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ABSTRACT

Simplified, non-computer based methods are presented for
predicting photovoltaic array and system performance. The
array performance prediction methods are useful for calculating
the potential output of passively cooled, flat, south facing
max-power tracked arrays. A solar/weather data base for 97
different U.S. and U.S. affiliated stations is provided to aid
in these calculations. Alsc, performance estimates can be
made for photovoltaic systems (array, battery, power
conditioner) that are backed-up by non-solar reserves capable
of meeting the load when the solar system cannot. Such
estimates can be made for a total of 41 different sinusoidal,
unimodal, and bimodal diurnal load profiles from appropriate
graphs included. These allow easy determination of the
fraction of the load met by the solar photovoltaic system as a
function of array size and (dedicated) battery storage
capacity. These performance graphs may also be used for
systems without battery storage. Use of array manufacturer's
specification sheet data is discussed. Step-by-step
procedures, along with suggested worksheets, are provided for
carrying out the necessary calculations.

Prepared for Sandia National Laboratories under Contract No. 13-0313
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Nomenclature

Most Common Umits

in thie Guide

Capacity of the dedicated electrical emergy
(see eq. 3.1)

A dimensional ratio of storage capecity to
the product of array area and moathly average
This parameter is impor-
tant in predicting system performance im
meeting a given load. When used in Table
III, units must be Wh/(m3°%) (szee eq. 3.3)

Monthly average solar fractiom or fraction
of the load that is met by the solar system.
The back-up energy source must meet (1-F)

The clearness number or ratio of monthly
total radiation (beam and diffuse) on 2 hozr-
izontal surf.ice to what would fall on that
surface if the surface were located above
the atmosphere (the latter is referred to

as the extraterrestrial radiation)

Monthly average ¢aily load

Nominal Operating Cell Temperature or the
temperature of the cell in an array or mod—
ule under specified irradiastion, ambient
temperature and wind speed conditions

Honthly average daily electrical output

from the power corditiorning uvait per umit
array area if the instantanecous array output
could always be used to meet the load or some

The ratio of the daily potential power con—
ditioning electrical output (for the full
array) to the daily load. Momthly average
daily values are used. This is a2 potenmtisal
solar fraction that would be realized with
infinite, loss—free storage

Monthly average daily array imsolation or
solar emergy falling on the array

Symbol Significance
B
storage
B/An
array efficiency.
F
of the load
KT
I Current
L
NOCT
QE/A
part of the load
QE/L
QSs/A
(QS/A) 3

vi

Instantaneous imsolation

wa. t-hours

Wh/ (m3+%)

dimensionless
decimal

dimengionless

amps

kWh

kWh/m?

dimensionless
decimal

k¥h/m3

kW/m?



WS

Power

Array tilt up from horizontal

Optimum s for maximum monthly energy collec—
tion (see Table II pg. A-58)

Ambient temperature

Monthly average cell temperature for calcu~-
lating monthly average comversion efficiency

Instantaneous cell temperature

Monthkly average ambient temperature (averages
of all the daily high and low temperatures
for the month) as compiled by the National
VWeather Service

Some reference cell temperature for whichk
ruodule efficiency (or maximum-power) is given
by a manufacturer

Thermal loss coefficient for héat rejection
botween the cells in an array or module and
smbient (see eq. 2.1)

Voltage

Monthly average wind speed

varioug
degrees

degrees

kW/ (m2+C)

volts

nls
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Greek ' Most Common Umits

Syabols Significance in this Guide

a Solar absorptance of the photovoltaic dimensionless
array decimal

B Temperature coefficient for array c 2
efficiency

n Array or module efficiency for conversion %
of incident solar energy to electrical
output

Npo Power conditioning efficiency %

e A reference array or module efficiency %
for converting solar emergy to electrical

output when the cells in the array or
module are at a stated temperature T,

oo} Latitude degrees

Subscripts Significance

a Ambient

[ Cell

high A typical high value of the subscripted variable that may
be expected over many years

i Instantaneous value

lat The value of the subscripted variable when the erray tilt
is equal to the local latitude angle

low A typical low value of the subscripted variable that may
be expected over many years

mp Maximum power point

pc Power conditioning

r Reference

viii



CHAPTER 1
INTRODUCTION
1.0 PHOTOVOLTAICS

Although the photovoltaic effect was first observed in 1839, it
was the space program of the 1960’s that stimulated interest in and
demand for solar cells. Solar photovoltaic systems om earth
satellites and space probes offered the advantage of directly tapping
a renewable resource, thus allowing extended missions in hostile
environments.

Interest in the terrestrial use of photovoltaic solar systems has
blossomed over the past 6 to 8 years for exactly the same reason: the
need to harness renewable resources for extending the mission of human
habitation of the planet earth at the energy comsuming level to which
man has become accustomed.

Terrestrial photovoltaic solar systems are presently economical
for many remote applications where costs of other alternatives, such
as extending utility power lines or transportimg fuel, are very high.
Past examples have included remote repeater, phone and radar stations,
navigational buoy lights, off-shore platforms, and pipeline corrogion
protection, Figure 1.1, for example, shows a 3.5 kilowatt (peak)
photovoltaic array that provides some electrical power for the remote
town of Schuchuli, Arizona, U.S.A., which is not connected to a
utility grid. Figure 1.2 shows a 60 kilowatt, 1,110 square meter
(12,000 square feet) array at Mount Laguna Air Force Station in
California that is backed up by a diesel powered grid.

In order to reduce costs and speed the introduction of
photovoltaics into more energy intensive terrestrial markets, the
national solar program is expending considerable effort in all areas
of this discipline, including solar cell physics, array manufacturing
technigues and stimulation, system studies and the removal of barriers
to acceptance. There is evidence that the national program is on
target for mecting its factory f.o.b. module price goals of $2.80 per
peak watt by 1982 and $0.70 per peak watt by 1986 (1980 U.S. dollars
assumed). Even though there can be no guarantees that these goals can
be met, it is exciting to speculate about the possible wide-scale use
of this technology.

As the markets grow and prices drop further and further toward the
program goals, many new applications will become feasible. For
example, the widespread use of photovoltaics in residential and
commercial buildings will hopefully become a reality in the near
future. Figure 1.3 shows a prototype of a photovoltaic powered
residence that was established in the summer of 1980, to study
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component and system operation end problems. This system is commected
to a utility for back-up and feeds any excess solar generated
electricity to the grid.

In addition to the hardware costs of photovoltaic systems,
significent amounts of the total cost of imstallation are presently
due to the engineerimg design work involved. This is primarily a
result of the lack of both design experience and easy to use design
aids for dealing with this emerging technology.

1.1 INTRODUCTION TO THIS GUIDE

This Guide is imtended to help bridge the gap between high cost,
sophisticated, one—~of-a-kind design and low cost, wide-scale, rapid-
but-reliable design. It is a part of the overall matiomal plan for
speeding the widespread adoption of photovoltaic solar emergy systems.

The purpose is to provide informatiom for sizing photovoltaic
arrays and battery storage for meeting particular electrical loads im
various geographical locations. A designer may make use of the design
procedures recommended in this Guide if he has chosen to use south
facing, flat, wunconcentrated, maz—power tracked photovoltsic arrays
and has some bagic information on sarray behavior that is gemerally
available from manufacturer’s data. The array ountput calculations,
along with the basic data sources and worst case insolation results,
are widely epplicable to many types of photovoltaic sys‘ems. However,
the systems (array, power conditioning, aend battery used to satisfy a
given diurnal load shape) analysis is restricted to systems that have
a back-up power source capable of meeting the load when the
photovoltaic system cannot.

This Guide is not necessarily intended to be an alternative to
hourly computer simulation, but it should be useful for preliminary
design work and could eliminate simulation studies for small and/or
routine installations. Hourly simulation c¢an answer some design
questions that are not addressed by the simplified techniques
described here (for example, frequency distributions of the power
oatput). On the other hand, it is easy to overlook the assumptioms
that are necessary in hoerly computer simulation and become
overconfident in the results.

Any design method will be subject to uncertaianties dae to many
factors. Chief among these are: (a) the extent to which photovoltaic
manufacturer’s sales data represent the modules that are sold and the
extent that module data can be unsed to infer array behavior, (b} the
sxtent to which the designer knows his load (size, shape and fluctwa—
tions), and (c) the extent to which long term insolation and weather
data (including fluctuations from the long term data) are kaown.



Fig. 1.1 Photovoltaic Village Power Project — Schuchuli, AZ, USA.

This 3.5 kilowatt (peak) solar photovoltaic system is designed to
meet the basic needs of the people of Schuchuli, AZ. This stand-
alone system has lead—acid storage batterisz but mo other back—up
power system. It provides power for 40, 20 watt flourescent
lights distributed among the homes and community buildings, @
water pump (up to 5000 gallons per day), 15 refrigeratozr/freezer
units, a clothes washer, and a sewing machime. (Photo courtesy
of NASA, Lewis Research Center,)
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Fig. 1.2 Solar Photovoltai-r Power Avgmentation — Mt. Laguma, CA, USA.

U.S. Air Force personmmel at Mt. Laguma Air Force Station, CA, receivs
an average of 10 percent of their electrical emergy from the sun.
The 60 (peak) kilowatt photovoltaic flat array system has an array
area of 1,110 sq m (12,000 sq ft), occupies 3,000 sq m (32,000 sg ft)
of land area, and comgists of nearly 98,000 individual silicon solar
cells, The arrays are tilted 25° up from horizoatal. A power
conditioner mazimum- power tracks the array amd converts d-c¢ to a-c to
match the station’s 480 volt, 3—phase power from a2 diesel gemerator
plant. (Photo courtesy of U.S. Army Mobility Equipment Research and
Development Command.)



Fig 1.3 Residential Photovoltaic System—Phoenix, AZ, USA

This model tract home in Phoenix, AZ, has its south
sloping roof covered with solar cell modules. The array
congists of 5 paralleled sub—arrays, each of which runs
laterally across the roof., Interconmections are made in
the batten seams that run vertically up the roof. The
small shed like structure on the near end of the residence
houses the power conditioning equipment. No on-site
electrical storage is gpr-ovided; excess power is fed back
to the utility grid. Although the array produces roughly
enough energy to meet the total requirements of the home,
the solar system suppiies, directly, only 30 to 40% of the
total need because of the diurnal mismatch of array output
and load. (Photo courtesy of ARCO Solar, Inc.)
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Vhat This Guide Will Do:

Provided a designer has some information about the load he intends
to satisfy and the particuler arrays he inteads to use, he may use
this Guide to:

A. Compute potential array performamce for his location and
season if he has certain site specific solar/weather data available.
Data for 97 representative U. S. or U. S. eaffiliated statioms are
included in this Guide in case site specific data are not azvailable,
Performance parameters addressed include:

a, monthly average array efficiency,
b. monthly average array insolation or solar irradiation
c. monthly average array and power conditioming oumtput.

These parameters are immediately useful for systems in which all of
the photovoltaic array and power comditioner output can be used in
meeting the load (i.e., if the load always exceeds the array amd power
conditioner output), In systems where the array and power conditiomer
ountput can exceed the load and action must be takem to store, to dump,
to avoid collection, or to feed the excess power back to a atility or
grid, then these paersmeters camn still be wuwseful by aiding im the
determination of system performance.

B. Compute wmonthly average syste> (array, storage, and power -
conditioning) performance fur 41 difi-emt monthly average dimrmnal
load profiles, The system performance procedures are restricted to
flat arrays operating with a back-up grid that is capeble of
supplying reserve power any time the photovoltaic system is unable to
meet the load, Various amounts of dedicated storage (i.e., storage
that is chargeable only from the photovoltaic array and not from the
back-up grid) can be accommodated including zero storage.

Yhat This Guide Will Not Do:

This Guide is not intended to be a primer on solar emergy, solar
cells, photovoltaic arrays, or batteries, Although it will allow the
determination of overall system performance in terms of the fraction
of a given load supplied by solar, this Gmide will mot give details on
how to evaluate the economics of & particular system choice. Design-
ers are referred to Reference 1 for a detailed discussiomn of life
cycle costing or cost—bemefit analyses and to Reference 2 for a
step~by—-step economic evaluation for photovoltaics.

Also, this Guide will not provide information on detailed design
either from a mechanical (mounting structure, wind loading, etc.),
civil (building codes, regmlatioms, etc.), or electrical (electrical
connections, diodes, transient protection, module matching, etc.)
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standpoint. These are all outside the scope of this work. Designers
are referred to, for example, Referenmce 3 for a treatment of many of

the electrical design features,

1.2 ORDER OF THIS GUIDE

Most simple procedures, when laid out in a step~by—step fommat,
look more complicated than they really are. Such is the case here.
This may be confirmed by executing the process presented in Chapters 2
and 3 a few times.

The procedure for determining system performance, as preseated in
this Guide, consists of two major steps., In the first part, & user
determines the array output that could potentially be obtained with
either a load capabla of absorbing all of the available output or the
presence of infinite, lossless storage. In the second part, the user
calculates the potential or maximum solar fraction, from the potemtial
array output and the size of the load, and combines it with a battery
capacity parameter to yield the actual solar fraction. This last
combination is done with graphs prepared for various diurnal 1load
shapes.

These two major steps are covered in Chapters 2 and 3, Chapter 2
outlines the procedure for estimating potential array performance and
output for various geographical locations. It refers to an extemsive
table of solar/meteorological data for the U.S, and several of its
affiliates which can be used in the absence of data that may be more
site specific,

Chapter 3 ountlines the procedure for predicting system performance
and discusses itz use and limitations, The procedure makes use of an
extensive table of graphs found in the appendix.

Chapter 4 is devoted to example problems which demonstrate and
clarify the procedures outlined in Chapters 2 and 3.

The development of much of the work underlying the procedures
described herein is documented and discussed in Reference 4. Since the
intent is to make this Guide as short and usable as possible no
further documentation will be given,
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CHAPTER 2

PREDICTING POTENTIAL ARRAY
AND
POWER CONDITIONER PERFORMANCE

2.0 BACKGROUND

This chapter outlines a procedure for estimating monthly
photovoltaic array performance using a minimum of information. It
should be used only for south facing flat arrays having a fixed tilt
during any given month. (The tilt may vary from month to month,) The
procedure assumes that the arrays always operate at the maximum power
points of their curremt-voltage (I-V) curves.

