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ABSTRACT 

MASTfR 

An overview of the line-focus concentrating solar 

collector technology and applications will be presented. 

Included will be a description of the collectors, some 

of the key features of the engineering approach, 

instantaneous and all-day performance and operating 

data, tempe r ature capabilities and limitations for 

selected collectors, projected future capabil i ties for 

peak and annual performance. Projected system capital 

costs and annualized life cycle costs for thermal 

energy produced will be discussed. Several existing 

application projects which employ line concentrating 

collectors will be reviewed, and finally, plans for 

future DOE-funded line concentrating collector projects 

will be described. 
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LINE-FOCUS CONCENTRATING SOLAR COLLECTORS 

.· 
Solar collectors may be categorized in three classes: 

flat plate collectors~ line concentrating collectors, and point 

focusing collectors. Th~ most widely used kind of line-focusing 

collector today, and that which typifies the class, is the 

parabolic trough. 

The parabolic trough consists of a reflecting concentrator 

of parabolic cross-section and a receiver tube located at the 

concentrator focal line through which a heat trarisfer fluid flows. 

As the heat transfer fluid travels ~hrough a series of collectors, 

it is gradually heated by focused solar radiation. Parabolic 

trough collectors find application in the midtemperature regime 

which ranges from as low as 80°C to an upper bound of perhaps 

450 to 550°C. Below this range, the ability of the flat plate 

collector to capture diffuse radiation begins to dominate, and 

at the high-temperature end of the scale, the high concentration 

ratiri of the central receiver or dish-type collectors makes them 

more cost effective even though they are inherently more expensive. 

The bulk of the R&D and most current applications for troughs are 

in the 100-300°C range. 

Reflective surfaces on troughs consist of either polished 

aluminum, metallized plastic films, or silvered glass. Polished 

aluminum is available, in~xpensive, durable~ easy to clean, and . 
easy to form to the parabolic shape, but relatively poor in 

specular reflectance. Metallized (usually aluminized) films are 

also available, inexpensive, easy to apply_, and have better 

specular reflectance than polished-aluminum, but are easily damaged, 



more difficult to clean, and have less durability than aluminum or 

glass~ Silver~d glass is durable, easy to clean, and has the highest 

·specular reflectance of any candidate material, but it is difficult 

to apply to the parabolic shape, is presently expensive in configura

tions which can be applied, and is frequently not readily available. 

DOE is supporting substantial R&D directed toward thin, sagged, 

laminated, or strengthened silvered glass for solar collectors. 

Receiver tubes·are usually formed of carbon steel or stainless 

steel, but for lower temperature collectors, copper is sometimes 

used. A selective coating is virtually mandatory for line 

conceptrating collectors because of th~ir relatively high operating 

temperatures and relatively low co~centraiion ratios. Electro

deposited black chrome is the coating presently used by most 

manufacturers. Black chrome has good optical properties {a = 0.95, 

£ 300 oc = 0.25), is relatively inexpensive to apply, and with 

recently developed techniques, shows promise for acceptable long

term stability in air or vacuum at temperatures· to 400°C. 

Except for applications at the low end of the temperature 

range, receiver tubes must be enclosed in a glass envelope to 

minimize convective l·osses. The glass must be resistant to 

thermal· shock and must have high optical transmi~tance; this is 

especially important at nonnormal incidence angles. Borosilicate 

glass has been selected by most collector designers and has proved 

adequate. Work·is continuing, however, in .. mate.rials technology 

directed toward improved optical quality and anti-reflective 

coatings for glass envelopes. Any improvement here will have a 

first-order effect on collector performance. 



Significant reductions in thermal los~ can be achieved by 

evacuating the volume inside the glass envelope. However, achieving 

a receiver design which incorporates a cost-effective, long-term 

vacuum seal has been, and continues to be, a challenge to the 

qevelopers of advanced technology. An effective dust seal is, 

however, very important to prevent the infiltration of air-borne 

dust inside the glass envelope. Such dust is very difficult and 

costly to remove and seriously reduces the transmittance of the 

envelope. 

The performance of line concentrating collectors is being 

measured at the Collector Module Test Facility (CMTF) at Sandia 

National Laboratories, Albuquerque, and at two recently qualified 

commercial test facilities, DSET, near Phoenix, Arizona, and Wyle 

Lab in Huntsville, Alabama. Typically, the measurements consist 

of peak efficiency, all-day efficiency, incident angle effects, 

and thermal losses all as a function of temperature over the range 

from 100°C to 300°C • 

. The first generation collectors peak efficiency measurements 

at 300°C have ranged from percentages in the mid-40's to the mid-SO's. 

Second generation collectors currently on test have raised the peak 

performance standards into the low 60% region primarily by increasing 

concentrator accuracy and incorporating silvered glass (Figure 1). 

Advanced collectors which employ silvered glass, very accurate 

concentrators, and m~nim~m loss receiver designs incorporating 

an evacuated annulus may approach 70% peak efficiency. With 

this performance capability, an annual energy output of 1200 

kWhthlm2 (0.4 MBTU/ft 2 ) based on Albuquerque Typical Meteorological 
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Year (TMY) data may be expec~ed. For comparison, the annual output 

based on TMY data from Omaha, Nebraska, a close to average solar 

resource location,-would be _690 kWhth/m2. 

Field application projects using parabolic troughs which were

designed and built in the 1978 and 1979 time frames. cost approximately 

$1000/m2 of installed collector aperture. In 1980, the detailed 

cost estimates for completely installed industrial proces& heat 

systems are running $400-$500/m2 of installed aperture; this is the 

complete cost for a turn-key system. 

