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ABSTRACT

This report details the data collection and performance reporting
specifications for solar energy projects that were developed by the Inter-
national Energy Agency Task on the Performance of Solar Heating,
Cooling and Hot Water Systems Using Evacuated Collectors. It was
developed so that the Task Participants could exchange and present
information about individual installations, their operating characteristics
and performance results in an accurate and consistent manner. One of
the main objectives of the effort was to ensure accurate collection and
reporting of data, facilitating analysis and exchange of information
among the participants. To this end, the format document has served
us well and we recommend its use to other researchers involved with

data collection and analysis of solar energy systems.

This document is based on the 1980 International Energy Agency
document on reporting format which has been considerably revised.
Specific requirements concerning the preparation of diagrams, figures,
plots and textural material have evolved permitting more detailed com-
parisons and exchanges of information among installations. Format

requirements include both simulated and measured data.




REPORTING REQUIREMENTS AND REPORTING STRUCTURE

The following is a presentation of the data collection and performance reporting
specifications for solar energy projects developed by the International Energy Agency
Task on the Performance of Solar Heating, Cooling and Hot Water Systems Using Eva-
cuated Collectors. It lists the data that needs to be collected, performance measures to
be caleulated and describes the titles and numbers recommended for the reports. Each
below numbered item (1 through 16), contains a brief discussion of the type of material
which should be included. A researcher can use these lists as a checklist for structur-
ing his project as well as his report. Examples of tables and figures are provided in the
main text of this report to assist in the preparation of the report. Where appropriate,
a chapter number is included next to the item title; these chapter numbers and item
titles should be used in the actual report. In some items, specific references to subsec-

tion numbers and titles are made which should also be used in the actual report.

Item 1. Preliminary

At the beginning of the report the author may include such notices and disclai-
mers, etc. as appropriate. Following this discretionary item, a. very brief abstract
should be included which may be suitable for inclusion in a listing of abstracts. Essen-

tial topics for the abstract include:
- Description of Project
- Description of Major Results, specifying only the most important, and
- Description of Major Conclusions, specifying only the most important.

A brief section may also be included as preface and acknowledgements. The con-
tents of this section are left to the discretion of the author. Included also should be a
list of contributing authors and the names and addresses of those people who may be

contacted for additional information on the project as well as a bibliography.

Item 2. Table of Contents

The table of contents should be detailed enough to allow the reader to identify
the sections of interest. The author should, in his report, use the same numbering and
titles for chapters whenever possible. It may be necessary for the author to add addi-

tional levels of mimbering, depending upon the complexity of the report.



A List of Figures and a List of Tables should follow the table of contents if any
figures or tables are included in the report. They should be numbered and listed in

accordance with the appearance in the report.

Item 3. Summary

The summary should provide concise yet sufficient detail to provide an understad-
ing of the project. It should stress the thermal performance results and present the
main conclusions. The summary should include the main objectives of the project, cli-
mate, brief descriptions of the system (including collector aperture area, type, storage

type, volume and load), the operating modes, and the data collection method.

Item 4. Introduction (Chapter 1)

The introduction is the first proper chapter and is numbered as such. It will con-

sist of:

- The project background including a history of the project,

- description of the International Energy Agency Solar Heating and Cooling Pro-

gram,
- the project’s role,
- the project objectives, and

- the project’s relation to the national program.

Itemn 5. Description of the Surrounding Environment {Chapter 2)

In this chapter the author should provide a general deseription of the location, the

site and the climate. A detailed list of parameters may be included in an Appendix.

Description of location and site (2.1)

- General description of location including distance to nearest larger city, as
appropriate

- Shift in solar time expressed as the difference between solar noon and the stan-

dard meridian.

- General discription of the surroundings including significant geographic features

such as seas, mountains, etc.




- Plan showing the topography of the nearest surroundings. Height and position
of solar and wind obstacles together with the exact position of the solar collector

array should be indicated.
- Diagram showing the horizon (if available).
- Ground reflectance (estimated if not measured).

- Latitude, longitude and altitude of the site.

Description of Climate (2.2)

- Description of general seasonal conditions including wind, cloudiness, rain, snow,

humidity, temperature and typical day and night conditions.

- Climatic conditions according to Trewartha (1968) worldwide classification sys-

tem (if available).

- Average monthly global insolation (horizontal plane). If radiation data are not

avatlable, sunshine hours or cloudiness may be presented.
- Average monthly ambient dry bulb temperature.

- Average mont;hly relative humidity (optional). This information is of interest for

cooling applications.

- Monthly heating degree days (Celcius) (optional). It should be noted that degree
days are calculated differently in different countries and that the definition there-

fore should be given.
- Monthly cooling degree days (optional).

An example is shown in Figure 1. Define how the averages of the summary sheet

are calculated,

Iten 6. Description of Building, Solar and HVAC Components (Chapter 3)

This chapter should present sufficient information about the energy systems, their

way of operation and the loads so that the reader can understand the thermal perfor-

mance results. This should include:

- Brief description of the purpose of the system.
- Comment on the design goal (e.g. solar fraction, indoor climate, etc.)

- Comment on the philosophy underlying the solution.



