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Preface

This is the first edition of IAPMO S1001.4, Energy Production Rating of Solar Heating Collectors.

This Standard was developed by the IAPMO S$1001 Technical Subcommittee and approved by the IAPMO
Solar Standards Committee in accordance with the ANS/ Essential Requirements: Due process
requirements for American National Standards and the IAPMO Policies and Procedures for Consensus
Development of American National Standards. This Standard was approved as an American National
Standard on June 17, 2015.

Notes:

(1) The use of the singular does not exclude the plural (and vice versa) when the sense allows.

(2) This standard was developed in accordance with the IAPMO procedures accredited as meeting the criteria for
American National Standards and it is an American National Standard. The IAPMO Standards Committee that
approved this Standard was balanced to assure that individuals from competent and concerned interests had
an opportunity to participate. During its development, this Standard was made available for public review, thus
providing an opportunity for additional input from industry, academia, regulatory agencies, and the public at
large.

(3) This Standard was developed by consensus, which is defined as substantial agreement; consensus implies much
more than a simple majority, but not necessarily unanimity. It is consistent with this definition that a member
of the relevant IAPMO Standards Committee can be included in the committee roster and yet not be in full
agreement with all sections of this Standard.

(4) Although the intended primary application of this Standard is stated in its scope, it is important to note that it
remains the responsibility of the users of the Standard to judge its suitability for their particular purpose.

(5) IAPMO Standards are subject to periodic review and suggestions for their improvement will be referred to the
relevant IAPMO Standards Committee. To submit a proposal for change to this Standard, you may send the
following information to the International Association of Plumbing and Mechanical Officials, Attention
Standards Department, at standards@IAPMOstandards.org or, alternatively, at 5001 East Philadelphia Street,
Ontario, California, 91761, and include “Proposal for change” in the subject line:

(a) standard designation (number);

(b) relevant section, table, or figure number, as applicable;

(c) wording of the proposed change, tracking the changes between the original and the proposed wording;
and

(d) rationale for the change.

(6) Requests for interpretation should be clear and unambiguous. To submit a request for interpretation of this
Standard, you may send the following information to the International Association of Plumbing and
Mechanical Officials, Attention Standards Department, at standards@IAPMOstandards.org or, alternatively, at
5001 East Philadelphia Street, Ontario, California, 91761, and include “Request for interpretation” in the
subject line:

(a) the edition of the standard for which the interpretation is being requested;

(b) the definition of the problem, making reference to the specific section and, when appropriate, an
illustrative sketch explaining the question;

(c) an explanation of circumstances surrounding the actual field conditions; and

(d) the request for interpretation phrased in such a way that a “yes” or “no” answer will address the issue.

(7) Interpretations are processed in accordance with IAPMQ’s accredited standards development procedures.
IAPMO issues written replies to inquiries concerning interpretation of technical aspects of this Standard.

(8) IAPMO accepts responsibility only for those interpretations of this Standard issued in accordance with the
accredited IAPMO policies and procedures, which precludes the issuance of interpretations by individuals.

(9) IAPMO does not “approve,” “rate,” or “endorse” any item, construction, proprietary device, or activity.
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(10) Attention is drawn to the possibility that some of the elements of this Standard may be the subject of patent
rights. IAPMO is not to be held responsible for identifying any or all such patent rights. Users of this Standard
are expressly advised that determination of the validity of any such patent rights is entirely their responsibility.

(11) IAPMO does not take any position with respect to the validity of any patent rights asserted in connection with
any items mentioned in this Standard, and does not undertake to insure anyone utilizing this Standard against
liability for infringement of any applicable patents, nor assumes any such liability. Users of this Standard are
expressly advised that determination of the validity of any such patent rights, and the risk of infringement of
such rights, are entirely their responsibility.

(12) Participation by federal or state agency representative(s) or person(s) affiliated with industry is not to be
interpreted as government or industry endorsement of this Standard.