Figure 2 shows the progression of energy cost steps which are 

planned in the future technology development process. Note that the 

equivalent cost of energy from ~ current solar industrial process 

heat (I~H) system based upon an installed system cost of $400-$500/m2 , 

nominal annual performance of 750-850 kWhth;m2 (0.25 to 0.28 MBTU/ft 2;. 

yr), and current (not exaggerated) economic parameters lies in the 

range from 6 to 10¢/kWhth ($16 to $28/MBTU). This 1980 accomplishment 

is well within the window which had been previously defined. It is 

expected that the development Qf modular 6T strings for line concen

trator systems and of modular system designs will enable a great 

deal of thP. construction work currently uone on-site to be done in 

a manufacturing environment and will significantly reduce the overall 

installation and construction cost. This step, which should begin in 

the early 1980's, should reduce the total installed system cost below 

the $300/m2 level. With systems costing less than $300/m2 and the 

development of a moderate set of financial incentives, midtemperature 

industrial process heat using line-focus concentrators will be 

competitive with the upper ranges of heat ~rovided by oil and natural 

gas in the mid-1980's. 

. .... ,. ... 
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As the market for parabolic ~roughs develops, mass production 

technology will be employed, and it is expected that systems can be 

deployed for $130-$150/m2 (MOD n2 in Figure 2). Without the aid of 

any significant economic incentives, these systems can produce 

thermal energy which costs less than 2¢/kWhth ($5/MBTU) (1980 $): 

this produ~t should compete strongly with the full rarige of fossil 

fuel alternatives in reasonably sunny climates of the u.s. 

Several application projects employing line concentrating 

collectors are in operation, under construction, or in design. 

Many of these projects feature concentrators operating at relatively 

low temperature for heating and cooling applications. With the 

more advanced state of technology development, and with improved 

system reliability resulting from experience in application projects, 

designers aie utilizing troughs rather than flat plate collectors 
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collectors more frequently; even in relatively cloudy areas with a. 

high solar diffuse components. Notable examples of such applications 

are a 1900 m2 parabolic ·trough installation by Honeywell on their 

headquarters building in Minneapolis, a 2300 m2 trough system by 

Suntec at the Control Data Corporation also in Minneapolis~ a 2300 m2 

and a 700 m2 trough system under construction by Jacobs-Del on the 

Georgia Power Company office building in Atlanta, and at the 

Vete.ran's Administration Hospital in Albuquerque, respectively. 

Several other projects employ higher performance troughs for more 

elevated temperature loads such as irrigation systems, electric 

power generation, ~rocess steam, or other midtemperature industrial 

process heat applications. Table 1 comprises a summary of many of 

these projects. 

Future projects which are now in the planning or solicitation 

phase include a Solar Enhanced Oil Recovery project, a series of 

modular solar industrial process heat projects (MISR), and a series 

of modular solar total energy projects. 
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PROJECT NAME LOCATION 

Heating and Cooling Projects 

Georgia Power Co. 
Control Data Corp. 

Honeywell, Inc. 
Sky Harbor School 
VA Hospital 

. At.lanta, GA· 
Minneapolis, MN 

Minneapolis, MN 
San Antonio, TX 
AlbuquerqUe, NM 

Industrial Process Heat Projects 

Campbell Soup Co. 
West Point Pepperell, 

Inc. 
Johnson & Johnson Co. 

Home laundry Co. 

Dow Olemical Co. 

Lone Star.Brewery 

Ore-Ida Food, Inc. 

Southern Union 
Iefining Co. 

Stauffer Chemical 
Caterpillar Tractor 

Co. 
US Steel Chemical 

Corp. 
Bates Container, Inc. 

Irrigation Projects 

Shallow Well 
Irrigation 

Solar Irrigation 

Sacramento, CA 
Fairfax, AL 

Sherman, TX 

Pasadena, CA 

Dalton, GA 

San Antonio, TX 

<:ntario, OR 

Lovington, NM 

Henderson, NV 
San leandro, CA 

Haverhill, OH 

Ft. WOrth, TX 

· Willard, NM 

Gila Bend,· AZ 

Electric Power Projects 

150 kW Solar 
Irrigation 

500 kW Small Solar 
Power System 

Coolidge, AZ 

Almeria, Spai.n 

COIJ..EC'IOR FIELD· 
SIZE & MANUFACTURER 

2300 m2 Jacobs~Del 
2300 m2 Suntec 

1900 ~2 Honeywell 
520 m

2 
Solar Kinetics 

670 m Jacobs-Del . 

270 m2 Acurex 
770 m2 Honeywell 

1040 m2 Acurex-

600 m2 Jacobs-Del 

930 m2 Suntec 

880 m2 Solar Kin~tics 

880 m2 Suntec 

940 m2 Solar Kinetics 

980 m2 Suntec 
4680 m2 Solar Kinetics 

· 468o rr? soJ..a·~ Kinetics 

3200 m2 Solar Kinetics 

STATUS 

in construction 
operational early 

1980 
operational 1979 
operational 1979 
operational late 

1980 

operational 1978 
operational 1978 

operational early 
1980 

operational late 
1980 

operational late 
1980 

operational late 
1980. 

operational late 
1980 

operational early 
1981 

design completed 
in construction 

in construction 

in construction 

620 m2 Acurex operational 1977 
650 m~ Solar Kinetics 
450 m Hexcel operational 1977 

2140 m2 Acurex 

4000 m2 Acurex 

operational 1979 

in construction 

TABLE 1 - MIDTEMPERATURE APPLICATION PROJECTS FFA'IURING 
PARAOOLIC TROUGH COLLECTORS 