DESCRIPTION OF CLIMATE EDMONDON, Alberta, CANADA
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Figure 1: Table Showing Local Climate




- Description of the overall system as a whole indicating interactions between the
building, the load and the energy system. The description of the actual solar

energy system should be provided in a separate section numbered 3.2.

Some flexibility is provided in the outlined structure to make this chapter usable
for reporting on a wide range of solar energy systems. It should commence with a sur-
vey of the overall system, especially the interaction between the building and/or load
and the energy systems together with some comments on the design goals and the phi-
losophy underlying the solution. Section 3.1 is devoted to the building (or the
appropriate load). The solar energy and HVAC system should be deseribed in section
3.2 and in section 3.3 the control system should be deseribed. Chapter 3 is then com-
pleted by section 3.4 which should provide a systematic description of the modes of
operation. It is strongly suggested that drawings be used whenever possible to illus-
trate the desired concept. The drawings together with an explanatory text should be

put in the main text of the report.

The author is advised to provide sufficient detail so that other researchers may do
their own analysis on the system. In this chapter at least the parameters needed to
make a caleulation with a simplified method using monthly weather data should be
provided. A compiete list of available system characteristics may be provided in an
Appendix. This appendix should also be used for presenting information which will not

necessarily affect the understanding of the results.

The writeup in Chapter 3 should be general without reference to detailed experi-

ment design goals.

Description of the Load

Any load which is being partially or fully met by the use of solar energy should be
described in the section. The extent of this section will depend heavily on the type of

system being studied.

In the case of an analytical study detailed information on all assumptions concern-

ing the load should be reported here. Drawings should be used frequently.

‘"The description should include, if applicable, hot water load profile, indoor ecli-
mate, general description of building construction and design including photo or draw-
ing, space heat loss factor {UA-value) in W/K, (calculated or measured), relationship of
collectors to building structure, effects on loads due to heat losses from the solar

energy system, thermal properties of structure and components such as thermal



resistance density and heat capacity.

Description of the Solar and HVAC Systems

The solar and HVAC systems should be described component by component.
Ranges of values or several values should be used when necessary because of multiple
experiments. Footnote these multiple values referring the reader to Chapter 4 where

the corresponding systems and experiment will be given.

This section can be presented at either of two levels of detail. If the solar system
is particularly simple, it may be sufficient to present a complete description of the
energy system without a system breakdown. However, if the system is complex, it may
be necessary to describe the overall energy system and then present 2 more detailed

description of key subsystems.

The set of subsystems presented below is thought to be applicable to many
reports, but the author should feel free to use an alternative reporting based on a
breakdown of the system into subsystems. When reporting on a simple system the
subsections under 3.2 should be condensed into one. The energy balance of a subsys-
tem is a useful tool both for checking the consistency in measured values of energy
quantities and for presenting those quantities. In Chapter 7 the recommendations for
presenting detailed data on the thermal performance are based on the energy balances
of the subsystems. The concept is also used in Chapter 5 when discussing the evalua-
tion program. It is therefore recommended that the breakdown of the overall systems
into subsystems is done with the presentation of their energy balances in mind. It is
then important that the subsystems are defined so that the interfaces become clear
and the subsystems are easily identified in the real system. It is also important that

the energy flows across the interfaces can be measured.

Solar collector array (3.2.1):
Deseription of the solar collectors.
Freeze protection method.

Table with key parameters.

Cross section

Drawings showing special features.

Photos.




Solar collector key parameters should include:
Collector brand.

Collector type.

Working fluid.

Collector aperture area.

Collector gross area.

Orientation (azimuth).

Tilt.

Collector efficiency curvet for aperture area, and at typical operating conditions

and normal incidence.

Intercept of Efficiency Curve F'(ra)
Slope of Efficiency Curve F'-Up,
Incident angle modifiert.

Number of panes in the glazing.
Maximum outlet temperature.

Reflectors.

Heat Storage (3.2.2):

Description of heat storage.

Table with key parameters.
Drawings showing special features.
Heat storage key parameters include:
Storage type

Gross volume

Mass of working media

Heat capacity

Maximum temp.

*See ASHRAE standard, 93-77 (1977).



Minimum temp.

Heat Loss factor (UA)

Stratification (yes/no)

Other subsystems (3.2.3):

Other subsystems which it might be appropriate to describe in separate subsec-
tions (3.2.3, etc.) are:

- Hot water system

- Energy distribution system (e.g. centralized systems).

- Heat pump.

- Cooling machinery.

Description of the control system hardware (3.2.x):

Number the Description of the Control System Hardware as 3.2.x, where x is the
last number in the subsection 3.2. Controls should be described in sufficient detail
such that the reader can understand the location and nature of the control system
bhardware. Detailed description of the hardware, such as branch, calibration, specifica-
tions, installation techniques, wiring, etc., should be given in an Appendix. This sec-
tion describes only the physical control system. Control strategies and modes of opera-
tion should be presented in Chapter 4. The description should include:

- Brief description of the control system hardware.

- Table of sensors and controlled devices including type and designation which

then should be used throughout the report.