Documents
— —Dee&mem—%haring Hub

June 2015 For IAPMO Staff Use Only. Distribution Prohibited.

Full document details: IAPMO S1001.4 2015


http://www.avadocuments.com/doc/iapmo-s1001-4-2015
http://www.avadocuments.com/doc/iapmo-s1001-4-2015

IAPMO/ANSI $1001.4-2015

Energy Production Rating of Solar Heating Collectors

IAPMO Solar Standards Committee

L. Nelson

A. Chrisman

J. Critchfield

M. Dunlop

R. Gillespie

W. Guiney

E. Murray

P. Outram

P. Redgate

V. Woodruff

A.l. Murra

K.C. Thompson

IAPMO
Ontario, California, USA

SunEarth Inc.
Fontana, California, USA

United States Environmental Protection Agency

Washington, DC, USA

Florida Solar Energy Center
Cocoa, Florida, USA

Caleffi North America
Milwaukee, Wisconsin, USA

Artic Solar, Inc.
Middleburg, Florida, USA

Aztec Solar
Sacramento, California, USA

Lite Energy Engineering
Alta Loma, California, USA

Ameco Solar Inc.
Paramount, California, USA

Insource Renewables
Pittsfield, Maine, USA

IAPMO
Ontario, California, USA

IAPMO
Ontario, California, USA

June 2015

Full document details: IAPMO S1001.4 2015

For IAPMO Staff Use Only. Distribution Prohibited.

Chair (Non-Voting)

Secretary

Staff Liaison

Documents
— —Dee&mem—vE‘irharing Hub


http://www.avadocuments.com/doc/iapmo-s1001-4-2015
http://www.avadocuments.com/doc/iapmo-s1001-4-2015

IAPMO/ANSI $1001.4-2015

Energy Production Rating of Solar Heating Collectors

IAPMO S$1001 Technical Subcommittee

L. Nelson

J. Alger

A. Chrisman

M. Dunlop

R. Gillespie

B. Gravely

A. Mauchlen

S. Morner

E. Murray

P. Qutram

D. Sizelove

J. Thornton

C. Delong

A.l. Murra

K.C. Thompson

IAPMO
Ontario, California, USA

Alternate Energy Technologies, LLC
Green Cove Springs, Florida, USA

SunEarth Inc.
Fontana, California, USA

Florida Solar Energy Center
Cocoa, Florida, USA

Caleffi North America
Milwaukee, Wisconsin, USA

Holocene Technologies
Raleigh, North Carolina, USA

Enerworks Inc.
Woodstock Ontario, Canada

Sustainable Engineering Group LLC
Madison, Wisconsin, USA

Aztec Solar
Sacramento, California, USA

Lite Energy Engineering
Alta Loma, California, USA

Aguatherm Industries, Inc.
Lakewood, New Jersey, USA

Thermal Energy System Specialists
Madison, Wisconsin, USA

ASTM International
West Conshohocken, Pennsylvania, USA

IAPMO
Ontario, California, USA

IAPMO
Ontario, California, USA

June 2015

Full document details: IAPMO S1001.4 2015

For IAPMO Staff Use Only. Distribution Prohibited.

Chair

Liaison
Staff Liaison

Secretary

Documents
— —Dee&meﬁﬁharing Hub


http://www.avadocuments.com/doc/iapmo-s1001-4-2015
http://www.avadocuments.com/doc/iapmo-s1001-4-2015

IAPMO/ANSI $S1001.4-2015 Energy Production Rating of Solar Heating Collectors

IAPMO/ANSI $1001.4-2015
Energy Production Rating of
Solar Heating Collectors

1 Scope

1.1
This Standard specifies the procedures used to determine the energy production rating of solar heating
collectors.
Notes:
1) The purpose of energy production ratings is to
(a) provide a basis for comparing the relative thermal performance of various solar collector technologies
when evaluated under the same rating conditions; and
(b) help users of solar heating collectors make an informed decision regarding the choice of technology with
respect to thermal performance.
2) In this Standard, “solar heating collectors” are referred to as “collectors”.