The electrical energy produced by a photovoltaic array is
considerably less than the energy absorbed from the incident solar
rays. The balance of the solar energy must be efficiently rejected in
order for the array to remain cool, Tke procedure described here
assumes that an array rejects this extra energy to the surroundings by
passive means, i.e, radiation and natural convection. This Guide
shonld not be used if the emnergy rejection occurs by other means, e.g.
by cooling with blown air or flowing liquid.

In order to use this procedure for a particular photovoltaic
array, certain performance related parameters must be obtained from
the array manufacturer, Unfortunately, there is not yet a uniform
standard for reportimg this array information, In many cases, the
necessary parameters can be calculated from the information that is
supplied on product specification sheets while in others the manu~
facturer will have to be contacted. In som: cases, estimates will
have to be made,

2.1 ARRAY THERMAL PERFORMANCE

One important array property that is product dependent is the
efficiency for rejecting thermal energy to the surroundings. This
property is important since, for any given manufacturer’s array, the
operating efficiency is primarily a function of array temperature?

*0f course actual efficiency is strongly dependent on cell physics,
density of packing of cells in a module, encapsulants, etc., but for a
given manufacturer’s product, these are essentially fixec. Of the
local envirommental variables that affect array performance, temper—
ature is the most dominant,
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The poorer the heat rejection, the higher the array temperature and
the lower the efficiemcy. A commonly cited parameter that contains
information on this efficiency is the Nominel Operatimg Cell
Temperature or NOCT. As mentionmed above, the conditioms under which
NOCT is determined have mnot been standardized. However, the
conditions under which a r:irticular manufacturer has determined the
NOCT for his array is usually available in product literature.

Fpur items shkould be moted wher using NOCT data. They are:

1., the total insolation (beam and diffuse) or solar irradiatiom
fluex, @S/A, on (normal to} the array when the NOCT
measurement is made,

2., the temperature of the ambient air surrounding the array, T,,

3. the wind speed and direction (the wini should be near 1 meter
per second and into the array),

4, the instantaneous cell temperature, Te, i (or NOCT), uander
these conditions,

The term ''loss coefficient'’ (here given the symbol Up) is
commonly wused to express the efficiency of heat rejectiom for the
array. In photovoltaic arrays the ratio of Up to the solar
absorptance (e¢) of the array is important, not just Uj. This ratio of
loss coefficient to absorptance can be computed from

Te,i = Ta

2

Op/a =

where (QS/A);, T;,j, and T, are simultaneous measunremts of the array
insolation per wunit array area, cell temperature, and ambient
temperature, respectively, U is implicitly related to wind speed;
therefore, the value used in the procedures outlined below should be
representative of the wind conditions experienced by the arrays.

The procedure in this chapter requires knowledge of either NOCT
or U/a. If meither an NOCT nor information from which Up/e can be
calculated is available from the manufacturer, then the designer must
resort to either estimation or thermal analysis.

2.2 ARRAY REFERENCE EFFICIENCY

Another property that is highly product dependent is the
efficiency for converting imcident sunlight into electricity. Maximum

10
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power® operation is assumed in the procedures outlined in this Guide.
Under this comdition, the actual conversion efficiemcy, n, is, to good
approximation, linearly related to cell temperature T; by

n = np[1-B(T~Tp)] (2.2)

The procedure that follows predicts the monthly average cell
temperature (T;) which can be used to estimate monthly average
efficiency from eq. {(2.2) if n,, T, and P are known to the designer.
These latter quantities are discussed in the following paragraphs.

Usnally, product information is complete enough to allow calcula-
tion of a referemce efficiency, m,, at a stated (reference) gell
temperature, T,. For example, if an array module max-power current,
Inp, and max-power voltage, Vpp, (or their product, Pyp,, the maximum
power) are given at some temperature and insolstion, an appropriate v,
can be calculated from

np=2mp " Ymp_ . 300=__Pmp . 100 (2.3)
A -+ (0S/4); A - (GS/A);

where (QS/A); is the instantaneous insolation on a unit area of the
array and A is the area of the array module (the 1ud's that appear in
eq. 2.3 convert efficiencies to percent which is the way they are ex—
pressed in this guide). T, is taken to be the gell temperature at
which these electrical properties are measured. Care should be taken
in eq. (2.3) to make certain n, is dimensionless,

The array efficiency temperature coefficient, P, in eq. (2.2) is
vsually not explicitly givem in product specification sheecs.
However, occasionally enough information is provided to allow the
calculation of this parameter. Vhenever two different efficiencies
(or enough information to calculate two efficiencies) are given at two

different cell temperatures but the same insolation, B can be calcu—

lated. Suppose these efficiencies are n, at Tc,i=T1 and n, at
Tc,i=Tz' Then
1_
p = 1=(ny/ny) (2.4)
T,-T,

*7 . . .

n max-power operation the voltage on the array is continuously
adjusted so that electrical power production is always maximized. The
device that maintains the voltage at the max-power value is referred
to as a max—power tracker, and is often an accessory item that
accompanies the power conditioner or inverter,

11
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If insufficient informatiom is given, them the designer has te
resort to estimation, Fortunately, B is mainly cell material
dependent. For silicon arrays a reasomable value to uwse is 0.0045 C2
and for cadmium sulfide arrays 0.006 C* is recommended.

2.3 POWER CONDITIONING

In tke procedures outlimed inm Sectiom 2.5, the designer must
specify Npos» the power conditioning efficiemcy (im perceamt). Many
applications require alternating curreat (a-c) power, whereas
photovoltaic arrays produce direct curreat (d-c) power. 1In these
cases, the designer must use an inverter betweem the array and the
load to convert the d-¢ to a-c. Vhere the application requires
regulated d-c power, szome sort of power conditioning umit must also be
included in the design.

Although the coaversion efficiencies of imverters and power
conditioning equipment are typically functions of the amoumnt of power
being processed, they are surprisingly independent of part—-load-ratios
over a large part of their operating range. (It must be remembered
that array output power will vary drastically over amy particular
day). This fact usually simplifies the selection of a monthly average
power conditioning efficienmcy, Mpce Typical values of Nipc are in the
range of 80 to 95 perceat.

2.4 MONTHLY AVERAGE POTENTIAL ARRAY AND
POWER CONDITIONER OQUTPUT

. For an appropriately determinsd monthly average potential array
efficiency, n, determined from eq. (2.2), the monthly average daily
energy output per unit area of array (incleding power conditioning
losses) is given by

QE/A = Tpe . M . qg/aA (2.5)
100 100

where QS/A is the monthly average daily imsolation on a unit ares of
the array. The procedure outlined in the next section provides the 3
that makes eq. (2.5) applicable for obtaining monthly average results.

2.5 THE PROCEDURE FOR CALCULATING POTENTIAL ARRAY AND
POWER CONDITIONER OUTPUT
Worksheet 1, several copies of which can be foumnd at the emnd of

the appendixz, should aid in the calculation of array monthly potential
performance. The steps enumerated below are keyed to that worksheet:

12
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Step 1 Obtain n, and T, from manufacturer's data, Ente= these values .
at the top of VWorksheet 1. Do not try to estimate or gumess their
values, If n, for some cell temperature, T;,® cannot be calculated
from data supplied in specification sheets (see Section 2.2), contact
the manufacturer directly.

Step 2 Obtain p from manufacturer’s data and enter it at the top of
Worksheet 1. See Sectiom 2.2 for the method of calculation. If
sufficient information is not available, nse 00,0045 Ct for silicon
and 0.006 C2 for CdS arrays, or ask the manufacturer,

Step 3 Obtain NOCT gnd NOCT conditions from manufacturer'’s
specifications. This NOCT will be needed to enter Fig. 2.1 in Step 9
below. If the conditions given by the manufacturer fall outside the
limits of scales Al, A2, A3 or A4 on that figure or cannot be used
with these scales, calculate Up/a from eq. (2.1) for entry on scale B
of Fig, 2.1. If insufficient data exist to determine either NOCT or
Ur/e, contact the manufacturer. Enter the appropriate values on the
top of Worksheet 1.

Step 4 If the array output power is to be processed through power
conditioning equipment, estimate n,; from the equipment manufacturer’s
data and enter its value on Worksheet 1.

Step 5 From Table I in the appendix, determine which station for
solar/meteorological data best represents your location. Use the key
maps on pages A-1, A-2, and A-3, to aid in finding this station in
Table I. Table I is arranged alphabetically by station, but lists of
the stations sorted by station, state, and latitude can be found on
pages A-4, A-5, and A-6, respectively, Of course, if more site
specific weather/insolation data are available they should be used,
but they must be exactly the same quantities as listed in Table I.
See Section 2.8, Table I and the Use of Other Data Bases, for further
discussion,

Step 6 Calculate the monthly optimum tilts using the site latitude
and the equations found in Table II on page A-58 of the appendix,
Enter the computed values in column C3 of the worksheet., Decide upon
the array tilt to be used. Arrays that are to be adjusted im tilt
each month can be accomodated in this procedure, Enter the monthly
tilts to be used in column C4 on Worksheet 1.

The choice of tilt, s, will depend on the application. If
optimum energy is desired and monthly adjustment of the tilt can

iihe specific value of T, is not important as long as it is a cell
temperature (not an ambient temperature) and Ny is the array
efficiency at that T,
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be made, s would be set equal to sy each month. A desigmer would
vant to ascertain that the cost of monthly adjustment is more
than offset by the valuwe of the inmcreased electrical outpat.

If a fizxed yearly tilt is to be nsed and maximum yearly emergy
production is desired, s would essentially be set equal to the
tilt giving the largest yearly total insolation. Differences in
monthly efficiency would alter this choice only sightly. Table I
lists yearly insolation (YRT) for various tilts.

If optimum energy collection is desired for a particular month or
season but a fixed yearly s is required, s would be selected from
Table I to meximize insolation durinmg that period. Energy
production at other times of the year will suffer, however.

Step 1 Transfer WS, KT, TM and QS/A from the data for your station in
Table I to columns C1, C2, C6 and C9, respectively, of Worksheet 1. A
key for reading Table I can be found on page A-7.

The wind speeds, WS, that appear in Table I are SOLMET data from
Reference 5. Something less than the WS's shown in Table I (but
not less than 1 meter per second) should be entered on Worksheet
1 dume to the fact that arrays are typically mounted lower in the
earth’s boundary layer than are the National Weather Service wind
measuring instruments., A value that is 50 to 75 percent of the
tabulated valwe is recommended. A sengitivity stedy of the
influence of WS on n cen easily be performed by computing n at
several assumed wind speeds.

0S/A is the average daily array insolation per array area and
must correspond to the monthly tilts givem in columm C4 of the
worksheet. That is, enter Table I with the array tilt and month
to locate the corresponding QS/A. Interpolation between
tabuleted tilts will probably be necessary.

Step 8 Complete column C5 of Worksheet 1., ‘'*l---|*’ implies the
absolute value of s-sy. That is, if (s~sy) is negative, ignore the
minus sign whem entering the mumber ir columm C5.

Step 9 Determine T,, the average monthly cell temperature, by enter-
ing Fig. 2-1 each month with the valmes recorded on the worksheet.
Enter on either axis A or azxis B, depending on whether NOCT or Up/e is
known., If entering on axis A, begin at axis

Al if the NOCT is known for am insolation of 1 k%W/m? and an
ambient temperature of 20 C,

A2 if the NOCT is known for an insolation of 1 kW/m? and the
ambient temperature is different from 20 C. Subtract the
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Figure 2.1
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A3 if the NOCT is known for an insolatior of 0.8 kW/m? and an
ambient temperature of 20 C,

A4 if the NOCT is known for an isolation of 0.8 kW/m2? and the
ambient temperature is different from 20 C. Subtract the
known ambient egperatere 1rof - ] efore entering

axis.

After entering axis A proceed downward until intersecting the
wind speed curve appropriate for your location and month.® After the
intersection proceed to the right until reaching the clearmess number,
ET, curve for your location and month. If entry needs to be made into
Fig. 2.1 with a Up/e, begin at axis B and proceed to the left uatil
intersecting the appropriate KT curve. From the KT curve proceed
downward until intersecting the appropriate sloping |l-8u| curves
(labeled along azis C) for your installation and month. Then move to
the left until reaching the appropriate mean monthly temperature, TH,
curve for the month and site. Proceed downward to the horizontal axzis
D to obtain the monthly average cell temperature, T,, that can be used
in eq. (2.2). Enter this T; in column C7 of Worksheet 1.

Step 10 Calculate the monthly average irray efficiency, n, from eq.
(2.2) and enter the results in column C8.

Step 11 Calculate the monthly average daily energy potentially
available from the power conditioning unit per unit area of array,
QB/A, from eq. (2.5) and ecnter the result in columan C10., (Note that
n, Ny, and 7w, are assumed to be in percent when entered in the
worksheet. Thus the 100°s appear in the legend of columm C10.

2.6 DEPARTURES FROM LONG TERM AVERAGE BEHAVIOR

If the data of Table I have been used, the procedure outlined
above predicts long term monthly average array performamce, since the
values given in that table are averages over approximately 25 years of

*Note there are two sets of wind speed curves in Fig 2.13; the solid
curves represent arrays that are opem on both sides (e.g., free
standing arrays with no thermal imsulation) and the dashed curves
represent arrays that are well insulated om their back sides (e.g.,

integral roof mounting). It is imperative that the moun n
testing of the arrays during NOCT tests be equivalent to the way they

will be mounted and used in vour spplication, Do not use the free
standing NOCT's for arrays that will be insulated on the back and vice
versa.
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data. It is often desirable, however, to know the departures from the
long term average that may be expected im array performance.,

The most influential variable affectimg array output is the array
insolation or solar irradistion. Therefore, knowimg the variatior in
insolation that can be expected over the years aliows ome to predict
array output variations to be expected.

For any ome location and montk the monthly average array inmso-
lation varies nearly in proportiomn to the monthly clearmess number,
KT, for that location and month. Monthly departures from the loag
term average KT for any location and montk typically have a standazd
deviation of 0.04, although this increases somewhat in low ET
locations and decreases somewhat in high ET 1locationms. Thus,
multiples of this standazd deviation can be added to (subtracted from)
the long term monthly KT to obtain reasonable statistics on high (low)
array insolatior levels. For example, since 95.4 perceat of any
normally distributed set of numbers lie within ¥ 2 standard deviations
of the average, a monthly average array insolation level of

(QSIA)high = (QS/A) [ET + 2(0.04)]
ET

would be exceeded only 2.3 percent of the time. Likewise, & monthly
average ingolation level of

(QSIA)IOV = (QS/A) [ET - 2(0.04)1]

ET

would be exceeded 97.7 percent of the time, Here the unsubscripted
parameters are the long term average values taken from Table I of the
appendix. Using such high and low values for QS/A in eq. (2.5) gives
reasonable estimates of the high and low momthly average array output
to expect over the years.