Item 7. System, Experiments and Operation (Chapter 4)

This chapter deals with the Systems, Experiments and Operation. An explanation
of the overall rationale of the experiment or muitipie experiments will be given in 4.0,
that is, before subsection 4.1 begins, as well as any other general introductory matter
on the experiments and operation. Include the description of schematics of the solar

and HVAC systems according to the following structure:
System One (4.1)

Section 4.1 should be entitled "System One" with an additional description such as
"Cooling". Material immediately under 4.1 should include the deseriptions and

schematics of the solar and HVAC systems.



Basic Experiment (4.1.1)

Section 4.1.1 should be entitled "Basic Experiment"” with an additional description
if appropriate. It elaborates experiment specifics with references to prior work and

reports, if necessary.
Interaction of Components and Subsystems (4.1.1.1)

Section 4.1.1.1 should be entitled "Interaction of Components and Subsystems",
and describes the operating modes of the experiment. In the operation of most solar
systems there are various basic modes in which the system can be operating. For a
simple heating system there may only be four modes, such as: heating from collector,
heating from storage, storing energy or heating from auxiliary. However, more complex

systems may have many operating modes.

A description which includes the following items should be provided for each mode

. t
of operation.

- Description of the mode of operation.

- Diagram showing flows of working fluid together with temperature levels. The
diagram should be supplemented by a brief text which includes a name and desig-

nation of the mode together with the condition under which the mode is working.
Controls (4.1.1.2)

Section 4.1.1.2 "Controls” describes the control strategies of the experiment. The
author should attempt to provide in this section the control strategy which was
employed. If on/off control is the only type of controller used, a truth table, may be
adequate when supplemented with a brief discussion. However, if proportional or other

types of control strategies are used, substantial explanation may be required.
This section should include a diagram of ‘the location of the control sensors.
Other Experiments (4.1.2) and Systems (4.2)

Section 4.1.2 should be entitled "Experiment Two" with an additional description,
if appropriate. The breakdown of Section 4.1.1 should be repeated with cross referenc-
ing to minimize repetition. That is 4.1.2.1 Interaction of Components and Subsystems,
4.1.2.2 Controls, and other sections 4.1.3, 4.1.4, etc. repeat in the same pattern esta-
blished for the remainder of the experiments conducted for System One. After all
experiments related to System One are reported, the next section, 4.2 can be entitled

"System Two" and the established pattern repeated.
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Item 8. Thermal Performance Evaluation (Chapter &)

This chapter should describe the objectives of the thermal performance evaluation
program together with the measures taken to accomplish these objectives. Interna-
tional Energy Agency acronyms should be used unless it is clearly impractical to do so.
Where multiple components are present and no provision is made for them in the
International Energy Agency documentation, the use of small letter at the end of the
relevant International Energy Agency acronym is recommended, for example Q100a,
Q100b and Q100c. Where there are multiple components the acronym without a small

letter refers to the combined evaluations.
Overall System Energy Flow Block Diagram

An Overall System Energy Flow Block ljiagram should be presented for each Sys-
tem. An example of such a diagram is shown in Figure 2a. Where possible, only
blocks for major subsystems and data groups corresponding to the numbering system
in Table 1 should be shown on the diagram.

Table 1 - Subsystem Designations

001 - 009  Climatological data group

100 - 199  Collection

200 - 299  Storage

300 - 399 Domestic Hot Water

400 - 499  Space Heating

500 - 599  Space Cooling

600 - 699  Energy Demand (eg., building, IPH)
700 - 899  Reserved for Future Use

900 - 999  Summary Data Group

Energy transport subsystems belong with their predecessor subsystems and may
be considered as an integral part of the predecessor subsystems when the magnitude of
their losses is considered relatively minor in overall system evaluation. If this is the
case, the transport systems should not be shown as separate blocks in the overall Sys-
tem Energy Flow Block Diagram. If the loss is not minor, then the overall System
Energy Flow Block Diagram must show the relevant blocks. In either case energy tran-

sport subsystems should be shown in the subsystem Energy Flow Block Diagrams.
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Letter Designations

Numbered quantities should be preceded by one of the letter designations in Table

Reserved Designations

The second and third digit combinations in Table 3 are reserved for specific desig-
nations in the Energy Flow Block Diagrams and all such quantities should be so desig-
nated. In the Subsystem Energy Flow Block Diagrams the participant may choose
additional non-reserved two digit combinations whenever a reserved combination is not
applicable. These combinations apply to the number sequences from 100 to 699 and
from 900 to 999 and the letter designators E, F, Q, H and G.

System Energy Flow Block Diagram

As shown in Figures 2a, 3a and 3b, there should be one System Energy Flow Block
Diagram (Figure 2a) and set of facing page subsystem schematic {(Figure 3a) and Sub-
system Energy Flow Block Diagram (Figure 3b) for each system identified in Chapter
4. The experiments in Chapter 4 may necessitate changes in some of the diagrams. If
so, only present those altered diagrams and make reference to the appropriate preced-

ing diagrams.

