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1. INTRODUCTION

1.1 SCOPE. This course presents design criteria and cost analysis methods for the

sizing and justification of solar heat collectors for potable water and space heaters.

Information is presented to enable engineers to understand solar space conditioning

and water heating systems or conduct feasibility studies based on solar collector

performance, site location, and economics. Both retrofit and new installations are

considered.

1.2 RELATED CRITERIA. Standards and performance criteria relating to solar

heating systems have been evolved by government agencies and various associations

and institutes. The most widely used are listed below. Because solar technology is a

continuously evolving field, be aware that publications listed below may have been

revised or superseded.

Subject

Solar Collector Instantaneous
Performance

Thermal Storage Devices

Complete Solar Collector
Performance Evaluation

Testing Solar Hot Water
Heaters (includes Thermo-
syphon, Batch, Breadbox, or
Integral Storage Collectors)

Testing Swimming Pool Solar
Collectors

© J. Paul Guyer 2012

Document

ASHRAE Standard 93-77, "Methods of
Testing to Determine the Thermal
Performance of Solar Collectors"

ASHRAE Standard 94-77, "Methods of
Testing Thermal Storage Devices Based
on Thermal Performance"

National Bureau of Standards, NBSIR
78-1305A, "Provisional Flat Plate Solar
Collector Testing Procedures: First
Revision"

ASHRAE Standard 95-81, "Methods of
Testing to Determine the Thermal
Performance of Solar Domestic Water
Heating Systems"

ASHRAE Standard 98-80, "Methods of
Testing to Determine the Thermal
Performance of Unglazed Flat-Plate
Liquid Solar Collectors"



Testing Tracking Concentrator
Collectors

Solar System Performance

Property Standards for Solar
Systems

Property Standards Developed
for HUD Domestic Hot Water
Initiative

Solar Collector Certification
and Labeling
Solar Collector Certification,

Rating, and Labeling

Building Code

Overall Standards Summary

Installation Guidelines
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Solar Energy Industries Association,
"Methodology for Determining the
Thermal Performance Rating for Tracking
Concentrator Solar Collectors”

National Bureau of Standards, NBSIR
76-1187, "Interim Performance Criteria
for Solar Heating and Cooling Systems
in Commercial Buildings"

HUD Report 4930.2, "Intermediate
Minimum Property Standards Supplement,
Solar Heating and Domestic Hot Water
Systems"

National Bureau of Standards, NBSIR
77-1272, "Intermediate Standards for
Solar Domestic Hot Water Systems/HUD
Initiative"

ARI Standard 910, "The Air Conditioning
and Refrigeration Institute (ARI)
Certification Program for Solar
Collectors"

Solar Energy Industries Association
Standard, Directory of SRCC Certified
Solar Collector Ratings

Council of American Building Officials
DOE/CS/34281-01, "Recommended
Requirements to Code Officials for Solar
Heating, Cooling, and Hot Water Systems"

National Bureau of Standards, NBSIR
78-1143A, "Plan for the Development and
Implementation of Standards for Solar
Heating and Cooling Applications"; or
"ASTM Standards on Solar Energy", ASTM
Committee E-44

National Bureau of Standards, NBS Tech.
Note 1134, "Guidelines for the

Installation of Solar Components on Low
Sloped Roofs"; and Dept. of Energy,



"Installation Guidelines for Solar DHW
Systems in One and Two-Family Dwellings";
and

National Bureau of Standards, NBSIR
80-2116, "Dimensional Considerations in
Solar Installations";

and

Sheet Metal and Air Conditioning
Contractor National Association, Inc.,
"Installation Standards for One and Two-
Family Dwellings and Multifamily Housing
Including Solar"”