2.7 CORRECTIONS TO BE APPLIED

The values of QS/A's listed in Table I do mot account for losses
in available solsr emergy that occur ir the early morning and late
afternoon when the amgle between the normal to the array and the
incoming solar rays is large. Also not comsidered are losses due to
shading of the array surface by either other parts of the array or by
nearby nom-array elements, and losses due to scattering of the inci-
dent rays by dirt accumulated on the array surface.

Although losses at high incidence amgles have not been quantified
here, they should be of the order of 5 percent or less.
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Shading losses are strongly dependent on the manner in which the
cells and modules are wired together and the ratio of array area to
the land area (this latter ratio is often referred to as the land
packing factor). For near latitude tilts, self shading of the array
(shading of ome part of the array by other parts) is not significent
at packing factors up to 0.3 to 0.4 and may be insignificant at values
larger than 0.4. Due to differences in the sun’s elevation in the
sky, the self shading losses are always much greater in the winter
than in the summer. By using diodes or by wiring series strings of
cells across the arrays (rather than up and down the arrays) shading
losses can be held to less than 1 or 2 percent at packing factors as
Ligh as 0.6. Shading by non-array elements (buildings, trees, power
poles, etc.) is highly site specific and should not be disregarded by
the designer,

Losses due to dust and dirt accumulation are typically onm the
order of 3 to 5 percent although they have been observed to be as higa
as 13 percent. In most locations raim is frequent enough to keep such
deposits at a near megligible amount.

Designers shounld wuse some discretion in the removal of such
losses as those discussed above from the calculated monthly QE/A’s.
The losses are difficult, if not impossible to quantify in a genersl
way; the choice of magnitudes needs to be tempered with experience.

2.8 TABLE I AND THE USE OF OTHER DATA BASES

The data base included as Table I is based on the monthly mean
temperatures, wind speeds and daily total (global) radiation on the
horizontal from Referemce §. The data represent averages for the
period 1952 through 1976. The original source for Reference § was the
SOLMET tapes (Reference 6).

The SOLMET data base was originally established by rehabilitating
measured data for 26 sites. Most of the systematic errors in the
original data were removed in the correction process while other
random and systematic errors were introduced. Insolation data for
over 200 other sites were then constructed by applying regression
analysis coefficients on a month to month basis, from the closest
SOLMET 1location, to synoptic data available for these additional
sites. The largest errors in the original SOLMET sites apparently
occur in winter in northern latitudes and may be as large as 10%.
Probable errors in the ’‘’‘regressed’’ data base are difficult to
quantify but are undoubtedly larger.

KT was computed from Reference 5 data by dividing the total

radiation on the horizontal by the extraterrestrial radiation om the
horizontal. Total radiation on the tilt data in Table I were then
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computed using the method of Reference 7, asgsuming a ground reflec-
tance of 0.2, (The accuracy of this computation is discussed below.)

Although the regiomalizatior developed in Reference 5 (see page
A-2) is convenient, anomalies that can occur within ery region,
particularly in mountaimous or coastal regions, can lead to errors.
" Users of Teble I are urged to apply discretion in this regard.

There are many data bases in use in the solar design community.
Unfortunately, very seldom do eny two or more of these bases give
identical results. Indeed, ome of the largest uncertaimties in solar
design mey result from uncertainties in the choice of data bases.

Because designers often have their favorite data bases and
becanse Table I can and will eventually be replaced with more accmrate
data, some discussion of the use of other information may be im order,

Useally if any data exist for a site they are total radiatiom on
the horizontal, In order to use the procedure developed here, a
designer must know KT. If a data bsse does not provid ET, it can be
computed by ratio/ng the monthly (or monthly average daily) total
radiation on the horizontal to the momthly (or moanthly average daily)
extraterrestrial radiation. This latter guantity can be obtaimed from
Fig 2.2 for the month and latitude of interest.

A designer also needs the monthly average temperature, TM, This
is often available from metcorological datz characteristic of the
site, Some data contain the monthly average temperature during
daylight hours which is typically three degrees above the average
temperature over all hours., Therefore, TH would be this daylight
temperature minus three degrees.

In principle, the wind speed information required is the monthly
average wind speed dering daylight hours at the array height above the
ground with the array in place. Such extensive informatiom ir rarely
available. Usually, st best, there may be some monthly average (all
hours) data at another height. Fortunately for mcny siteationms,
system performance is not strongly tied to wind speed.

The total radiation on the tilt, whick is perhaps the most impor-
tant variable, is usually the most difficult to obtains few measure-
ments exist. If the data base to be used does not include radiation
on the tilt, a desigmer is usually faced with comverting total radia-
tion om the horizontal to total radiation on the tilt., Although vol-
umes of papers have been written on suck a conversion, mo standard or
''pegt?’ method exists for doing this. Reference 8 does outline ome
step-by—step procedure for making this conversion. Various existing
data bases that all start with the same total horizomtal radiation
data show discrepancies of 3 to 5% and occasionally as much as 10% in
total radiation on the tilt,
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CHAPTER 3
PREDICTING SYSTEM PERFORMANCE

3.0 BACKGROUND

The information contained in this chapter is used to estimate
system performance, given an array performance prediction from
Chapter 2. The results from Chapter 2 that are mecessary here are the
monthly effective array output per uwnit area, QE/A, and the monthly
array efficiency, n.

This chapter introduces several additiomal qhnntities:

L - Monthly average daily electrical load (kWh)

B - Electrical emergy storage capacity (Wh)

F — Solar fraction, or the portion of the electrical load
supplied by the photovoltaic system,

3.1 LOAD

This number is determined by the application and must be supplied
by the designer, The monthly average daily electrical load, L, is
most accurately estimated by dividing the electrical load for anm
entire month in kWh by the number of days in that month if the
magnitude is relatively constant from day to day. If significant
variations occur from day to day, then the techniques of this chapter
will overestimate the actual solar fraction, since the performance
curves used assume repetitive daily loads over the month, If
significant differences occur on certain days of the week (e.g., if
weekend loads are different from weekday loads), then separate average
daily loads should be computed for these days and separate performance
estimates should be made. Monthly performance can be approximated by
taking a weighted average of these separate daily estimates.

3.2 ELECIRICAL STORAGE CAPACITY
Lead—acid batteries having a round trip efficiency of 80 percent
are represented in these calculations. Electrical energy storage

capacity, B (in Watt-hrs), is calculated from:

B [Wh] = Capacity per battery [Ah]l x Average voltage per battery [V
x Fraction of battery used x Number of batteries (3.1)

Battery manufacturers commonly size their products by amp-hour

capacity at a moderate discharge rate, e.g., ’'’30 amp-hours at the 10
hour rate.’’ The amp-hour capacity entered in eq., (3,1) should be
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this valuve, i.e., the capacity measured at a rate which caunszes
complete discharge in 1032 hours.

In the presemt application, the average voltage per battery is the
average voltage durimg both charge and discharge at approximately the
10-hour rate. A voltage per cell of 2.17 khas been implicitly assumed
in the performance curves that are used in the procedure presented inm
this Guide. Therefore, the voltage per battery to be used in eq.
(3.1) pust be 2,17 times the number of nominal 2 volt cells in series
within the battery. This value differs only slightly from the average
voltage of 2.12 which can be competed from the information of
Reference 9.

The ’’fraction of battery used’’ depends upon how deep a discharge
and kow high a ckarge are permitted durimg battery operation. For
example, if 60% of the total available battery capacity is utilized,
this factor wowld be 0.6. (The system’s power conditiomer or
regulator must momitor battery stste of charge and/or voltage and
regulate battery curremt accordingly.)

The number of batteries entered into eg. (3.1) is the total number
of batteries in the storage system. For example, if the storage 1s
arranged with 3 batteries in series amd 4 batteries in parallel, then
the - total number of batteries is 3 x 4 = 12,

3.3 SOLAR FRACTIONS

This chapter outlines how to calculate solar fractionms, F, on a
monthly and on an annual basis, Steps 1 to 7, listed in Section 3.4
below, detail how to estimate F for a single month., If these steps
are carried out for all 12 months, then an annusl F can be computed by
following steps 8 and 9.

In Step 5, several of the guantities discmssed in Chapter 2 and
Section 3.2 are combined to give the variables which are mecessary to
eventually obtain solar fractionms., These variables are:

QE/L = (QEB/A) - (1/L) - A (3.2)
and
B/an=1.p. 1. (8/M)1a 20 (3.3)
1 A as/A Mpc

QGE/L is the potential solar fraction in that is represents the
fraction of the 1load which could potentially be satisfied by
electrical emergy from the arrey if infimite, loss free storage were
available. In many cases part of the available array output caanot be
used immediately and must be stored, '’'dumped’’ (or mot collected), or
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fed back to the grid (if that option is available). Other losses are
due to battery imefficiencies. These cause the solar fraction, F, to
always be less than QE/L.

GE/L is a dimensionless parameter and can be changed, for a given
load and location, by increasing or decreasing array area (changing
A), by changing the array tilt [vhich changes QS/A that is used in
calculating OE/A via eq. (2.5)], or by using differeat arrays
[changing # in eq.(2.5)]. '

For individual months, the parameter B/An has been empirically
found to collapse solar fraction data for different geographic and
climatological locations onto nearly a single family of curves in the
(B/An, F) plane which have only QGE/L as a parameter. However, such a
collapse of data appears to be possible only if the arrays are tilted
at the local latitude angle for each location and if the same power
conditioning efficiency, Npe» is used in all cases compared. This is
an extremely important point since B/An is a dimemsiomal parameter.

Since designers often desire to use various (mon—latitude) tilts
and other power conditioning efficiencies, it is necessary to be able
to 'fcorrect’’ these latitude tilt, firxed n,, data in order to improve
their usefulness. The ’'’correction term,’’ [(QS/A)1,¢/(QS/A)], that
appears in eq. (3.3) allows the data of Table III, which were computed
for latitude tilts, to be used for other array tilts. (Q@S8/A)p,¢ is
the local array insolation (from Table I) corresponding to a tilt
angle equal to the locszl latitude, while (QS/A) is the insolatioa for
the array tilt actually used in the system. Likewise, since the data
in Table III were computed with n,,=90 percemt, the '‘correction’’
(90 / npcl] allows that data to be used with other values of nyg.

B/An ocan be changed by increasing or decreasing storage size
(changing B), changing array area (A), controlling the array tilt
(this latter option affects B/An through the ’’correction term'’
referred to above), using different arrays (i.e., different n’'s),
and/or using different power conditioning efficiencies (i.e.,
different nyc’s). Notice that A and n affect both QE/L and B/Ans the
interplay og variables should not be ignored.

The next two sections outline a step-by-step procedure for
calculating QE/L and B/An and obtaining estimates of F.
3.4 THE PROCEDURE FOR ESTIMATING

MONTHLY AND ANNUAL SOLAR FRACTIONS (F'S)

Worksheet 2, found on the back of Worksheet 1 at the end of the

appendix, facilitates these calculations. The following steps refer
to the workshecet.
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Step 1 The designer must select A (array area) and B (storage
capacity). Enter these values at the top of Worksheet 2.

Once the location, array tilt, and arrey specifications are set, a
designer might use A to provide different QE/L’s (Step 5 below):
i.e., he might investigate the effect of array area om the solar
fraction. For most load shapes, the relationship between A and
solar fraction F is not linear, especially above F = 0.4; that is,
there are diminishing returns for additiomal array area. Above
F = 0.4, each increment of area added supplies a smaller fractiom
of the 1load. At some poimt it becomes ecomomical to use the
back-up source instead of imcreasing array size. For erample, an
array chosen to provide a potential solar fractiomn GE/L of 0.20
(or 20%) would have an area of 0.2:L/(GE/A). For many load shapes
(at least for those included imn Table III) the actual solar
fraction would be nearly 0.20 (or 20%). For a potential solar
fraction QE/L of 0.8 (or 80%), an array area of 0.8-L/(QE/A) would
be required. For most load shapes unless there is excelleat
diurnal matching between the array output and the load, the actual
solar fraction would be less than 0.8 by an amount that depends omn
the storage capacity and storage efficiency.

Once an array area is chosen, a ‘‘rule of thumb'’’ om electrical
storage is that an upper limit on capacity can be found by notiag
that storage capacities larger thac about B = 40°y-A seldom result
in increasing the solar fraction. Im fact, the ’‘knees’’ of the F
vs. storage capacity curves occur at about B = 10+wA to 20°m*A.
This should be more obvious to the designer after he has completed
steps 6 and 7 below. Of course, if the back-up grid is to be used
as the storage medium (e.g., if utility sellback is permitted),
B=0,

Step 2 Enter the monthly QE/A and L (columns C10 and C8, respec—
tively, from Worksheet 1) in columns C12 and C13, respectively.

Step 3 Enter into columm Cl4, the array insolatiom, (GS/A)j.¢, from
Table I that corresponds to an array tilt egual to the local latitude
angle. Usually this valve will have to be interpolated in the table.

Step 4 Estimate the average daily electrical load for each month and
enter in column C15.

Step 5 Calculate QE/L and B/An from eqs. (3.2) and (3.3) and enter in
columns C16 and C17. These values also vary moathly.

Step 6 From Table III of the appemdix, select the system performance

graphs which best resemble the application load profile. The key to
and choice of graphs is discmssed in Section 3.5.
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Step 7 Enter the appropriate performance graphs of Table IXI with
QE/L and B/An to obtain the monthly solar fractioms. A reading key
for Table III is givem om page A-63.

For example, for a winter month with QE/L = 0.6 and B/An = 10
Wh/(m2-%), the exemple graph in Figure 3.1 yields F = 0.43.

For QE/L other tham 0.2, 0.4, 0.6, etc., a simple imterpolation is
dome, as illustrated im the examples in Chapter 4 of this Guide.

The final steps in this chapter'’s procedure give an estimate of the
annual solar fractiom:

Step 8 Multiply L z d for each month and enter in column 18,

Step 9 Perform the calculation presented at the bottom of the
worksheet, e ' demotes a summation of the imdicated quantities
over all 12 months.