Figure 3c shows the facing page diagram arrangement for the subsystem schematic

and subsystem energy flow block diagram.
Energy and Performance Quantities

There should be one table of energy quantities, performance quantities and indica-
tors for each system identified in Chapter 4. The table should list and define (inelud-
ing defining equations) all quantitites that will be used in the reporting along with
their International Energy Agency nomenclature, calculation method and relevant eal-
culation period and units. Where the above reserved combinations apply, that designa-

tor should be used. An example is given in Figure 4.

Where necessary, correspondence between International Energy Agency Acronym

and the acronym used by the researcher should be specified.
Performance Quantities and Indicators

The performance quantities and indicators are given in Table 4. The performance
quantities and indicators given in the table will be used in all reports where appropri-

ate.

12
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Table 2: Quantity or Energy Form Letter Designators

E*  Electrical energy {MJ)

F*  Fossil or chemical energy equivalent (MJ)

Thermal energy (MJ)

Solar irradiant energy or energy density (MJ or MJ/m?)
Solar flux density (W/m?)

Temperature (C)

Relative Humidity (%)

Spacial temperature difference (K)

Mass flow rate (kg/sec)

Status information

O
*

Velocity (m/sec)

Performance (units as derived)
Area (M?)

Capacitance (MJ/K)

Heat transfer factor (W/K)

SCaQPZ<w 0@ 0T

*time base for quantities will be given when values are stated. All designators are
reserved. Additional Designators will be allocated by the Operating Agent,

Data Reduction

The manner in which data are stored and their availability should be presented in

the data reduction methods subsection.
Subsystem Representation

Subsystems shown in the Facing Pages of Figure 3¢ provide a detailed presenta-
tion of the subsystems used in the overall System Energy Flow Block Diagram. The
two tables of Figure 3c should be included as part of one or both facing pages, wher-
ever there is room. Relevant quantities that do not appear in the block flow diagram
should, nevertheless, be included in these tables. For example, the solar portion of an
energy flow should be specifically broken out. The division between solar and conven-

tional subsystems should be clearly defined for all subsystems.
Additional Performance Indicators

Performance indicators to be reported, where applicabe, are given in Table 4.
The nomenclature for additional performance indicators should start with the same

digit as the subsystem to which it makes primary reference, if possible, and use the

14



Table 3 Reserved Designations Applicable to All Subsystems

Number Designation

-00 Controlled energy from other subsystems

-01 Subsystems auxiliary energy

-02 Controlled energy to ather subsystems

-03 Total subsystem operating energy

-04 Total subsystem heat loss. This quantity is
frequently derived in more than one way. In
such cases different derivations should be
given different designations in the sub-system
energy flow block diagram tables,

-05 Change in stored energy

-08 Total ene.rgy from other subsystems

.07 Total energy to other subsystems

-08 Useable heat loss from solar

-09 Unuseable heat loss from solar stored energy

-10 Stored energy

-11 Thermal energy contribution to the subsystem
by the operating energy

-12 Controlled energy to other subsystems exclud-
ing distribution systems effects

-13 Total useable heat loss

.14 Total nonuseable heat loss

-135 Cooling supplied by solar

-18 Transport-heat loss

-17 Opérating devices energy loss

-18 Total energy loss from auxiliary energy system

-30 Energy balance error

Additional combinations from 19 to 29 are allocated for future reserve designations.

An illustration of use of acronyms in a general subsystem block diagram is shown In
Figure 2b.
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Figure 3b: Subsystem Energy Flow Block Diagram (right hand page)

18 -

(Electrical
. enerqgy
l” to pump)
J'"!mo Q112 Q131 " qloz
.otal (Solar (Sotar (Sotar
solar . energy energy to energy to
Jncident) collected) ‘storage _I storage)
—— ] cOLLECTOR ] EnEReyY A Pup |
TRANSPORT ‘B
l‘ Q154 Q155 Q156 Q157 Q161
- (Heat (Heat (Heat (Heat (Heat
J loss to loss to loss to loss to loss to
o outside) building) outside) building) building)



left hand page

(place Subsystem Schematic
here - see Figure 3a for example)

Note: On this diagram instrumentation should be shown in
its proper loction identified with nomenclature
of the participant’s choice. Nomenclature from the
[EA document. *“‘Data Requirements and Thermal
Performance Evaluation Procedures for Slar Heating
and Cooling Systems’’ should be used where possible.

;the two ‘‘facing pages"———l

right hand page
(place Subsystem Energy flow Block Diagrtam
here - see Figure 3b for exampie)

Note: Include the following two tables as part of one or
both facing pages. wherever there ts room.

