to be sustained .. Therefore, 
support will be given to model validation efforts coordinated by the inter-laboratory Sys
tems Simulation and Economic Analysis working group. Tests of PROSY-S/ECONMAT 
will be conducted according to the standards developed by this group. 

3.2 GENERIC SYSTEMS 

As a logical extension of the applications analyses performed using PROSYS/ECONMAT 
during 1978 and 1979, a closely related area of research will be initiated in 1980. A feas
ibility analysis of the concept of standardized or "generic" solar systems will be per
formed under subcontract to SERI, based upon the premise that more competitive solar 
IPH systems might be designed as package entities (collector, transport, storage, control) 
for standard classes of duty (such as hot water l20°F-200°F). Such systems could be de
signed, installed, and sold much like conventional boiler equipment and thus benefit from 
equipment standardization and performance optimization. From past experience with 
actual IPH studies, one can select one or two generic load categories that are applicable 
to a large number of industries. The advisability and feasibility of the "generic system" 
will be analyzed with respect to both technical and marketing issues. 

3.3 INDUSTRIAL CASE STUDIES 

The highly successful industrial case study program will expand in FY80. Several more 
case studies will be completed during the year. _These case studies provide insight into 
the opportunities for and constraints on solar energy in actual industrial plants; also, they 
advertise IPH to potential users and yield a realistic comparison of solar and conserva
tion alternatives for industry. Attention will be focused on designing and recommending 
integrated systems concepts that will incorporate process reconfiguration and conserva
tion measures while illustrating the implementation of solar energy •. 

./ 

3.4 COST ANALYSIS 

The fourth major effort supports the Technology Characterization Task of the SERI 
Planning, Analysis, and Social Science Program. The objective of the Technology Char
acterization Task is to assign typical cost and performance estimates to all solar tech
nologies in order to provide DOE decision makers with a consistent comparative data 
base on energy technologies. The solar process heat program greatly needs a thorough 
analysis of current and expected system costs. Fortunately, the program benefits from 
cost information from field experiments as well as from research and design reports. 
Cost information will be gathered in a standard format from the completed IPH 
engineering field experiments (IO projects). This data, together with other information, 
will be analyzed to elucidate the current state of solar IPH costs and the near-term po
tential for design cost reduction. In addition, cost analysis will yield information on real
istic expectations for future system cost reduction and guidance on design modifica
tions. Cost analysis reports in this subtask will support both the Technology Character
ization Task and the IPH Field Test Monitoring Tasl<. 

' 
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3.5 IPH SYSTEMS IN INDUSTRIAL PARKS 

Since the concept of the industrial park evolved in Great Britain 83 years ago, a large 
portion of new industrial development has been funneled into areas dedicated to indus
trial use and characterized by large landscaped areas surrounding low-rise structures.* 
To meet national goals for displacement of nonrenewable industrial fuels (2.6 quads by 
the year 2000) one must consider the role of solar energy in tomorrow's industry, not just 
today's. Industrial park development will probably continue to be common throughout the 
remainder of this century; therefore, it is crucial that the application of solar energy to 
plants within industrial parks be investigated. 

Industrial park applications for solar energy appear to offer several advantages. For in
stance, land availability, particularly in developments that will employ solar energy, 
should be less constraining. Load demand among several plants may have a more uniform 
distribution and allow for greater solar. system use than in a single plant. Process recon
figuration in the initial planning of an industrial park may enhance solar viability as 
might the economics of larger scale systems. Finally, it may be possible to cooperatively 
institute unique, lower cost financing arrangements. 

This subtask will locate U.S. industrial parks and investigate development trends. Indus
trial park energy use will be determined, and typical demand profiles and appropriate so
lar design possibilities will be characterized. Solar energy will be viewed from the per
spective of an integrated solution to future energy problems; i.e., the use of solar IPH, 
solar cogeneration, solar electric power, or solar space heating sytems will be analyzed 
and compared to select the most appropriate configuration and .combination of alterna
tives. Process redesign and conservation will be incorporated. The entire spectrum of 
solar technologies will be considered to select the appropriate use of the solar resource. 
Although the preanalysis will focus on general issues, two specific industrial parks will be 
selected for a detailed and practical analysis of these concepts. The actuai cases, as in 
the IPH case studies, provide a necessary test of general hypotheses and contributed to 
the Institute's credibility with the industrial user. 

SECTION 4.0 

:FUTURE PLANS 

The applications and systems study program introduces two important new concepts. 
First, it is clear that the national program in solar energy must turn toward future pat
terns of energy use, instead of focusing on various versions of the present scenario. This 
will be especially important in the industrial sector. For example, one very promising 
application of solar IPH identified in several past studies is the supply of heat at approx
imately 190° F to electroplating baths. Recent advances in chemical electroplating tech
nology, such as cold chemical plating, may make heated electroplating baths obsolete and 
thereby eliminate the potential for solar substitution in this market. However, energy 
availability problems in wet corn milling operations have caused plant personnel to seri
ously consider reduced throughput rates and lower temperature operation to 

*In 1978 alone, over $4 billion was invested in new plant construction and expansion in the 
southeastern United States, representing over 40 new plant starts, many of them within 
industrial park areas. 
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accommodate either solar energy or cascaded energy streams. SERI's investigation of 
solar potential in new industrial plant construction (as proposed in the industrial parks 
study) is a first step in preparing solar en~rgy for tomorrow's markets. 

The second concept is an overall approach to industrial energy use. An industrial engi
neer is not interested in programmatic boundaries or technologically biased analyses. 
Responsible for efficient and reliable production, he wants only the best solution to his 
energy problem. Solar studies should identify the optimal combination of systems and 
technologies for a specific job and, hence, should be considered "industrial energy sys
tems studies" and not simply ''IPH studies" or "solar thermal IPH studies." As proposed in 
the industrial parks study, SERI will select from an array of solar technologies and sys
tem configurations to meet industriAl plant needs. Attention will also be given in each 
study to process reconfiguration, conservation, and to interactions between solar supply 
and conventional energy systems. 

These two concepts epitomize the direction of future SERI programs in systems analysis 
for industrial solar energy. Specifically, SERI has emphasized the following areas in its 
Institutional Pian: 

• Assemble a comprehensive guide to industrial solar energy systems that distills 
the experience in integrated system design for the benefit of plant engineers in
terested in an assessment of solar energy for their facility. 

• Continue the development of innovative system concepts (for example, packaged 
units) and innovative applications (su~h as industrial parks). 

• Cultivate a resident expertise particularly through the case study program to re
spond to design problems in solar applications in industry. 

• Implement cooperative programs with industrial users and with solar equipment 
suppliers to identify promising applications of solar energy. 

• Support the extension of design and simulation codes and attendant cost analysis 
codes to enable the aforementioned work to b~ accomplished. 

SECTION 5.0 
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