3.5 KEY TO GRAPHS OF TABLE III

Selection of a particular page from among the 41 pages of system
performance graphs in Table III of the appendix depends upon the shaps
of the average daily electrical load. The 41 pages are divided iato
four classifications:

1. Constant (1)

2. Sinpusoidal (20)
3. Unimodal (17)
4., Bimodal (3)

The numbers in parentheses indicate the number of load profiles im
each category for which there are performance grephs in this Guide.

The constant load shape needs no further explamation. The pro-
files in category 2 are indexed on pages A-59 and A-60, while those
for categories 3 and 4 are indexed on pages A-61 and A-62. These
curves are based upon the average daily load profiles for all the
two-digit SIC (Standard Industrial Codes) applications listed im
Reference 10, Several of the sinusoidal profiles may also be
representative of residential loads, but note the commemts on
regsidential loads in Sectiom 3.7.

Four comments pertain to the use of the profiles and indices:

(1) Note that in the Unimodal and Bimodal plots, the vertical
scale may vary for different profiles.
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(2) Select the profile which most closely resembles that of the
application. In some cases, the use of graphs pertaining to several
profiles and averaging of the results may be necessary.

(3) Only the shape of the curve is important in profile
selection, The size of the load or the area under the curve enter the
procedure through the quantity QE/L.

(4) The '’Spring-Fall'’ graphs are for the months of February,
March, April, August, September, and October. For Northern Hemisphere
locations, the !’Summer’’ graphs cover May, June, and July, and the
'*¥Winter’’' graphs are for November, December, and January. The summer
and winter months are reversed for Southern Hemigphere sites.

3.6 USE OF THE ELECTRICAL STORAGE

Figure 3,2 illustrates how the electrical storage would be util-
ized during operation of a typical photovoltaic system. Although the
calculations presented there aie for the spring and fall months for a
sinusoidal load profile of amplitude to mean ratio of 0.3 and time of
peak of 18:00 (profile 18.3 in Table IIXI), they should be typical of
other months and many other types of load shapes.

The small diagrams on the periphery of Figure 3.2 are histograms
of the battery state of charge which essentially tell how the battery
would spend its time. For example, these show that small storage
capacities [B/An~10 Wh/(m2*-%)] would cover the entire permitted range
of state of charge, since they typically would charge quickly during
the day and then discharge quickly near or after sundown. Most of the
time would be spent either fully charged or at the minimum permitted
state of charge. For QE/L=0.6, photovoltaic array output would be
insufficient to fill a large capacity storage [B/An~40 Wh/(m3-%)]. As
a result, the state of charge would be at or near the minimum
permitted value most of the time, If this minimum happens to be near
zero state of charge (i.e., if the storage were allowed to be fully
discharged), such operation would not favor long battery lifetimes,
This sitvation reverses for large arrays (e.g., QE/L=1.2) and large
storage capacities. Here the array output would maintain the
batteries at full charge most of the time sgince there is more than
enough energy to meet the average daily load. Such operation would
favor long nattery lifetimes.

Note that a fixed B/An does not infer the same battery capacity at
QE/L=0.6 as it does at QE/L-1.2, For the same load, it takes twice
the array size for a QE/L-1.2 as it does for a QE/L=0.6. Equal B/An
thus requires twice the storage capacity for QE/L=1.2 as for QE/1=0.6.
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3.7 ERBORS IN SYSTEM PERFORMANCE PREDICTIONS

This section describes three sources of error irn the predictions
of F. They are discussed in order of increasimg importance.

Effect of ''Noisy’’ Loads

An actual load profile will seldom have the ’’smooth’’ appearance
of those on pages A-59 to A-62, Although the load shape may, on the
average, approzimate ome of those for which performance data is given
in Table IIXI, fluctuatioms or '’'noise’’ will usually be superposed om
the load curve for any given day.

Deviations from a smooth profile will gemerally cause a negligible
difference between actual system performance and this chapter’s
predictions, However, when the fluctuations become large enough, the
solar fraction will be less than what is estimated imn ‘he given
procedure.

Specifically, when the amplitude of the noise is equal to or
greater than the average load, then the solar fraction will be at
least 5% less than the estimate.

Residential load applications, in which switching of appliances
can lead to significant deviations €rom a '’smooth’’ load profile, may
be subject to significant error. Caution iz urged in the use of these
performance curves for such applicatioms. Probably just as important
in residential applications are the day to day variations in daily
load. The performance curves of Table III were constructed assuming
repetitive daily loads over each month. If the loads vary signifi-
cantly from day to day the procedures using Table III will over-
estimate F,

Dependence of Performance Estimates upon KT and Latitude

The system performance graphs of Table III are constructed to take
into account the two major factors which affect the interaction of
array output and electrical load. The first comsideration is load
profile and the second is daylength, which varies appreciably from one
season to another. Thus Table III contains three seasonri pcxformance
curves for each of 41 load profiles.

Two minor effects are ignored in the generation of these graghs,
The first of these is the variation of ET within a given season, as
the location of iaterest varies. A relatively large value of KT
implies that the wecather is consistently good from one day to another.
A :=mall ET, on the other hand, indicates either frequently cloudy

weather with a high degree of day—to-day variability or wniformly poor
weather,
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The graphs of Table III are actually predictions for s locatieam
having ET’s approximately eguzl to the sverage vealues for each season
of the 97 locatioms listed in Table II. Figure 3.3 gives the monthly
distributions of ET for these 97 locations, while Table 3.1 gives the
velues used in comstructing Table III.

, The other effect igmored im Table III is the variaticn of
deylengtk during summer or winter due to latitude difreremces smong
locations., Table 3.2 shows how much the daylemgth varies at the two
solstices over tae latitude range covered ian this @Guide. (The
daylength is 12.0 hours worldwide at the spring and fall eguinoxes.)

Table 3.1

Approximate Values of ET Used in Gemerating
the System Performance Graphs of Table IXII

Seeson Average KT

Spring 545

Summer 573

Fall 360

Viater 442
Table 3.2

Variation of Latitude and Daylength

Date Location Latitude Daylength

June 22 Barrow, AE 71.3 24.0
Caribou, ME 46.9 15.7
Lake Charles, LA 30.1 13.9
Eoror Is. 7.3 12.4

December 22 Barrow, AK 71.3 0.0
Caribou, ME 46.9 8.3
Lake Charies LA 30.1 io0.1
Eoror Is. 7.3 11.6
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The significence of the factors of KT eand latitude/daylength for
locations within the contigmous United States is displayed in Figs.
3.4 and 3.5. The data points in these plots are the results of
computer simulations usinmg data for the four locatioms indicated asd
assuming a sinusoidal #18.3 load profile,

The ratiomale bekind the selection of the locations othsr than
Albuquergue is described below. Results for Albuguerque are shown
because these served as the startiag point im the developmeat of this
entire system performance estimatiorn procedure, Likewise, the
sinusoidal #18.3 load profile closely resembles the ’’baseline load'’
used in the background work. (See Reference 4.)

The inflwence of KT is illustrated by s comparison of the results
for Lake Charles and El Paso, which have approzimately the same
latitude (30.1 N and 33.7 N, respectively) but much differeat ET’s for
any given month., Notable differences in predicted solar fractioas for
these two locations appear for two cases: (1) winter monmths, small
B/An, (2) spring or fall months, large GE/L and large B/Ay.

These variations in predicted F’s duwe to KT are less severe if
the load profile is a better match to the average daily array output
curve than the sinusoidal #18.3 ome, and are more seriouvs if the load
shape differs from the array ontput shape to a greater exztemt than the
sinusoidal #18.3 curve.

The effect of latitude and hemce daylength variation in summer
snd winter months is depicted via the results im Figs. 3.4 and 3.5 for
Caribou and Lake Charles. These two locatioms have roughly the zame
KT’s during the months of interest, yet they differ comsiderably in
latitude and solsticc daylengths, as indicated in Table 3.2. The
Figures show that this causes appreciable (>5%) differences in F only
during winter months and when QE/L is large.

Computer simnlations for locatioms outside the coatigmous U.S.
have not been dome, but the solar fractions for these sites may differ
considerably from the results for summer and winter presented im Figs,
3.4 and 3.5, due to the latitude/daylength effect. It is therefore
recommended that extreme caution be exercised im making use of system
performance estimates for the Alaskan and island locations in summer
and winter,
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CHAPTER 4
EXAMPLES
4.0 INIRODUCTION

This chapter contains six examples of array and system perfor-
mance ¢alculations and demonstrates use of the informetion of Chapters
2 and 3 and the Appendix. Data on photovoltaic modules are from
actual manufacturers’ specification shests. Factors such as locatiosn,
geason, and load profile vary from ome example to amother to illus~-
trate diverse (though fictitious) applications. Examples 1 to 5 are
single month calculations, Example 6 shows how to obtein an annmal
performance estimate and includes completed worksheets, while Example
7 compares a result using this Guide’s method with that from smother
approach. Table 4.1 summarizes the Examples.,

Table 4.1

Summary of Examples

Exez-le Locatiomn HMonrth Load Application QE/L B/Ay* F Domomstratioa
Profile
1 Harrisburg, OCT Sinuicoidal Residential 0.77 20.1 0.63 Fundazentala
PA #15.3 Load Center of prceedure
2 Savannah, APR Unimodal #1 Bank 0.49 © 0.42 ET from ano-
GA ther source,
atility
feedback
3 Honolulu, FEB Comstant/ Printing 0.65 11.2 0.50 Non-optimum
18 Sinusoidal Shop tilt, nmot
#12,2 standard
load
4 St. Louis, AUG Bimodal #3 Service 0.70 6.1 0.51 Variable

Mo Station to to to tilt
) 0,75 7.0 0.63

H Flagstaff, NOV Unimodal #6 Lumbar Mill 0.21 10.0 0.21 Variabdle

AZ to to A, B
0.83 0.60
6 Qakland, All Constant Post Office 0.16 5.2 0.16 12 month
CA year to to to and zoneal

0.72 10,0 0,52 calcuiatieft

7 Madison, JAN Constant (Unknown) 0.70 17.4 0.56 Comparison
WI ’ 0.77 0.59 of Methods
*I¥h/ (22-%) ]
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4.1 EXAMPLE 1: Harrisburg, PA (latitude 40.2 N), October
Chapter 2 Calculations:

Step 1: Menufacturer’s data for the photovoltaic modules to be used
include the max—power current output equal to 1.83 smps at 14.19 volts
when the insolation is 0.8 k¥/m3, The area of each modele is 0.36 m3.
Then from eq. (2.3)

(1.83A)(14.19V)  1x¥
(0.36m2) (0.8kW/m?)  1000W

*+ 100% = 9.02%.

This is at a stated cell (reference) temperature, T,, of 47 C.

Step 2: The module specification sheets give insufficient informatiom
to calculate §. Because the cells are silicon, use B = 0,0045 C 1,

Step 3: The module data give NOCT = 47 C at 0.8kW/m? and Tg =20 C,
with a wind speed of 1 m/s.

Step 4: The two power conditioning compoments in this case are
assumed to be & max-power tracker and am imverter, The assumed
manufacturer estimates their efficiencies to be 98% and 90%
respectively. Then the ovérall power comnditioming efficiency is

Tpo = 0.98 « 0,90 - 100% = 88.2%.
Step 5: The map on page A-2 indicates that calculations for

Harrisburg should use the Wilkes-Barre, PA solar/meteorclogical data
on page A-54 of Table I,

Step 6: From Table II, sy = 40.2°+10° = 50,2°, In order to maximize
array output during October, we set g = 50,29,

Step 7: From the VWilkes-Barre dats for October, WS = 3 mfs, The
corrected WS = 2/3 » 3 = 2 m/s. Table I =zlso 1lists ET = 0.455,
TM = 11 C, and for a tilt of approzimately 50°, QS/A = 3.73 kWh/m3,

Step 8: ls—syl = 0.

Step 9: For the givem NOCT informatiom, start at 47 C on axis A3 im
Fig. 2.1, Continuation through the chart using the sabove WS, KI,

Is-syl, and TH yields T, = 29 C.

Step 10: From eq. (2.2),
q = 9.02% [1-0.0045(29-47)] = 9.75%.

Step 11: From eq. (2.5),

QE/A = 38:2 . 9.75 | 3 93 = 0.32 kWh/m3.
100 100
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Chapter 3 Calculstions:

Step 1: Select an array area A = 720 m* (thus requirimg 200 of the
0.36 m* modules) and storage cepacity B = 140,000 Wk.

Step 2: 1 and QE/A are given above in Steps 10 and 11, respectively.

Step 3: (QS/A)1,¢ = 3.69 EWh/m3,

Step 4: The monthly average daily electrical load, L, is estimated to
be 300 EWh. ’

Step 5: From eq. (3.2),

QE/L = 0.32 + -1 . 720 = 0.77,

300

and from eq. (3.3),
B/An = 1. 140,000 - A 3.6, % 20.1 Wi/ (m3-%).
9.75 720 3.73 88.2

Step 6: Suppose that the load is a residential load center (several
houses), with a sinusoidal shape, a peak at around 3 P and an
amplitude-to—mean ratio of about 0.3. The key on pages A-59 to A—-62
clearly suggests using the sinusoidal #15.3 performance graphs on page
A-76 in Table III, '

Step 7: October is a fall month, For QE/L = 0,77 and B/Ay = 20.1
Wh/(m3+%), the Spring-Fall graph on page A-76 ghows F to be 0,65 or
65%.

720m3 of array area amd 140,000 Wh of wtilizable storage capacity
will thus provide 65% of the given load in Harrisburg in October.
*'Dumping’® of excess emergy at certain times and storage
inefficien..2s cause F to be less than the potential solar fraction of
QE/L = 0.77.

4.2 EXAMPLE 2: Savannsh, GA (latitude 32.1 N), April

Chapter 2 Calculations:

Step 1: In this example the module specifications list Iy, = .551 A
and Vg, = 16,2 V at (@S/A); = 100 mW/cm3. Tho dimensions of each
module are 287 x 502 mm. Therefore,

lcm3
100mm?

A= 28Tum « 502mm - 1440.7cm3
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and by eq. (2.3)

.5514) (16.2V
ne = —— 255180 (16.27) | 1000aW | .0 . 6.18%.

(1440.7cm3) (100m¥W/cm?) 1w

The reference cell temperature, T,, is 28 C.