Quantities Derived [otally Quantitles Not Dertved lotally
" from Measurements from Measurements
1EQ Participant | Calculation EA Participant | Calculation
Acronvm Acronym Formula Acronym Acronym Formula
from ) from
the the
Diagram Diagram

Figure 3c: Facing Page Diagram Arrangement
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Table 4

A LIST OF PERFORMANCE AND OTHER INDICIES

adjusted collector efficiency (see Note 1)

unadjusted collector efficiency
adjusted collector on efTiciency
unadjusted collector on efficiency
system collection efficiency
system collection on efficiency
system collection COP

solar collection system and storage
conversion efficiency {see Note 2)
solar collection and storage COP
solar collection and storage

system COP

normalized temperature difference
estimated snaaing tactor

solar energy collected per unit area
solar energy system efficiency

{see Note 3)

solar {raction energy consumed for
domestic hot water (see Note 4)
solar fraction of energy delivered
for hot water

solar fraction of energy

solar (raction of energy
consumed [or space cnoling
solar fraction of space

cooling supplied

solar cooling thermal COP
auxiliary cooling thermal COP

svstem solar fraction

system COP

N100 = (Q112 + Q105)/H100
N110 = Q112/H100

NI101 = (Q112 + Q105)/H101
N111 = Q112/H101

N102 = Q102/H100

N103 = Q102/H101

N105 = Q102/103

N104 = Q212/H100
N106 = Q212/E103

N107 = Q202/{E103 + E203)
N108 = (T100-T001¥ G001
N109d (diffuse} '
N109b (beam)

N112 = Q112/A100

N200 = {Q102 - Q 209, - Q21€, /H100

N3e1 = Q300/(Q300 + Q301 ~ Q303)
IN302 = solar energy into hot
water tank = {Q312 + Q301)
N4OT — 0400 + Q908
Q400 + @913 + Q401

N501 = Q500/(Q500 + Q501)
N502 = Q515 /Q3502

N3503 = Q515/Q500
N504 = {Q502 - Q515)/(Q301}

NG01 ==
Q208 + Q202
Q202+Q901 + @303 + @913
N7

N9O2 =
Q903

Notes are provided on the following page



Note 2:

Note 3:

Note 4:

Notes for Table 4

Note 1: Q105 = (T100, — T100,_,) C100, where T100 is the average collector temperature and n and

n—1 refer to the end points of the interval over which Q112 is measured. T100

_ Ti02+Ti01
N 2

temperature. F're and F'Up are estimated by a regression analysis of Q112

= F'raH101 - F'U, A100 (T100-T001) - Q105 using data where T100, = T100,_, and collec-

where T102 is the collector outlet temperature and T101 is the collector inlet

tor steady state operating conditions have been established. C100, capacitance between T101
and T102, is then estimated by a regression analysis where collection has been continuously
occurring for some time, but T100, = T100,_,. The values of F'ra,F'U, and C100 and their

estimating errors are to be reported.

Alternative procedures for calculating C100 have been suggested (notably, by Klaus Vanoli,
"Cooking Recipe for Capacitance Correction to be Used for Evaluation of Collector Array Effi-
ciency”, International Energy Agency Task VI meeting, Geneva, 1982 and by Steven R. Hultin,
Dept. of Mech. Eng., Colorado State University, Report entitled "Analysis of Evacuated Tubu-
lar Collector Performance”, September 1983, pp. 97-101). Please indicate clearly the method

used.

Where auxiliary energy is added to the storage or there is no main storage, it is not appropriate

to reference N104.

The numerator (Q102 - Q209 - Q218) in the definition of N200 represents net solar contribu-
tion where Q209 and Q216 represent portions of solar energy lost from storage and piping sys-
tems respectively. There may be alternate methods of calculating solar contribution and the

formula used should be presented in the text.

In some systems N301 is equal to N302.

second two digits or the primary energy quantity appearing in the numerator.

Additional quantities may be reported, if available, on hourly, daily, monthly basis

as shown in Table 5:

Definition of Collector Aperture Area

Definition of Collector Aperture Area (Figure 5) is given as

Aperture Area A100 = LW

where, L = exposed transparent part along the collector tubes or cover

(excluding boxes or black cups or headers, etc.)
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W = nXp, n = number of tubes and
p = the piteh of the tubes, or the distance between the centres

of adjacent tubes.

Table 5: Additional Data to be Reported

Ho01 total solar energy on collector plane
Ho002 total horizontal
HO003 horizontal diffuse In Units
H004 total solar energy on collector plane of
while the collector is on MJ/m?-period
H1005  diffuse solar energy on collector plane
Ho06 beam solar energy on collector plane
HO007 total solar energy on collector plane

corrected for shading

H100 total solar incident on collector aperture In Units
(see item j for definition) of
H101 solar incident on collector aperture while MJ/period

collector is on

Itemn 9. Description of Operating Period (Chapter 8)

During the period of operation of a solar system most projects will encounter
problems and occurrences which influence the thermal performance of the system.
Information on these items is of importance for the reader to be able to fully under-

stand the result and this information should be provided in this chapter.

During the course of the study the researcher will typically learn a great deal
about matters which do not affect the thermal performance of the system. Reliability
and maintainability aspects (including starting problems, shipping, loss of vacuum,
freezing, thermal shock, corrosion, shading, snow, etc.) should be included with hours
of downtime (scheduled - changing filters, experiments and unscheduled - leakage,
pump failure) reported chronologically in a table. Give estimates of time and man-
hours spent for maintenance. All failures and problems due to either the design, com-
ponents, controls, operation or some other source should be reported. See Table 6 for

an example.
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If simulation studies have been carried out, then limitations in the program capa-
bilities of modelling and excessive computer run times, are problems that should be

reported in this chapter.