Solar Materials and Dept. of Energy, DOE/TIC-11374 "Solar
Components Heating Materials Handbook"; and
National Bureau of Standards Technical
Note 1132, "Solar Energy Systems -
Standards for Cover Plates for Flat Plate
Collectors";
and
National Bureau of Standards, NBSIR
79-1913, "Solar Energy Systems - Standards
for Rubber Hose";
and
National Bureau of Standards, NBSIR
81-2232, "Solar Energy Systems - Standards
for Absorber Materials"

Miscellaneous Tests National Bureau of Standards, NBSIR
81-2344, "Fire Testing of Roof-Mounted
Solar Collectors by ASTM E108";
and
National Bureau of Standards, NBSIR 81-
2199, "Wind, Earthquake, Snow, and Halil
Loads on Solar Collectors";
and
NBSIR 82-2487, "Hail Impact Testing
Procedures for Solar Collector Covers"

Product Safety National Bureau of Standards, NBSIR78-
(See also HUD Report 4930.2) 1532,
"Environmental and Safety
Considerations for Solar Heating and
Cooling Applications"

Certified Test Labs National Bureau of Standards, NBSIR
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78-1535, "Laboratories Technically

Qualified to Test Solar Collectors in

Accordance with ASHRAE Standard 93-77"
In addition to these standards, there are plumbing standards published by The
International Association of Mechanical and Plumbing Officials (IAMPO), and various

state building codes.
1.3 SOLAR ENERGY.

1.3.1 SOLAR RADIATION. Energy from the sun is received by the earth as
electromagnetic radiation. Most of the energy is received in the visible and infrared
portions and a small amount as ultraviolet radiation. North of the Tropic of Cancer (23
deg. N latitude), the sun makes a daily arc across the southern sky from east to west as
shown in Figure 1-1. For a typical location at 32 deg. N latitude the sun would be 81.5
deg. above the southern horizon or nearly overhead at noon (solar time) on June 21
while on December 21 it would be only 34.6 deg. above the horizon. Solar insolation (1)
is measured in Langleys (L) or Btu/ft>. One Langley equals 3.688 Btu/ft>. The amount of
solar energy that exists outside the atmosphere, often called the solar constant, is 116.4
L/hr or 429.2 Btu/ ft>-hr. At most 70% to 80% of this amount will strike the earth's
surface, the remainder being absorbed or reflected in the atmosphere.

Monthly average and yearly average daily insolation data for numerous locations are
given in Table 1-1. In general, the higher the latitude, the less insolation is received on a

horizontal surface.

1.3.2 COLLECTING SOLAR ENERGY. Collection of solar energy is based on the very
high absorption of radiant energy by dull, black surfaces and on the "greenhouse
effect.” The latter refers to the ability of glass to transmit visible radiation but prevent the
loss of heat from the collector plate which radiates at longer wavelengths (infrared
frequencies). Glass (or plastic) cover plates are generally used over flat absorber plates
to reduce heat loss (see Figure 1-2). The heated absorber plate may have a fluid

(water, air or other) pass over it or through tubes attached to the plate. The fluid thus

© J. Paul Guyer 2012 6



heated may be used to heat potable water, heat spaces, or drive an absorption or

Rankine power cycle air conditioner.

Figure 1-1

The sun’s path across the sky at specific times of year

latio
Protective, insulating ATEIES E200

transparent covers

fluid=carrying tubes
bonded to collector plate

heat collector plate

o
tilt angle, usually laticude plus 10=15

}

Figure 1-2
Schematic cross-section of typical solar collector with

heavy black insulation and two cover sheets

© J. Paul Guyer 2012
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Table 1-1
Total Horizontal Solar Radiation Intensity (Btu/ft-day)

from Solar Energy Research Institute
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Table 1-1 (continued)
Total Horizontal Solar Radiation Intensity (Btu/ft*-day)

from Solar Energy Research Institute
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Table 1-1 (continued)
Total Horizontal Solar Radiation Intensity (Btu/ft*-day)

from Solar Energy Research Institute
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Table 1-1 (continued)
Total Horizontal Solar Radiation Intensity (Btu/ft*-day)

from Solar Energy Research Institute
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