Step 2: Vith insufficient manufacturer’s information to calculate B,
and with the module comprised of silicon cells, use B = 0.0045 C 1,

Step 3: No NOCT data for this particular module are givem in the spec
sheets, but it is given that T,,7; = 40 C when QS/A = 80 mW/ cm? and
Ty = 28 C. Since a cell temperature, ambient temperature and an
ingolation are given, eq. (2.1) yields
Vel * cm3 Scm3
ULI“_SOI'cn . 1k¥W _ 104cm

40C-28C 10¢mW 1m?

= 0.067 xW/(m2-C)

Step 4: Assume that the same types of power conditioning components
are used in this application as in Exemple 1. Then fpe = 88.2%.

Step 5: According to the location of Savannah and the map on page
A-2, data from Tallahassec (page A-51) should be used. But suppose it
is known from amother source that the loag term KT for Savannah in
April is 0.530. The corresponding value for Tallakassee in Table I,
0.573, is considerably higher. Use of the Tallahagsee data for QS/A
could then lead to am overestimate of array omtput for this case.

From page A-2 and the list of cities om page A-6, Meridian, MS
has approximately the same latitude as Savanmah and its proximity
suggeste that it may have similar KT values. Imn Table I, page A-3§,
the ET for Meridian in April is .527. Since this is close to the
krown Savannak value of .530, QS/A data from Meridian can be used ia
this exeample,

The preceding discussion demopnstrates how locally varying
insolatior or weather patterns can imvalidate direct use of the
locational maps on pages A-1 to A-3., Specifically, if the KT for a
particular location is not within about 0.03 of the value in Table 1
for the suggested station, then QS/A data from a station of nearly the
same latitude and for the same month may be used, if its KT is a
better match to the known value.

Step 6: From Table II, sy = 32.1-10 = 22,1 degrees. We select s = 30
degrees.
Step 7: Although the Meridiam QS/A data will be used, WS and TM

should still be obtained from the Tallahessee listings im Table I.
For April, WS is given as 3 m/s, and the corrected value is 2 m/s. TH
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iz 19 C. KT is known to be .530, and QS/A = 5.32 kWh/m? (from Meridan
tables, page A-35).

Step 8: ls—syl = 130-22.1] = 7.9 degrees

Step 9: To determine T, begin at Up/e = 0.067 kW/ (m2-C) on axis B in
Fig. 2.1. Proceeding through the chart using the above KT, |s—sl|.
and 1M, gives T, = 28 C.

Step 10: From eq. (2.2),
n = 6.18% [1-0,0045(28-28)] = 6.18%

Step 11: From eq. (2.5),

Qe/A = 88:2 . 6.18 | < 4 = 0.29 K¥N/ms.
100 100

Chaptex 3 Calculations:

Step 1: Suppose A = 432 m?* (i.e., 3000 of the 0.144 m3 modules) and
in this example let there be mo om—site storage. Assume that array
output which is in excess of the load at any given time is fed back
into the electrical grid. (The utility can be thought of as
furnishing the storage medium in this case.)

Step 2: n and QE/A have been determined above,

Step 3: (@S/A)j,¢ = 5.28 kWh/m* (interpolated from Meridan data) but
will not be needed since B = 0.

Step 4: L is estimated to be 256 kWh,

Step 5: From eq. (3.2),

QB/L = 0.29 + 1. 432 = 0.49,

256

and B/Aq = 0,

Step 6: Assume that the 1load profile resembles that of many
businesses (e.g., banks and resl estate offices) and is approximated
by the unimodal #1 profile on pages A-61 and A-85.

Step 7: April is a spring month. QE/L = 0.49 and B/An = 0 in the
Spring-Fall graph on page A-85 yield F = 0.42.

In this example 42% of the electrical load is supplied directly
by the array., The remaining array output, which is fed back to the
atility on an average day, is equal to

[(QGE/L)~F] « L = (0.49-0.42) 256 = 17.9 kWh.
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4.3 EXAMPLE 3: Homolulu, HI (latitude 21,3 N), February
Chapter 2 Cslcelations:

Step 1: Specifications for the selected modules state that the
max-povwer output is 40 watts whem the insolation is 1.0 k¥/m2, The
area of each array module is 0.403 m3, Therefore, by eq. (2.3)
= 0% o XY . j00m = 9.93%.
(1,0kW/m3)(0.403m2) 1000V

The cell teamperature vunder these conditions (the reference
temperature, T,) is 28 C.

Step 2: The specificstions also list a module output of 36.6 watts
when the insolation is once again 1,0 kW/m® but wher the cell
temperature is 30 C. The given information is sufficient to cslecamleate
the temperature coefficient §.

First, another efficiemcy, n » is determined from the second set
of data and eq. (2.3):

6 = 36.6¥ o XY j00% = 9.08%
3 (1.0%W/m2)(0.403m2)  1000W

T‘ is 50 C, and from step 1, n = 9.93% and T‘ = 28 C,

Now P is determimed by substitution im eq. (2.4):

g = 1719.08/9.93)
50-28 C

= 0.0039 C2

Step 3: For this module, it is gpecified that NOCT=48 C at 0.8 kVW/m2,
The envirommental conditoms of the NOCT test are umspecified, but it
may be assumed that they age the most common omes, namely T, = 20 C
and a wind speed of 1 m/s.

Step 4: A max-power tracker with 96% efficiency and en 87% efficient
inverter are to be used. Then

tigc = 0.96 + 0.87 - 100% = 83.5%.

Step 5: Honolulu data, according to the map om page A-1, can be found
on page A-30 of Table I,

Step 6: From Table II, sy = 21.3°+18° = 39.3°,  Suppose that the
array tilt iz not adjusted to be the optimum every momth, and inm this
case it is equal to the best value for the prior month, January. Then

from Table II,
g = 21.3° + 29° = 50,3°,
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Step 7: From Table I,
WS =2/3 + 5§ =3.5m/s,
ET = 0.540, TH = 22 C, and by interpolation between the imsolation
values for tilts of 50¢ and 60°,
' (50.3-50)
(60-50)

QS/A = 5.09 - (5.09-4.86) - = 5,08 kWh/m3.

Step 8: ls~syl = [50.30-39.3¢] = 110,

Step 9: The NOCT deta for this array are almost ideatical to those of
Exzample 1. Again begin at axis A3 in Fig. 2.1, this time with
NOCT = 48 C. Moving through the chart eventually yields T, = 42 C,
Note that use of the optimum tilt line, |s—syl=0, makes a difference
of only about 0.5 C in T,. In general, T, changes only slightly when
Is-syl varies betweem 0° and 20°., The small improvement in cell
temperature caused by using e& nom-optimum tilt must be traded off
against the slight decrease in ingsolation (QS/A) when the tilt is
other than the ideal value. This concept will be explored further in
Example 4.

Step 10: From eq. (2.2),
n = 9.93% [1-0.0039 (42-28)] = 9.4%.

Step 11: From eq. (2.5),
= 8.5, 24, 5 08 = 0.40 kwh/ms.
100 100

Chepter 3 Calculations:

Step 1: Use 700 of the 0,403m? modules, so that A = 282.1m2,
Also choose B = 27.9 xWh.

QE/A

Step 2: v and QE/A have been calculated above,

Step 3: (QS/A)j¢ = 5.04 kWh/m? by interpolation between the 20 and
30° values.

Step 4: L is estimated to be 174 kWh.

Step 5: From eq. (3.2),

QE/L = 0.40 - -1 . 282.1 = 0.65

174
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and from eq. (3.3),

B/An = 1 .27.9- 1 1000Wh 5.04 90
9.41 282.1 1k¥Wh 5.08 83,5

= 11,2 Wh/(m2+%)

Step 6: Consider the load profile to be typical of a primting or
publishing shop. The curve is mearly constant but has a slight peak
at noon and a small minimum at midmight. According to the comveation
of this Guide it can be characterized as a sinusoidal #12.1 profile.

This is not ome of the curves shown inm the key on pages A-59 to
A-62, but a good system performance estimate can bhe obtained by
averaging the results of using profiles which '‘bracket'' the givesm
one in appearance. I this case averaging of the solar fractions from
the constant and sinusoidal #12.2 graphs (on pages A-64 and A-70) is
appropriate.

Step 7: February is a spring month, The above QGE/L and B/Av in the
constant, Spring-Fall graph yield F = 0,51, The same guantities
entored in the sinusoidal #12.2 Spring-Fall graph give F = 0,52,
These two results are essentially identical, precluding the need to
average them,

4.4 EXAMPLE 4: St. Louis, M0 (latitude 38.8 N), Augest

Chapter 2 Calculations:

Step 1: In this exzample we design a system using 2 module comprised
of cadmium sulfide cells, The manufacturer specifications give 65
waitts as the maz-power output when the insolation is 100 mW/cm2. Each
module is 262 cm x 85 in size, so that

A =262 cm + 85 om = 22270 cm?2,

Then by eq. (2.3)

" = 65W L

(22270cm?) (100mW/ cm?) 1%

The reference temperature, T, is 28 C.

Step 2: Insufficient information is included in the specifications im
order to calculate PB. Contacting the manufacturer dis.losed that
B = 0.006 C-1,

Step 3: The manufacturer also provided the NOCT of 43 C at 0.8 xW/m?
when T, = 20 C and the wind speed is 1 m/s.
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Step 4: If the same power conditioning eguipment as in Example 3 is
used, then nge = 83.5%. '

Step 5: The key map on page A~2 indicates that data for Kamsas City
should be used and that it cam be found on page A-31.

Step 6: From Table II, sy = 38,8-10 = 28.8 degrees. In this example
the effects of varying array tilt are investigated by letting s = 10,
29, 30, 40, and 50°. These values and the results which follow are
displayed irn Table 4.2.

Table 4.2

Effects of Tilt Variation, Example 4

s QS/A, Is-syl Te€C 0. %  QE/A,  QE/L B/An F
kWh/m2 kWh/m2 Vh/ (m2-%)

10 6.05 18.8 43  2.60 0.13  0.75 6.2 0.63

20 6.09 8.8 44 2,64 0.13  0.754 6.1 0.63

30 5.99 1.2 44 2,64 0.13  0.75 6.2 0.63

40  5.76 11.2 44 2.64 0.13  0.75 6.4 0.63

50  5.41 21,2 43 2,60 0.12  0.70 7.0 0.61

Step 7: From Table I, the corrected wind speed is WS = 2/3 +« 4 = 2.7
m/s, KT = 0.579, and TH = 26 C. The QS/A values correspoanding to the
selected tilts are listed in Table 4.2.

Step 8: Table 4.2 gives the five values of |s-su|.

Step 9: The NOCT specifications mean starting with axis A3 in Fig.
2.1, at NOCT = 43 C, Variatiorn of the array tilt does not affect use
of the chart until the |s-syi lines are reached.  After that
intersection, five slightly different paths (corresponding to the five
values of [s—sy| in Table 4,2) eventually lead to five Te's. These
are also given in Table 4.2; note they are within about 1 C 3f each
other.

Step 10: Use of eq. (2.2) yields the five values of q in Table 4.2.
For exzample, for T, = 43 C,

n =2.92% [1-0.006(43-28)] = 2.60%.
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Step 11: Similarly, five values of GE/A follow from use of eq. (2.5).
"~ For the g = 10° case,

QE/A = 83:5 . 2.60 | ¢ 05 ~ 0.13 xWh/m:.

160 100

Chepter 3 Calculatioss:

Step 1: Select A = 446 m3, requiring 200 of the 2.23 m? modules, and
let B = 7000 VL.

Step 2: n and QE/A sre listed iz Table 4.2,
Step 3: (QS/A)14¢ = 5.79 kWh/m?®* by interpolationm,
Step 4: Let L be equal to 77 kVWkh.

Step 5: Results for QE/L and B/An, from use of eqs. (3.2) and (3.3),
aze in Table 4.2,

Step 6: The application in this example is an automobile repair shop.
A typical average daily load curve resembles the bimodal #3 profile.
From the index on pages A-61, 62, the performance graphs are on page
A—104.
Step 7: Amgust is s fall month. Eatering the five sets of QE/L and
B/An into the bimodal #3 Spring-Fall graph yields the solar fractionms
in Table 4.2.

In thie example, varyinmg the tilt by 40° leads to a 0.02

variation in F, In this case it would probably be wise to explore the
effect of tilt on winter performance before selecting a fimsl value.

4.5 EXAMPLE 5: Flagstaff, AZ (latitude 35.0 N), November

Step 1: In this exzample the same kind of module will be used as iz
Example 1. Thus f, = 9.02% and T, = 47 C.

Step 2: Assume B = 0.0045 C 2,
Step 3: KOCT = 47 C at 0.8 kW/m2, T, = 20 C aed i m/s wind speed

Step 4: Also use the same power conditioner as in Example 1, so that
Tpe = 88.2%.

Step 5: The page A-2 map shows that the data for Bryce Camyon on page
A-14 are appropriate.
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Step 6: From Table II, sy = 35.0°423° = 58.0°, Also, s is chosen to
be sy.

Step 7: From Table I, the corrected wind speed is WS=2/3°3=2.0 n/s,
ET = .658, and T = -1 C. VWithout formally carrying out the mathe-
matical imterpolating, it should be clear that Q&/A = 5.68 kWh/m?,

Step &: |:-su| = (.
Step 9: With a start at NOCT = 47 C on axis A3 in Fig. 2.1,
progression through the chart yields T, = 23 C.
Step 10: From eq. (2.2),
n = 9.02% [1-0.0045(23-47)] = 9,.99%.

Step 11: From eq. (2.5),
_88.2 , 9.75
100 100

QE/A * 5.98 = 0,51 kWh/m3.

Chapter 3 Calculations:

Step 1: In this example, the array area and storage capacity axe
varied. Specifically, suppose 400, 800, 1200, and 1600 of the 0.36 m?
modules are used, resulting in A = 144, 288, 432, and 576 m3, If B is
varied such that B/An is to remain constaat and equal to 10, then
B =16.2, 32.4, 48,5, and 64.7 kVWh.

Step 2: QE/A and n are given above.
Step 3: (QS/A)g4¢ = 5.20 kWh/m3,

Step 4: L is estimated to be 354 kVWh,

Step 5: Use of eq. (3.2), for the four array areas selected in Step
1, results in the four values of QE/L given in Table 4.3. The values
of B were chosen in Step 1 such that B/An equals 10.0 in all cases.

Step 6: In this example the application iz a lumber mill, for which
the unimodal #6 load profile may be representative of the load curve.
The relevant performance graphs are on page A-90.