Item 10. Presentation of Results (Chapter 7)
There are three types of results which should be presented in this chapter:

1. Annual and monthly results which should give the reader a perspective on the

average thermal performance of the system.

2. Detailed results on daily and hourly basis for technical readers who want to

scrutinize subsystem and system performance.

3. Comparative results which allow the reader to relate the performance to other

alternatives.

Chapter 7 should be organized such that each section, that is Section 7.1, 7.2, 7.3
and 7.4 is broken down by the system/experiment organization of Chapter 4. Section
7.5 should make comparisons of the different system/experiments and Section 7.6, com-
parisons with other systems and experiments, if desired. Section 7.7 should make com-

parison of simulated and measured data.

Although some guidelines can be offered as to what to report, it is up to the
researcher to decide on the scope of the reporting. It should be noted, however, that
information about thermal performance is most essential and that substantial effort

should be put into this chapter.

To avoid ambiguity the presentation of the results should rely completely on the
designations and definitions of performance factors introduced in Chapter 5 in the
report, as well as the description and designations of subsystems and modes of opera-

tion provided in Chapters 3 and 4.

Tables and diagrams will be useful in the understanding of the results. The table
heading should try to use abbreviations together with the designations and units to
facilitate the understanding. The designation should include whether the values were
calculated directly from measured data or not. Datagaps and anomalies should be

noted.
The description should include:

- Brief description of the thermal performance result including seasonal and

annual values of some key performance factors.



- Brief discussion on the actual and the expected results of the system.
- Summary of the quality of reported values including estimated inaccuracies.

In particular the following subsystem characteristics should be reported:

Collector System Performance

In order to obtain an overall assessment of evacuated collector performance when

operating in a system it is necessary to:

1. Tabulate and graph the energy inputs and outputs from the collector arrays as

detailed later in this document and

2. Produce monthly efficiency curves with selected hourly values as detailed later
in this document. A common method of correcting for capacitance will be applied

to the results.

Analyses of the individual data produced under 1 and 2 above should make refer-
ence to unexpected results and advance possible reasons which would explain such
results. Relationships between the performance of a collector in a controlled test and

its dynamic performance in a system should also be reported where applicable.

In cases where additional component performance data would clarify the amalyses,

such additional information should be included.
Measurement of System Characteristics

The following characteristics of the system will be measured or estimated and

reported:
1. Loss factors and capacitances of storage and distribution systems.
2. Energy balance on principal subsystems.

3. Total power and thermal energy contribution of pumps, fans auxiliary heaters

or any operating or measuring devices that could affect a system heat balance.

Performance comparisons with expected results

This section should include information on comparisons performed as part of the
study. The length of this section is very dependent upon the objectives of the study.
For experimental facilities, comparisons may be made between, on the one hand the
measured performance and on the other hand the design performance, the performance
during previous years and/or the performance of similar nearby buildings. For simula-
tion studies the author may provide extensive detail of the performance results vs. the

performance of alternative system designs. Information should be provided concerning

27
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the weather encountered during the study vs. the average weather for that region.

Item 11. Required Report Graphics for Chapter 7

In the following sections, the required figures, charts and their format are
described in greater detail. Additional data may be included at the discretion of the
author.

Energy Input/Output Diagrams: There should be one set of enerey
input/output diagrams for each collector, and for each experiment if variations require

it. An example is given in Figure 6.
The following specifications should be used for the definition of axes and title:

TITLE - DAILY INPUT/OUTPUT DIAGRAM FOR "COLLECTOR NAME" AT
"PROJECT SITE". "PERIOD"

Y-axis
Title: Energy from Collector (Q112/A100), MJ/m? - day
Scale: 1 em = IMJ/m? - day
X-axis
Title: Energy Onto Collector Per Unit Aperture (H001), MJ/m? -day
Scale: 1 em = 2 MJ/m?® - day |

The diagram should show the measured daily points indicating the different tem-
perature difference ranges by different plot symbols. Regression lines should be

included. There should be a plot for each experimental period.

Each diagram will consist of separate plots for temperature ranges (AT) given by:
A: AT<15 C
B: 15C< AT<30C

C: 30C< AT<54C

G: 90 < AT <105 C, ete.
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ENERGY FROM COLLECTOR ( Mj/m? - day)

(Q112/A100)

10—

W
1

A O

D E_|Multi-Linear )

aT,°C  [l45-60[60-75 | Regression
x-intercept || 6.07 | 6.45 | iy
Slope  [10.494|0.452 | Wiy
No.of Points [ 46 35
Corr.Coeff. R || 96.0{ 95.2 )

Multi Linear Regression:
Q112=0033+0611 x HOO1- 0 34xaT

20
ENERGY ONTO COLLECTOR APERTURE ( M} /m*-day)
( HOOT )

Figure 6: Daily Input /Output Diagram for "Collector Name"
at "Project Site". "Period'".




where A T is defined as the difference between average collector temperature and
ambient temperature = T100 — T001. If only a few points appear, a plot may be
omitted and the points placed on the adjacent temperature difference range plot. The
temperature difference range shown should be suitably modified (e.g., 45-60 and 60-75
modified to 45 - 75).