1.2
The procedures in this Standard are a set of calculations used to evaluate the daily energy production of
a collector under a specific set of climatic conditions using existing test results.

1.3
The calculated energy production rating values are valid when the collectors are operating with the fluid
type and flow rate used during thermal performance testing.

14

The procedures in this Standard are applicable to the following types of collectors:
(a) glazed tubular collectors;

(b) glazed flat-plate collectors; and

(c) unglazed flat-plate collectors.

1.5

The procedures in this Standard can also be used to calculate the energy production rating for other
types of collectors tested in accordance with Section 4.1, including

(a) concentrating collectors (i.e., heat generation only);

(b) transpired air collectors;

(c) glazed integral collector storage (ICS);

(d) unglazed ICS; and

(e) thermosyphon collectors.

1.6

This Standard does not cover

(a) collector performance metrics other than thermal output (e.g., fitness for purpose, quality of
construction, durability, and safety);

Documents
— —Dee&mem—%}haring Hub

June 2015 For IAPMO Staff Use Only. Distribution Prohibited.

Full document details: IAPMO S1001.4 2015


http://www.avadocuments.com/doc/iapmo-s1001-4-2015
http://www.avadocuments.com/doc/iapmo-s1001-4-2015

IAPMO/ANSI $S1001.4-2015 Energy Production Rating of Solar Heating Collectors

(b) collector thermal performance for a specific application in a specific geographic location;
Note: The energy production ratings derived using the procedures in this Standard are general in nature.
(c) performance of components or entire solar heating systems.

1.7 Terminology

In this Standard,

(a) “shall” is used to express a requirement, i.e., a provision that the user is obliged to satisfy to comply
with the standard;

(b) “should” is used to express a recommendation but not a requirement;

(c) “may” is used to express an option or something permissible within the scope of the standard; and

(d) “can” is used to express either a possibility or a capability.

Notes accompanying sections of the Standard do not specify requirements or alternative requirements;
their purpose is to separate from the text explanatory or informative material. Notes to tables and
figures are considered part of the table or figure and can be written as requirements.

2 Reference Publications

This Standard refers to the following publications, and where such reference is made, it shall be to the
current edition of those publications, including all amendments published thereto.

ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning Engineers)
ASHRAE 93
Methods of Testing to Determine the Thermal Performance of Solar Collectors

ASHRAE 96
Methods of Testing to Determine the Thermal Performance of Unglazed Flat-Plate Liquid-Type Solar
Collectors

ISO (International Organization for Standardization)
ISO 9806
Solar energy — Solar Thermal Collectors — Test methods

ISO 9806-1 (Withdrawn)
Part 1: Thermal performance of glazed liquid heating collectors including pressure drop

ISO 9806-3 (Withdrawn)
Part 3: Thermal performance of unglazed liquid heating collectors (sensible heat transfer only) including
pressure drop

SRCC (Solar Rating and Certification Corporation)
SRCC Standard 100
Minimum Standards for Solar Thermal Collectors
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3 Definitions and Abbreviations

3.1 Definitions
The following definitions shall apply in this Standard:

Biaxial — having two optical axes.

Emissivity — a measure of the capacity of a surface to emit radiation at one or more wavelengths.
Glazed — having a transparent or semi-transparent cover.

Heating category — a typical application for solar-generated heat energy represented by the difference
between the ambient temperature and the

(a) temperature of the fluid entering the collector; or

(b) mean heat transfer fluid temperature .

Incidence angle (Angle of incidence) — the angle between the direction of the incoming irradiation at a
point on the collector aperture plane and the normal to the collector aperture plane.