Step 7: November is a winter month, The values of QE/L listed in

Table 4.3 and B/Ay = 10, when entered into the unimodal #6 Winter
performance graph, give the solar fractions in Table 4.3, '
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Table 4.3

Effects of A and B Variation, Exzample §

Alm?] B[kWR] QE/L F

144 16.2 0.21 0.21
288 32,4 0.41 0.38
432 48.5 0.62 0.51

576 64.7 0.83 0.60

4.6 EXAMPLE 6: Oakland, CA (latitude 37.7 N), All Year

In this example, performance estimates are made for all 12 months
and then for the entire year., The completed Worksheets 1 and 2 of
Table 4.4 accompany this exzample.

C C ons:

Step 1: For this example, module specifications give 30 watts as the
max-power output whem the insolation is 100 =mW/cm2., The dimensions of
ecach module are 121.7 cm x 30.2 cm, giving an array area of

A=121.7cm « 30.2cm = 3675.3cm2,
Then by eq. (2.3)
30 ., 1000mV¥

r = * 100% = 8.16%.
(3675.3cm?) (100m¥%/cm?) 1w

The reference temperature, Ty, is 45 C.

Step 2: The specificatiomns also include a maz-power output of 33
watts at an insolation level of 100 =W/cm? (same as above) and a cell

temperature of 28 C,

This second set of date yield a second array efficiemcy, via
eq. (2.3):

- 33 . 1000s¥ . ;008 = 8.98s.

n =
2 (3675.3cm?) (100mW/cm?) 1V
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TABLE 4.4 Worksheets for Example 6
WORKSHEEYT 1 :

Location _ Qedbland, CA Te=__ 45 1o p=_0.0052 [c1)
Latitude 327 N ne__B/6 (%) LS. 7 A )
NCT = __£5 (€] :?4_0___“:: or Ug/a = AW/ (m2+0)

c1 2 c3 C4 cs cé c7 cs cs c10
™ QE/A
T3 - . T VAL OV B - O T [
wontn | o0 I Table I | Table II | cholce Table 1 | Fise 2.1 |Eq. 2.2 rrreerre
RN 2. 497 | 66.7 377 29 q9 23 722 | 3.56 | 0.279.
FER 2. S¢8 | 55.7 “ 4 // 26 907 | 455 | 0.36
uAR 3. 596 | 407 ” 3 /2 27 903 | 5.62 | O0.9S
A 3. .63/ 27.7 “ /0 /3 2y | 899 | .3/ | 050
MAY 3. 64/ 75.7 “ 22 /4 29 893 | 642 | O3/
e 3. .C¢8 /2.7 " 25 /6 3/ 883 | 6.45 | 0.50
JoL 3. .653 /3.7 o 2f /7 3/ §.¥3 | 6.52 0.5/
s 3. .634 | 277 “ 10 /7 32 877 1 6.36 | 049
sep 3. .632 35.7 " 2 /7 32 2.77 | 6.6 | 0?2
ocT 2. 584 | #17 “ /0 /6 32 £.77 | 5.6 | o0
hd 2. .534 | 60.7 " 23 /3 25 2./2 | 404 | 0.32
bee 2. 496 677 “ 30 7 22 227 | 340 | Q2%
FORKSHEET 2
A= /4 7. 2 [a?] (designers choice)
B= 5000 [¥h] (deaigner's choice)
c11 c12 C13 C14 Cc1s C18 C17 C18 C19
4 “‘ﬁ&" "l::l Egﬁaﬂt [k:hl TT & (;: ;:Eﬂ 90 cmfé’i in "‘:;':]
Honth ¥ORKSHEET 1 | WORKSHEET 1 [ ey €15 |*Ie13'C9 'n | TABLE xrp. | = C1i-C15
w | n| 029 | g22 | 35¢ | 260 | ovs 376 0./16 | #2060
EXEIIEY, 707 | 455 | 243 | 022 392 0.2/ | 6504
we | 1| ges 7.03 562 230 0.29 3.84 0.26 7130
AR | 30| S50 2.98 6.3/ Vi 4 as? 3.96 0.33 56/0
Wwr | s ps/ £93 642 /55 o485 3.8 o2 4F0S
T | 30 250 583 6.45 102 a7z 3.93 as/ 3060
W | 51| 0.5/ 223 6.52 /5 Ock 393 o049 365F8
ADG | 31 0.9 779 6.8 /135" 053 394 0.39 +/85
e | 0] 0<% 279 6.76 /29 55 394 036 3770
ocT | 31 o.¢0 £79 S.l6 14/ 042 394 035 £37/
fov | 30 a32 P.r2 £ 04 8/ 0.26 3% 0.23 $430
e oze 927 | &40 202 0.20 3,74 0/9 | eze2
Annual ¥ = 2(?:.;«) zlas-c19) Q3e 49
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It is also known that T = 28C, and from Step 1, n_ = 8.16% and
T = 45 C. Therefore, by eq. (2.4) 1

g = 1-(8.98/8.16)
28-45 C

= 0.0059 C"1,

Step 3: It is given that NOCT = 45 C at 100 wW/cm? (i.e., 1k%/m2).
As in Example 3, the ambient conditions are unspecified, so they are
assumed to be T, = 20 C and 1 m/s wind speed.

Step 4: The power conditioner is the same as in Ezamples 1 and 2, and
Npe = 88.2%.

Step §: The key map on page A-2 shows that the data in thiz example
are on page A-38.

Step 6: The optimom array tilts, based upon Table II and 6 = 37.7°,
are listed in Table 4.4. Assume that the tilt is always 37.79.

Step 7: The monthly WS (corrected to 0.6 of the tabulated value), ET,
TM, and QS/A (on the appropriate tilt for each month) are given in
Table 4.4.

Step 8: With s always equal to @, Is-sul is simply the magnitude of
the number added to or subtracted from & in Table II.

Step 9: Calculation of T, for each month always begins at sxzis Al in
Fig, 2.1, at NOCT = 45 C, The values of WS, KT, ls~syl, and TM then
vary from month to month. The resulting T.’'s are listed in Table 4.4.

Step 10: The corresponding monthly values of n are given in C8 of
Table 4.4.

Step 11: n,. = 88.2% and the calculated values of n and QS/A yield
the QE/A’s in Table 4.4.

Chapter 3 Calculations:

Step 1: Select A = 147.2 m?, requiring 400 of the 0.368 m? modules,
and let B = 5000 Wh,

Step 2: QE/A and w are carried over to Worksheet 2 from Worksheet 1.
Step 3: Because the array tilt angle is always equal to the latitude
angle, the (QS/A)j,¢ values of C14 are identical to the QS/A values of
CgO

Step 4: Assume that the average daily loads for the 12 months are as
given in Worksheet 2 of Table 4.4.
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Step 5: The resulting values of QE/L and B/An are listed in Table
4.4, Note that the tilt correction factor, (Q8/A)j1,¢/(G8/A), is equal
to 1 for every month, since the array is always tilted at the latitude
angle.

Step 6: The application in this example is a Post Office for which
the 1load is approxzimately constant throughout the day. The
performance graphs are on page A-64 of Table III.

Step 7: Thke resulting monthly solar fractions are given in Table 4.4.

Step 8: The products of the average daily load and number of days
each month are listed in C19 of Table 4.4.

Step 9: VWhen the results in C18 and C19 of Table 4.4 are combined and
summed, it is found that

S (F+L-d) =3 (C18:C19) = 19658

2(L-d) =3C19 = 63245,

and therefore the annual solar fraction is
- 19658 =
63245

F 0.31,

4.7 EXAMPLE 7

This example compares the simplified proceduore developed in
Reference 11 with the procedure outlined in this Guide. Reference 9
makes use of the ''utilizability’’ concept which is quite general, but
the system analysis is restricted to a constant load profile, The
data given in the example problem in Reference 11 are:

Location Madison, WI (& = 43)
Honth Januvary

Tilt s = 23°

Array Area A=1m?

Array Loss Coefficient Uy, = 0.02 kW/(m2-C)
Solar Absorptance e =0.95

Reference Efficiency N 12 percent
Reference Temperature r=0C
Temperature Coefficient B = 0.004 C-2

=]

Power Conditioner Efficiency
Average Daily Load
Storage Capacity

Tpe = 90 percent
L' = ,014(24) = 0.336 k¥Wh
B

100(2.17)(0.76) (1) = 165 Wh
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The battery capacity in Wh is slightly larger than that shown in
Reference 11 due to the required use of 2.17 volts per cell (see
Section 3.2).

According to the key on page A-2, the data for La Crosse, WL on
page A-33 should be representative of Madison, WI. From that data:

(@S/A),,0 = 2.30 kWh/m3
(QS/A)1g¢ = 2.76 kWh/m?
KT = 0.44
™ =-9 C

Table II on page A-58 gives
sy = D429 = 43+29 = 72
Tk.:s
ls=syl = lsy-sl = 72-23 = 4990

Figure 2.1 entered at axis B with Up/a = 0.21 and the above |sy-sl
yields

T, = 11 C
Equation (2.2) then yields

12{1-0.004(11-0)]
11.5%

n

This is less than 1% different than the value obtained im the ezample
of Refereuce 11

QE/L and B/An now need to be computed in orde- to obtain the
solar fraction F. Equation 3.3 yields

(1/11.5) - (165) - (1/1) - [2.76/2.30] - [90/90]
17.2 Wh/(n2-%)

B/Ay

The array insolation in Table I (2.3 kWh/m2) is somewhat less
than the array insolation wused in Reference 11 (2.52 kWh/m2).
Therefore, two sets of calculations will be carried out (deaoted by
the subscripts 1 and 2), to determine the umcertainty in F introduced
by those differences. Then eq (3.2) yields:
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(/L) = 129 . 115 . (2.30)1 - (1/0.336) - (1)
T 100 100
= 0.71
(@e/L) = 20 . 15 . (5.52)1 - (1/0.336) - (1)
2 100 100
= 0.78

For B/nA and (QEIL)I. the winter data on page A-64 of Table III gives:
F:. = 0.55 or 55%.

For B/nA and (QE/L)z, the graph for winter on page A-64 of Table III
gives:

F3 = 0,60 or 60%.

Reference 11 gives F = 59 percent. Therefore, for the same monthly
average daily array insolation (QS/A = 2,52 kWh/m2, the 2 subscripted
variables), both Reference 11 and this Guide give nearly identical
results. The 9 percent relative uncertainty in array insolation gives
only a 3 percent incremental (5 perceant relative) uncertainty in F,

If a comparison is made at B=0 (no battery) then

F

1

0.30 or 30%
and

F
3

0.31 or 31%.

Reference 11 would yield F = 31 percent for no storage. Again, for
the same array insolation, both Reference 11 and this Guide give
nearly identical results.

53




7.

10.

11.

54

R.T. Ruegg, eating Buildings
Economic Evalnagion. us, Dept. of Commerce, NBS Report
NBSIR-78-712 (Springfield: NTIS, 1975).

S. Young, et. al., P vo ¢ Pow ems Design H ok,
SAND 80-7147 (Albuquerque: Sandia Laboratories, 1980),

R.M. Turfler, T.J. Lambarski, R.T. Greant, Design Guidelinmes for
0 ,» SAND 79-7001 (Albuquerqgme: Sendia
Laboratories, 1979).

D.L. Evans, W.A, Fncinelli. L. P. Koehler.

(Albuquerque: Sandia Laborntories, 1980) .

v.H. Cotton. 'A Hsss,

Hoecker,

GF.

ERL ARL-77 (Silver Sprin;s. B NOAA Environmentnl
Research Laboratories).

NOAA, SOLMET, Volume 1, User's Manwal, TD-9724 (Ashville, NC:
National Climatic Center, 1978) and NOAA, SOILMET IJ, Volume 2,
Final Beport, TD-9724 (Ashville, NC: National Climatic Center,
1979).

'l‘ Knsuda and K. Ishii, Hougrl lar Radiation Da (1) rti
urfaces on Average Day i

_m IJS. Dept. of Commerce, NBS Buxlding Scxence Series 96
(Vashington: Goverument Printing Office, 1977).

W.A. Beckman, S.A. Klein and J.A., Duffie, Heati Design
(New York: John Wiley and Soms, 1977).

G.¥W. Vinal, Storage Batteries (New York: John Wiley and Sonmns,

- 1955).

R.A. Vhisnant, C.B. Morrison, N.G. Staffa, R.D. Alberts,

Applicastion Anglvysis and Photovoltaic System Conceptual Design

for Service/Commercial/Institutional gnd Industrial Sectors, SAND
79-7020 (Albuquerque: Sandia Laboratories, 1979).

M.D. Siegel and W.A. Beckman, °’°Simplified Design Methods for
Photovoltaic Systems,’’ Proceedings of the 1980 Annual Meeting
American Section of the Internatiomal Solar Energy Society,
Phoenix (1980).



APPENDIX

TABLE I KEY Pages A-1 to A-7 3= 2

TABLE I Pages A-8 to A-56 X3 2~P~

TABLE II Page A-58 Xp=> 2= B~

TABLE III KEY Pages A-59 to A=63 1P

TABLE III Pages A-64 to A-104 2—P

WORKSHEETS 1 and 2 =3 =i T3



60 g0 120 150 180 150 120 90 <] 30

7 /7/‘/‘f‘ " AR N
/ .

CONTIGUOUS

UNITED STATES

See Page A-2 e

LOCATIONS FOR WHICH
SOLAR & WEATHER DATA
ARE INCLUDED
IN THIS GUIDE

TABLE | KEY

Map Showing United States and Affiliated Regions
for Which Solar/Weather Data Are Included im Table I.
(The number A-xx shown for each location
is the page number in this appendix om which
more information can be found)

TABLE I EEY



L
Laaapy,
e ropdaA~20
A-23

£L PAGO

N it 75

RINGBVRLE
L

A-31

Map of Contigunous United States Stations and Regions
° for Which Solar/Weather Data Are Included in Table I.
The region boundaries follow county borders. (From Ref. 5)
(The number A-xx shown for each location
is the page number in this appendix on which
more information can be found)

TABLE I KEY



A-3

BARROW

BETTLES A-12
®

FAIRBANKS

ANNETTE
A-9

=]

Tw < o >

Map of Alaskan Stations of Representative Regions
for Which Solar/Radiation Data are Included in Table I.
(From Ref. 5)

(The number A-xx shown for each station is the page
in this appendixz on which the data can be found)

TABLE I KEY



Station
Adak
Albuquerque
Amarillo
Annette
Arcata
Astoria
Barrow
Bsthel
Bettles
Binghamton
Boise

Boston
Bryce Canyon
Burlington
Burns
Caribou
Casper
Charleston
Charleston
Chattanooga
Clevelard
Columbia
Columbus
Cutbank
Daggett
Dallas
Pillon
Dodge City
Duluth
Eagle

El Paso

El Toro
Elko
Evansville
Fairbanks
Fargo

Fort Smith
Fresno
Grand Junction
Grand Rapids
Guantanamo Bay
Gulkana
Hilo

Homer
Honolulu
Indianapolis
Kansas City
Eingsville
Eoror Is.