Statisties

Each [/O diagram will include a table showing the following statistical informa-

tion: X-intercept, slope, number of points and the correlction coefficient R, where R is
defined as*:

o n$oy - N2y
VOEEPBEVDWE Y

where n is the number of pairs of {z,y} values, and summation is over n.

Collector System Efficiency Diagrams: There will be plots of collector system
efficiency curves and selected hourly efficiency points for each different collector array
and for each experiment, if variations require it. See Figures 7. The points will be
selected at times when the system has been running continuously during each hour and
from one hour before noon to two hours after noon. Noon is apparent solar time
corrected for collector array azimuth. The capacitance correction will be applied to
the results. H100 and H101 are to be the energy incident on the collector aperture.
Points on a monthly or seasonal basis may be included. The plots should use the aver-
agé collector temperature T100 and ambient temperature T001 in the definition of
X-axis {i.e., [T100 - T001]/G100).

Include the values of the aperture area A100, F'r @, F'Up and C100 on the collec-
tor system efficiency diagrams. Discussion of the method of calculation of C100 should
be included in the test.

The following specifications should be used for the definition of axes and titles.

TITLE: COLLECTOR ARRAY EFFICIENCY FOR "COLLECTOR NAME" AT “PRO-
JECT SITE". "PERIOD"

Y-axis

*From "Regression Analysis” by W. E. Carscallen, National Research Council, Canada, paper presented at International
Energy Agency TASK VI meeting, London, Aug. 1981.
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Title: Collector Array Efficiency (Q112 + Q105)/H100
Scale: 2em = 0.1 = 10%

X -axis

Title: Normalized Temperature Difference (N108 = [T100 - T001|/G100)
Unit: K m?/W

Scale: 5em = 0.05 K m% /W

Energy Histogram

Each collector efficiency plot shall include an energy histogram showing the distri-

bution of collected energies as a function of N108 (normalized temperature difference).
The N108 interval width should not be greater than 0.01 K m?/W.

Only those points which are plotted on the diagram should be included in the cal-

culation of the energy histogram. The histogram should be vertically scaled in order to

avoid overlapping of the histogram with the data points. Sum of bar heights must add
up to 100. '

There should be a separate colléctor efficiency plot with all hourly efficiency

points without the "centre of day” restriction. The plot should also include the energy

distribution histogram.

Regression Analysis

Regression lines should be drawn provided the range of the points is sufficiently
large. For each plot the z-axis will be divided into bins (0<z <0.05,
0.05 <z <0.1, 0.1 <z <0.15, etc. For 7th bin on the z-axis, calculate the average

value of z- and y-measurements as z and Y;, and evaluate the standard devia-
tion S; as
1/2
(y; - 171')2

i=1
Si =

n;

n,-—l

where n; is the number of (z,y) measurements in the 7th bin. Then calculate the

weighted regression coefficients m" and &" as follows™:

*From "Regression Analysis” by W. E. Carscallen, National Research Council, Canada, paper presented at International
Energy Agency TASK VI meeting, London, Aug. 1981.
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szt [sasst] - 5 s

m'
Sz /S 2
4_4'::1/ 1
- 2 - E 1—71'2/31'2
M 1/5;
and
= a2 = o2
v >4 /S; . 3z,/8;

2 ™ 2
> 1/5; 2 1/8;
Plot the line y = m"z + b". For each Z; and §; plot a 3S; vertical bar and indi-
cate the centre of gravity (z;,y;) by a circle; see Figure 7a for an example.

ii) Manufacturers collector curve should be included where available.

Energy Flow Arrow Diagram: There will be an energy flow arrow diagram,
one for each sysiem and one for each experiment if warranted. These plots are prefer-

ably seasonal, but may be on a monthly basis.

Auxiliary energy contribution and total load need not be drawn to scale, however,

actual quantities should be indicated. See Figure 8.

Energy Supply and Delivery Bar Charts: There will be bar charts depicting
energy supply and use. See Figure 9.

The following specifications should be used for the definition of titles and axes.

TITLE: AVERAGE ENERGY SUPPLY RATES FOR "COLLECTOR NAME" AT
"PORJECT SITE". "PERIOD"

Y-axis
Title: Average Solar Energy Supply and Delivery Rates,
MJ /day — m?
Scale: User defined, left side: MJ /day — m?®

right side: MJ /day
X -axis

Title: Months
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{Nov 1, 1980 to March 31, 1981)
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Figure 8: Energy Flow Diagram for "Collector Name" at "Project Site". "Period".






Scale: It is recommended that the width of the bars and spaces between the bars

be 1 cm and 1/2 cm, respectively. Show only percentages.

Monthly average collector operating (T100) and ambient (T001) temperatures
should be included with the energy supply and delivery bar charts. Also show number
of days included in each month. See Figure 9.

Average Energy Use Rate: There will be bar charts depicting energy use rate.
See Figure 10. The following specifications should be used.