Incidence angle modifier — the ratio of the peak collector efficiency at a given angle of incidence
and the peak efficiency at a defined reference angle of incidence.
Note: In this Standard, normal incidence is the defined reference angle of incidence.

Longitudinal angle of incidence — the angle between the normal to the collector aperture plane
and incident direct (beam) solar irradiance projected onto the longitudinal plane.

Normal angle of incidence — an angle perpendicular to the surface of a plane.

Transversal angle of incidence — the angle between the normal to the collector aperture plane and
incident direct (beam) solar irradiance projected onto the transversal plane.

Irradiance — the power density of electromagnetic radiation incident on a surface, expressed in watts
per square meter (W/m?).

Irradiation — the incident power on a surface over a given period of time, expressed in kilowatt-hours
per square meter (kWh/m?) per specified time interval.

Isotropic — having optical properties that vary as a function of the incidence angle only, independent of
the direction of the incident radiation.
Note: Isotropic collectors include flat-plate collectors.

Long wave radiation — radiation at wavelengths greater than 3 um, emitted from sources at ground or
atmospheric temperatures.

Mean heat transfer fluid temperature — the average of the collector inlet and collector outlet
temperatures.
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Parabolic trough collector — a line-focus collector where solar energy is focused on a receiver
extending the length of the collector by means of semi-cylindrical reflectors in the shape of a parabola.

Plane —

Longitudinal plane — a plane normal to the aperture of the collector including the axis of the
receiver apparatus in tubular or parabolic trough collectors, or including the longest aperture
dimension of a flat biaxial collector.

Transversal plane — a plane normal to the aperture of the collector and orthogonal to the axis of
the receiver apparatus in tubular or parabolic trough collectors, or including the shortest aperture
dimension of a flat biaxial collector.

Rating day — a typical day defined by a set of hourly irradiance values and angles used to calculate the
energy production rating for the characteristic solar weather pattern.

3.2 Abbreviations
The following abbreviations apply in this Standard:

BTU — British thermal unit
ICS — integral collector storage
I-P — inch/pound (system of units)

q Collector Testing

4.1 Performance Testing

Collector testing shall be conducted in accordance with ISO 9806 or SRCC Standard 100.

Note: The procedures in this Standard may be used to calculate energy production ratings based on performance
tests conducted in accordance with the withdrawn and superseded standards ISO 9806-1 and ISO 9806-3.

4.2 Test Report Data

The following data for the collector energy production rating shall be obtained from the performance

test report described in Section 4.1:

(a) coefficients for calculating the instantaneous collector efficiency in accordance with Sections 8.1 and
9.1; and

(b) the incidence angle modifiers used in Section 8.2.

5 Rating Days

5.1 General

Collector energy production ratings shall be reported as energy produced per day during three standard
“rating days,” each with different weather conditions. Each rating day is represented by a specific set of
direct (beam) and diffuse solar irradiance values and direct incidence angles, specified hourly in
accordance with Annex A. The three standard rating days are

(a) clear day;

(b) mildly cloudy day; and

(c) cloudy day.
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5.2 Total Daily Solar Irradiation

The hourly values for total solar irradiance [i.e., direct (beam) plus diffuse solar irradiances] shall be
summed to provide the total daily solar irradiation on the collector aperture plane. The associated total
daily solar irradiation values for the rating days are specified in Table 1. The complete irradiance profile
isin Annex A.

Table 1

Total Daily Solar Irradiation
(See Section 5.2)

Day Type Total Daily Irradiation,
kWh/m’day
Clear Day 6.309
Mildly Cloudy Day 4.732
Cloudy Day 3.155
6 Heating Categories

6.1 General

6.1.1

Collector thermal performance shall be evaluated for five typical heating categories, each of which is
characterized by a value representing the difference between ambient temperature and the

(a) temperature of the fluid entering the collector; or

(b) mean heat transfer fluid temperature.

6.1.2
The five typical heating categories and their associated temperature differentials are listed in Table 2.
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