'.E’.ﬁEEEREREE%%E%EEE%Q%%%E&EE8%82!215855555:%%8?-%;1EEE

Eey to TABLE I.
List of Stations for Which Solar Radiation and Climatic Data
are Presented in Table 1

Listed Alphkabetically by Station

Lat.
51.88
35.05
35.23
55.03
40.98
46.15
71.30
60.78
66.92
42,22
43.57
42.37
37.70
44.47
43.58
46.87
42.92
32,90
38.37
35.03
41.40
33.95
40.00
48,60
34.87
32.85
45.25
37.71
46,83
39.65
31.80
33.67
40.83
38.05
64.82
46.90
35.33
36.77
39.12
42,90
19.90
62.15
19.72
59.63
21.33
39.73
39.12
27.52

7.33

Page
A-8

A-8

A-9

A-9

A-10
A-10
A-11
A-11
A-12
A-12
A-13
A-13
A-14
A-14
A-15
A-15
A-16
A-16
A-17
A-17
A-18
A-18
A-19
A-19
A-20
A-20
A-21
A-21
A-22
A-22
A-23
A-23
A-24
A-24
A-25
A-25
226
A-26
A-27
A-27
A-28
A-28
A-29
A-29
A-30
A-30
A-31
A-31
A-32

Station
Ewajalein Is.
La Crosse
Leke Charles
Libue Kauei
Lovelock
Memphis
Meridian
Miles City
Missoula
Naknek

Nome

Norfolk
Oakland
Orlando
Pendleton
Philadelphia
Phoenix
Pocatello
Portland
Prescott

Red Bluff
Redmond
Richmond
Rochester
Rock Springs
Roswell
Salem

Salt Lake City
San Amgelo
San Juan
Scotts Bluff
Seattle/Tacoma
Sheridan
Shreveport
Sioux City
Spokane
Springfield
Tallahassee
Tanmpa
Tonopah
Tulsa

Wake Is,
VWichita
Wichita Falls
Wilkes-Barre
Winslow
Yakima
Yakutat

State Lat.
PI 8.72
WI 43.87
LA 30.12
HI 21,98
NV 40,07
TN 35.05
HS 32.33
KT 46.43
KT 46.92
Ak 58.68
Ak 64.50
VA 36.90
CA 37.73
FL 28.55
OR 45.68
PA 39.88
AZ 33.43
ID 42.92
ME 43,65
AZ 34.65
CA 40.15
OR 44.27
VA 37.50
NY 43,12
WY 41.60
NM 33.30
OR 44,92
UT 40.77
TX 31.37
PR 18.43
NE 41,87
WA 47.45
WY 44.77
LA 32.47
IA 42.40
WA 47.63
MO 37.23
FL 30.38
FL 27.97
NV  38.07
0Kk 36.20
PI 19.28
XS 37.63
TX 33,97
PA  41.33
AZ 35,02
WA 46.57
AK 59,52

A-32

A-33

A-33
A-34
A-34
A-35
A-35
A-36
A-36
A-37
A-37
A-38
A-38
A-39
A-39
A-40
A-40
A-41
A-41
A-42
A-42
A-43
A-43
A-44
A-44
A-45
A-45
A-46
A-46
A-47
A-47
A-48
A-48
A-49
A-49
A-50
A-50
A-51
A-51
A-52
A-52
A-53
A-53
A-54
A-54
A-55
A-55
A-56

A-4




Eey to TABLE I.
List of Stations for Which Solar Radiation and Clinatic Data
are Presented in Table I

Listed Alphabetically by State

State Station Lat. Page State Station Lat. Page
AK Adek 51.88 A-8 MT HMiles City 46.43 A-36
AK  Annette 55.03 A-9 MT Missoula 46.92 A-36
Ak Barrow 71.30 A-11 ND Fargo 46.%90 A-25
Ak Bethel 60.78 A-11 NE Scotts Bluff 41.87 A-47
AK Bettles 66.92 A-12 NM Albuguerque 35.05 A-8
AK  Fairbanks 64.82 A-25 N Roswell 33.30 A-45
Ak  Gulkana 62.15 A-28 NV Elko 40.83 A-24
Ak  Homer 59.63 A-29 NV  Lovelock 49.07 A-34
AK  Naknek 58.68 A-37 NV  Tomopzh 38.07 A-52
AK  Noume 64.50 A-37 NY Bisghemton 42,22 A-12
Ak  Yzkutat 59.52 A-56 NY ZRochester 43,12 A-44
AR Fort Smith 35.33 A-26 0 Cleveland 41.40 A-18
AZ Phoenix 33.43 A-40 02 Columbus 40.00 A-19
AZ Prescott 34.65 A-42 0K Tulsa 36.20 A-52
AZ Vinslow 35.02 A-55 OR Astoria 46.15 A~10
CA Arcata 40.98 A-10 OR Burns 43.58 A-15
CA Daggett 34,87 A-20 OR Pendleton 45.68 A-39
CA E1 Toro 33.67 A-23 OR Redmond 44.27 A-43
CA Fresno 36.77 A-26 OR Salem 44,92 A-45
CA  Oakland 37.73 A-38 PA Philadelphia 39.88 A-40
CA Red Bluff 40.15 A-42 PA VWilkes-Barre 41.33 A-54
C0 Eagle 39.65 A-22 PI Eoror Is, 7.33 A-32
C0 Grand Junction 39.12 A-27 PI Ewajelein Is. 8.72 A-32
CU Guantanamo Bay 19.90 A-28 PI Wake Is. 19.28 A-53
FL Orlando 28.55 A-39 PR Sanm Juanm 18.43 A-47
FL Tallahassee 30.38 A-51 SC Charleston 32,90 A-16
FL Tampa 27.97 A-51 SC Columbia 33.95 A-18
HI Hilo 19,72 A-29 TN Chettamooga 35.03 A-17
EI Homolule 21.33 A-30 TN Memphis 35.05 A-35%
HI Lihue Eauvai 21.98 A-34 TE Amarillo 35.23 A-9
IA Siouxz City 42.40 A-49 TX Dallas 32.85 A-20
ID Boise 43.57 A-13 TX El Paso 31.80 A-23
ID Pocatello 42.92 A-41 TX [EKingsville 27.52 A-31
IN Evansville 38.05 A-24 TX Sazm Angelo 31.37 A-46
IN Indiamapolis 39.73 A-30 TE Wichita Fells 33,97 A-54
ES Dodge City 37.77 A-21 UT Bryce Canyon 37.70 A-14
ES VWichite 37.63 A-53 UT Salt Lake City 40.77 A-46
LA Lake Chsrles 30.12 A-33 VA Norfolk 36.90 A-38
LA Shreveport 32.47 A-49 VA Rickmond 37.50 A-43
MA Boston 42,37 A-13 VT Burlington 44.47 A-14
ME Caribou 46.87 A-15 WA Seattle/Tacoma 47.45 A-48
¥  Portland 43.65 A-41 WA Spokane 47.63 A-50
MI Grend Rapids 42.90 A-27 WA Yakima 46.57 A-55
MN Duluth 46.83 A-22 WI La Crosse 43,87 A-33
MO Eansas City 39,12 A-31 WV Charlestom 38.37 A-17
MO Springfield 37.23 A-50 WY Casper 42,92 A-16
HS Meridian 32.33 A-35 WY Rock Springs 41.60 A-44
MT Cutbank 48.60 A-19 WY Sheridan 44.77 A-48
MI Dillon 45.25 A-21




Eey to TABLE I.
List of Stations for Which Solar Radiation and Climatic Data
are Presented in Table I

Listed Numerically by Latitude

Lat. Station State Page Lat. Station State Page
7.33 Eoror Is. PI A-32 40.00 Columbus OH A-19
8.72 Ewajalein Is. PI A-32 40,07 Lovelock NV A-34
_ 18.43 San Juan PR A-47 40.15 Ked Bluff CA A-42
19.28 VWake Is. PI A-53 40,77 Salt Lake City UT A-46
19.72 Hilo HI A-29 40,83 Elko NV A-24
, 19.90 Guantanamo Bay (U A-28 40,98 Arcata CA A-10
21.33 Honolulu EI A-30 41.33 VWilkes-Barre PA A-54
21,98 Lihue Kauai HI A-34 41,40 Cleveland OH A-18
27.52 Kingsville TX A-31 41,60 Rock Springs VY A-44
27.97 Tampa FL A-51 41,87 Scotts Bluff NE A-47
28,55 Orlando FL A-39 42.22 Binghamton NY A-12
30.12 Lake Charles LA A-33 42,37 Boston MA A-13
30.38 Tallghassee FL A-51 42.40 Sioux City IA A-49
31.37 Sam Angelo TX A-46 42.90 Grand Repids MI A-27
31.80 E1 Paso TX A-23 42,92 Casgper ¥Y A-16
32,33 Meridian MS A-35 42,92 Pocatello ID A-41
32.47 Shreveport LA A-49 43.12 Rochester NY A-44
32.85 Dsallas TX A-20 43,57 Boise ID A-13
32,90 Charleston sC A-16 43,58 Burns OR A-15
33.30 Roswell NM A-45 43,65 Portland ME A-41
33.43 Phoenix AZ A-40 43,87 La Crosse VI A-33
33.67 E1 Toro CA A-23 44,27 Redmond OR A-43
33.95 Columbia sC A-18 44,47 Burlington VT A-14
33.97 Wichita Falls TX A-54 44.717 Sheridan VY A-48
34,65 Prescott ‘AZ A-42 44.92 Salem OR A-45
34.87 Daggett CA A-20 45.25 Dillon MT A-21
35,02 Vinslow AZ A-55 45.68 Pendleton OR A-39
35.03 Chattanooga TN A-17 46.15 Astoria OR A-10
35.05 Albugquerque NM A-8 46,43 Miles City MT A-36
35.65 Memphis TN A-35 46.57 Yakima WA A-55
35.23 Amarillo TX A-9 46.83 Duluth MN A-22
35.33 Fort Smith AR A-26 46.87 Cariboun ME A-15
g 36.20 Tulse 0K A-52 46.90 Fargo ND A-25
36.77 Frasno CA A-26 46.92 Missoulas MT A-36
36.90 Norfolk VA A-38 47.45 Seattle/Tacoma WA A-48
’ 37.23 Springfield MO A-50 47.63  Spokane WA  A-50
37.50 Richmond VA A-43 48,60 Cutbank MT A-19
37.63 VWichita KS A-53 51.88 Adak AX A-8
37.70 Bryce Canyon T A-14 55.03 Annette AKX A-9
37.73 Oakland CA A-38 58.68 Naknek AK A-37
37.77 Dodge City KS A-21 59.52 Yakutat AKX A-56
38.05 Evansville IN A-24 59.63 Homer AK A-29
38.07 Tonopah NV A-52 60.78 Bethel AKX A-11
38.37 Charleston v A-17 62.15 Gulkana AK A-28
39.12 Grand Junction CO A-27 64.50 Nome AK A-37
39.12 Kansas City MO A-31 64.82 Feairbanks AX A-25
39.65 Eagle co A-22 66.92 Bettles AK A-12
39,73 1ndisnapolis IN A-30 71.30 Barrow AKX A-11

39.88 Philadelphia PA A-40
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TABLE I

AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),
CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

ADAE, AK

51.88 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL) '
. KT TH WS

HOR 10 20 30 40 50 60 70 80  VERT

JAN .72 .95 1.15 1.33 1.47 1.58 1.64 1.67 1.65 1.59 .344 1. 6.
FEB 1.36 1.66 1.92 2.13 2.29 2.40 2.45 2.44 2.36 2.23 .383 0. 7.
MAR 2.26 2.54 2.77 2.94 3.04 3,07 3.03 2.92 2.75 2.51 .391 1

APR 3.25 3.46 3.59 3.64 3.62 3.52 3.35 3.11 2.81 2.46 .388 3. 7.
MAY 3.72 3.81 3.84 3.79 3.67 3.47 3.22 2.92 2.57 2.18 .357 5. 6.
JON 3.73 3.77 3.74 3.65 3.50 3.28 3,02 2.71 2.36 2.01 .327 1. 5.

JUL 3.53 3.58 3.57 3.50 3.36 3.16 2.92 2.64 2,31 1.98 .321 9. 5.
AUG 2.99 3.10 3,15 3.14 3.07 2.94 2.77 2.54 2.27 1.98 .321 10. 6.
SEP 2.39 2.60 2.75 2.85 2.89 2.8 2.77 2.63 2.43 2.20 .351 9. 6.

ocT 1.66 1.95 2,20 2,39 2.53 2.61 2.63 2.58 2.48 2.34 .382 6. 7.
NOV .97 1,25 1.51 1.73 1.91 2.04 2.12 2.14 2.11 2.06 .388 3. 7.
DEC .59 .80 .98 1.15 1,28 1.39 1.45 1.48 1.48 1,48 .335 1. 6.

YRT 828. 897. 949. 981. 993, 983, 954, 905, 838, 760.

ALBUQUERQUE, NM

35.05 N LATITURZ
SURFACE TILT (DEGREES UP FROM BORIZONTAL)
HONTH KT TH WS
HOR 10 20 30 40 50 60 70 80  VERT

JAN 3.20 3.90 4.51 5.00 5.36 5.57 5.64 5.56 5.3¢ 5.00 .650 1, 3.
g FEB 4.22 4.90 5.45 5.87 6.14 6.25 6.19 5.98 5.61 5.12 .676 4. 4.
MAR 5.58 6.12 6.51 6.75 6.81 6.70 6.42 5.98 5.40 4.71 .694 8, 4,
APR 7.02 7.33 7.45 7.39 7.15 6.74 6.17 5.45 4.61 3.69 .718 13. 5.
MAY 8.00 8.06 7.92 7.59 7.09 6.44 5.64 4.72 3.77 2.79 .734 18, 5.
JUN 8.44 8.37 8.09 7.62 6.99 6.22 5.32 4.3¢ 3.35 2.40 .741 24, 4.