TITLE: AVERAGE ENERGY USE RATE FOR "COLLECTOR NAME" AT "PRO-
JECT SITE". "PERIOD"

Y-axis
Title: Average Energy Use Rate
MJ /day — m?
Scale: as in Energy Supply and Delivery Bar Charts above.
X -axis
Title: Months
Scale: as in Energy Supply and Delivery Bar Charts above.
Monthly average storage and ambient (T001) temperatures should be included

with the energy use bar chart. Also show number of days included in each month.

Average Monthly System Efficiency and Solar Fraection: There will be a
histogram depicting average monthly system efficiency (N200, see Table 4) and solar
fraction (N901). Also, include average annual values. See Figure 11. The following

specifications should be used.

TITLE: AVERAGE MONTHLY SYSTEM EFFICIENCY AND SOLAR FRACTION
FOR "COLLECTOR NAME" AT "PROJECT SITE". "PERIOD".

Y-axis
(Left) Title: Monthly Solar System Efficiency N200 (%)
Scale: 2 em = 10%
(Right)} Title: Monthly Solar Fraction of Gross Load N901 (%)
Scale: 2 em = 10%
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X-axis
Title: Month
Scale: as in Energy Supply and Delivery Bar Charts above.
Monthly average storage and ambient (T001) temperatures should be included.

Also show number of days included in each month.
Additional Data

There will be several day long hourly history of key quantities. Wherever possi-
ble, tables should be present in the reports that enable the reader to reconstruct any of

the required summary graphics.

Item 12. Format for Presentation of Simulation and Modelling Results and

Comparison with Measured Data

In presenting this section, it would be identified as Section 7.7. The following
specifications may be used for the definition of axes and titles. Suffices "s" and "m’
represent simulated and measured quantities respectively. The nature of the plots and

charts is clear from the titles.

Title: Simulated vs. Measured Daily Colector Output (see Figure 12)
Y-axis

Title;:: Q112s (MJ /day)

Scale: User Defined (MJ /day)
X-axis

Title: Q112 (MJ /day)

Scale: User Defined (MJ /day)

Title: Absolute Error of the Simulated Collector Qutput (see Figure 13)
Y-axis

Title: (Q112s - Q112m) (MJ /day)

Scale: User Defined (MJ /day)
X -axis

Title: (Q112m/A100) (MJ /day)
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Figure 12: Stmulated vs. Measured Daily Collector output for
"Collector Name" at "Project Site". "Period".
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Figure 13: Absolute Error of the Simulated Output for
"Collector Name" at "Project Site". "Period".

Scale: lem = 1 (MJ /m? — day)

Y-axis
Title: 100* (Q112s - Q112m)/Q112m (%)
Scale: lem = 10% (or lem = 1%)

X-axis

Title: Q1125/A100 (MJ /m*® — day)

Scale: lem = 1 MJ /m® — day

Y-axis

Title: Q112/A100 (MJ /m?® — day)

Scale: lem = 1 MJ /m? — day

X-axis

Title: Month

Title: Relative Error of the Simulated Collector Output (see Figure 14)

Q112 /Ac
(M} [day-m?)

Title: Monthly Measured and Simulated Collector Output (see Figure 15)



Figure 14: Relative Error of the Simulated Speci fic Output for
"Collector Name" at "Project Site". "Period".

Scale: -

Storage

Plot of simulated and measured storage temperatures (e.g. mixed or stratified) as

a function of time may be provided.

Simulation I/O Diagram

Plot of simulated Q112s/A100 vs HOO! may be included. Scales as in correspond-
ing measured I/O diagram.

Alternate Presentations

Comparison of other variable quantities (e.g. solar fraction, energy balance, etc)

may be presented as bar charts, histograms, phase plane plots, ete.

Item 13. Discussion (Chapter 8)

The results presented in Chapters 7 should be thoroughly discussed. Anomalies in
system or subsystem performance should be explained. The discussion should refer
directly to the tables and figures and should not rely on values which are not
presented. Experiences described in Chapter 6 should be related to the results in
Chapter 7.
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"Collector Name" at "Project Site". "Period".
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After reading this chapter the reader should have an understanding of the thermal
performance of the system. Sufficient information should be presented such that the

reader could develop his own conclusions.

Item 14. Conclusions and Recommendations (Chapter 9)

Based on the information provided in all previous chapters, the researcher should
now be in a position to present his own conclusions and resulting recommendations.
They should be distinct and concise with the discussion being limited to qualifying the
conclusions. State the feasibility of the evaluated solar energy system and/or subsys-
tems. Indicate the extent to which project goals have been met. If appropriate, the
economic conclusions should be discussed. From the conclusions should follow the

researcher’s recommendations, and scope for future work.

Item 15. References and Bibliography

Information on all related backup reports is requested including specific instrue-

tions as to where they may be obtained.

Itern 18. Appendices

Appendices should be included in the order they were cited in the text. It is
recommended that appendices be numbered in relation to the chapter numbers (i.e.
Appendices referenced in, for example, Chapter 4 should be numbered as Appendix 4.1,
4.2, etc.)



Notes on Preparation

TOP

Notes on preparation of diagrams, plots and chars

2. The titles for the axes may lie outside this rectangle.

3. 'Use 8% inch by 11 inch paper, if possible.

1. Please make sure that your diagrams, plots abd charts fit within this rectanglg

v
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