AUG 7.22 7.41 17.41

7 6.69 6.02 5.22 4.32 3.42 2.52 .700 25. 4,

7 .
SEP 6.21 6.68 6.97 17

6

S

4

23
23 6.89 6.39 5.75 4.97 4.09 3.20 .701 24, 4
10 7.04 6.81 6.42 5.86 5.16 4.36 .710 20, 4,

OCT 4.88 5.55 6.08
NOV 3.57 4.29 4.91
DEC 2.93 3.62 4.23

46 6.67 6.71 6.58 6.28 5.81 5.22 ,704 14, 4.
.40 5.75 5.95 5.99 5.88 5.60 5.20 .674 6. 3.
73 5.10 5.34 5.44 5.40 5.20 4.90 .640 2. 3.

YRT 2105. 2254. 2348. 2384. 2363. 2285. 2152. 1968. 1743. 1491.
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CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),

TABLE I (Continued)
AVERAGE DATLY ARRAY INSOLATION (EWH/SQ.M./DAY),

AND MONTHLY AVERAGE VIND SPEED (WS, M/S)

AMARTLIO, TX

35.23 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH KT T WS
HOR 10 20 30 40 S0 60 70 80 VERT
JAN 3.03 3.67 4.22 4,67 5.00 5.19 5.26 5.18 4.97 4.64 .618 2. 6.
FEB 3.91 4.52 5.01 5.37 5.61 5.69 5.64 5.44 5.10 4.65 .629 4. 6.
MAR 5.14 5.62 5.97 6.17 6.21 6.11 5.85 5.45 4.92 4.29 .642 8. 7.
APR 6.36 6.62 6.72 6.66 6.45 6.08 5.58 4.94 4.20 3.39 .652 14. 1.
MAY 6.97 7.02 6.89 6.61 6.19 5.65 4.99 4.22 3.43 2.60 .639 19. 7.
JUN 7.54 7.48 1.25 6.84 6.30 5.64 4.87 4.03 3.17 2.35 .662 24. 6.
JUL 7.19 7.17 6.99 6.64 6.16 5.56 4.85 4.05 3.24 2.43 .641 26. 6.
AUG 6.63 6.79 6.79 6.63 6.32 5.87 5.29 4.60 3.81 3.01 .644 25. 5.
SEP 5.55 5.93 6.17 6.27 6.21 6.00 5.65 5.17 4.56 3.87 .636 20. 6.
OCT 4.43 5.00 5.46 5.77 5.95 5.97 5.85 5.57 5.16 4.64 .642 14. 6.
NOV 3.25 3.88 4.41 4.83 5.12 5.29 5.32 5.21 4.6 4.61 .618 7. 6.
DEC 2.75 3.38 3.93 4.39 4.72 4.94 5.02 4.98 4.80 4.51 .605 3. 6.
YRT 1911. 2042. 2125. 2156. 2137. 2068. 1951. 1788. 1590. 1367.
ANNETTE IS, AK
55.03 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORTZONTAL)
MONTH KT TM WS
HOR 10 20 30 40 50 60 70 80 VERT
JAN .56 .77 .97 1.15 1.29 1.41 1.48 1.52 1.52 1.94 .345 1. 5.
FEB 1.18 1.48 1.75 1.98 2.16 2.29 2.36 2.37 2.32 2.23 .390 2. 5.
MAR 2.26 2.61 2.89 3.11 3.26 3.33 3.32 3.23 3.07 2.85 .427 3. 5.
APR 3.62 3.91 4.11 4.22 4.23 4.15 3.99 3.73 3.40 3.01 .449 6. 5.
MAY 4.64 4.82 4.89 4.88 4.75 4.53 4.22 3.84 3.39 2.89 .453 9. 4.
JUN 4.62 4.71 4.71 4.62 4.45 4.18 3.85 3.47 3.02 2.55 .407 12. 4.
JUL 4.54 4.66 4.68 4.62 4.47 4.22 3.91 3.53 3.10 2.61 .416 14. 4.
AUG 3.67 3.87 3.99 4.02 3.97 3.84 3.63 3.36 3.01 2.63 .405 14. 4.
SEP 2.56 2.84 3.07 3.22 3.30 3.31 3.24 3.10 2.89 2.65 .401 12. 4.
ocT 1.33 1.57 1.78 1.95 2.07 2.15 2.18 2.15 2.07 1.98 .347 8. 5.
NOV .68 .91 1.12 1.29 1.44 1.55 1.62 1.65 1.64 1.62 .347 4. 5.
DEC .39 .53 .67 .79 .89 .97 1.02 1.05 1.05 1.06 .301 2. 6.
YRT 916. 996. 1055. 1092. 1105. 1094. 1060. 1004. 927. 852.



TABLE I (Continued)

AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (VWS, M/S)

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

ARCATA, CA

40.98 N LATITUDE

10

20

30

40

50

60

70 80

VERT

ET T™

Vs

JAN
FEB

N O o
o ~NN

.423
.468
.489

APR
MAY

S
w W -

.533
.5317
.539

JUL
ANG
SEP

DN
& NS

2.72

3508
.496

".519

13.
13.
13.

NOV
DEC

N W &b LN O % & W

SO
woo

3.31
2.87
2.61

.486
.432
.415

12,
10.
8.

2‘
3.
3.

1491.

1549, 1573. 1561, 1517.

1439,

1329. 1195.

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

1053.

ASTORIA, OR

46.15 N LATITUDE

20

30

50

60

80

VERT

ET 1TM

LB

JAN
FEB

.323
.381
.413

S.
6.
7.

APR
MAY

.442
.475
.447

9.
11.
14.

JuL
AUG
SEP

.494
.485
.494

15.
16.
15.

oCcT
NOV
DEC

2.25
1.19
.82

2.58
1.43
.99

3.06
1.81
1.28

1.44

.426
.345
.305

12.
8.
6.

1152, 1228. 1278.

1300.

1294, 1260.

1201.

1116. 1009.

v

901.
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TABLE I (Contimmed)

AVERAGE DATILY ARRAY INSOLATION (EWH/SQ.¥./DAY),
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

BARROVW, AK

71.30 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH ET T WS
HOR 10 20 30 40 50 60 70 80 VERT
JAN .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .000 -26. 5.
FEB .23 .53 .82 1.09 1.33 1.53 1.68 1.78 1.84 1.84 .484 -29. 5.
MAR 1.55 2.22 2.84 3.38 3.84 4.18 4.42 4.53 4.51 4.37 .595 -27. 5.
APR 3.31 3.86 4.32 4.68 4.92 5.04 5.04 4.91 4,67 4.32 .544 -18, 5,
MAY 3.59 3.78 3.91 3.97 3.96 3.88 3.72 3.49 3.20 2.86 .374 -7. 5.
JUN 4.81 4.93 5.00 5.01 4.92 4.77 4.52 4.18 3.79 3.34 .410 1. 5.
JUL 4.60 4.77 4.89 4.94 4.89 4.76 4.54 4.22 3.85 3.41 .422 4. 5.
AUG 2.69 2.92 3.10 3.21 3.26 3.24 3.15 3.00 2.79 2.55 .355 3. 5.
SEP 1.31 1.5 1.78 1.96 2.09 2.18 2.21 2.19 2.12 2.09 .335 -1. 6.
ocT .39 .61 .82 1.01 1.17 1.30 1.40 1.45 1.47 1.84 .348 -10. 6.
NV .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .000-19. 6.
DEC .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .000-25. §.
YRT 687. 769. 838. 892. 926. 941. 934, 906. 859. 810.
BETHEL, AK
60.78 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)®
MONTH ET TH WS
HOR 10 20 30 40 50 60 70 80 VERT
JAN .30 .53 .74 .94 1.11 1.25 1.35 1.42 1.44 1.43 .390 -16. 6.
FEB 1.00 1.41 1.79 2.12 2.40 2.62 2.76 2.83 2.82 2.74 .481 -15. 6.
MAR 2.33 2.85 3.31 3.69 3.97 4.16 4.23 4.20 4.06 3.81 .532 -12. 6.
APR 3.78 4.19 4.50 4.70 4.80 4.78 4.65 4.42 4.09 3.67 .511 -5. 6.
MAY 4.58 4.81 4.93 4.96 4.89 4.71 4.43 4.09 3.66 3.17 .460 4. 5.
JUN 4.79 4.91 4.95 4.89 4.76 4.52 4.20 3.83 3.38 2.89 .424 10. 5.
JUL 4.06 4.19 4.24 4.20 4.10 3.92 3.65 3.35 2.98 2.57 .378 13. 5.
AUG 2.90 3.07 3.18 3.22 3.20 3.11 2.97 2.77 2.52 2.27 .339 11. 5.
SEP 2.21 2.51 2.77 2.96 3.08 3.13 3.11 3.01 2.85 2.68 .397 7. 5.
OCT 1.17 1.50 1.80 2.05 2.25 2.40 2.49 2.51 2.46 2.54 .406 -1. 5.
NOV .43 .67 .90 1.11 1.28 1.43 1.53 1.59 1.61 1.91 .388 -8. 6.
DEC .15 .27 .38 .48 .57 .64 .69 .13 .74 1.11 .304 -15. 6.
YRT 844. 942. 101¢. 1075. 1108. 1115. 1056. 1055. 991. 935.
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TABLE I (Continued)
AVERAGE DAILY ARRAY INSOLATION (EVH/SQ.M./DAY),
CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S) o

BETTLES, AK.

66.92 N LATITUBE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH ET T WS
HOR 10 20 30 40 50 60 70 80  VERT

JAN .03 .11 .19 .27 .33 .39 .43 .46 .48 .93 .338 -26. 3.
FEB .54 .93 1,30 1.63 1.91 2.14 2.32 2.42 2.46 2.76 .495 -23. 3.
MAR 1.94 2.57 3.14 3.63 4.03 4.32 4,49 4.54 4.46 4.34 .579 -17. 3.
APR 3.87 4.45 4.92 5.27 5.49 5.57 5.51 5.32 5.01 4.61 .583 -6. 4,
MAY 5.35 5.71 5.9 6.07 6.09 5.95 5.69 5.30 4.83 4.25 .554 6. 3.
JUIN 5.85 6.06 6.16 6.16 6.05 5.83 5.48 5.04 4.52 3.92 .514 14. 3.

JUL 4.93 5.14 5.26 5.28 5.21 5.04 4.77 4.40 3.98 3.48 .462 15, 3,
AUG 3.39 3.69 3.90 4.05 4.10 4.06 3.93 3.72 3.44 3.12 .425 12, 3,
SEP 2.12 2.55 2,91 3,21 3.44 3.57 3.62 3.58 3.44 3.31 .460 4, 3.

ocT .80 1.15 1.47 1.76 2.00 2.19 2.32 2,39 2.39 2.55 .431 -7. 3.
NOV .13 .33 51 .69 .84 .98 1.08 1.15 1.19 1.78 .42 -19. 3.
DEC .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 ,0C %24, 3,

YRT 884. 997. 1089. 1159. 1203. 1219. 1206. 1165. 1101, 1064,

BINGHAMTON, NY

42 .22 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH: 4 ™ WS
EOR 10 20 30 40 50 60 70 80  VERT

JAN 1.22 1.43 1,61 1,76 1.86 1.93 1.95 1.92 1.85 1.74 .326 -6. 5.
FEB 1.81 2.05 2.24 2.38 2.47 2.51 2.49 2.41 2.28 2.10 .353 -5, S§.
MAR 2.72 2.94 3.11 3.21 3,24 3.20 3,09 2,91 2.68 2.39 .380 -1. 5.

APR 3.92 4,08 4.17 4.16 4.07 3.89 3.63 3,31 2.92 2.47 .422 1. S§.
MAY 4.71 4.79 4.76 4.63 4.41 4,11 3,74 3.30 2.80 2.30 .437 13. 5.
JUN 5.30 5.32 5.23 5.03 4.72 4.35 3.90 3.38 2.84 2.27 .462 18. 4.

JUL 5.23 5.28 5.21 5.04 4.76 4.40 3.96 3.46 2,91 2.35 .467 20. 4,
AUG 4.49 4.63 4.67 4.61 4.45 4.21 3.88 3.48 3.01 2.52 .450 19. 4.
SEP 3.56 3.82 4.00 4.08 4.08 3.98 3.80 3.54 3.20 2.82 .445 15. 4.

OCT 2.46 2.76 3.01 3,19 3.30 3.33 3.28 3.16 2.96 2.73 .418 10. 4.
NOV 1.30 1.50 1.67 1.80 1.89 1.94 1.94 1.9 1.82 1.79 .317 3. 5.
DEC .94 1.08 1.20 1.30 1.37 1.41 1.42 1.40 1.35 1.35 .280 -3. 5

IRT 1148. 1209. 1245, 1254. 1237. 1195. 1129. 1040, 932. 816.
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TABLE I (Continmed)

AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.M./DAY),
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

BOISE, ID

43.57 N LATITUDE
SURFACE TILT (DEGREES UP FROM EORIZONTAL)

A-13

MONTH

10

20 30

40

50

70

80

JAN
FEB

.437
.537
.591

6.39
6.38

.628
.668
677

6.99
6.79
6.74

.736
.700
.6%97

DEC

4.21
2.45
1.74

5.55
3.64
2.72

5.10
3.60
2.75

.632
.510
.441

BOSTON, MA

42.37 N LATITUDE

1860,

1952, 1996,

1992.

1942. 1848,

1709.

1533.

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

1340.

20 30

40

50 60

70

80

JAN
FEB

2.34
3.10
3.89

.405
.437
-450

=2,
-1.
3.

APR
MAY

4.47
5.19
5.44

.451
.488
.499

14.
20.

JUL
AUG
SEP

5.32
4.82
4.60

.493
.470
.497

23.
21.
18.

ocT
NOV
DEC

3.1713
2.34
2.02

3.93
2.59
2.30

479
.387
.382

13.
1.

1416. 1439.

1391, 1323.

1106.

979.



TABLE i (Continued)
AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.M./DAY),

CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

BRYCE CANYON, UT

37.70 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH KT TM WS
HOR 10 20 30 40 50 60 70 80  VERT

JAN 2.88 3.58 4.19 4.69 5.06 5.31 5.41 5.37 5.18 4.96 .642 -7. 3.
. FEB 3.89 4.57 5.13 5.57 5.86 6.00 5.98 5.81 5.49 5.05 .655 -5. 4.
MAR 5.31 5.89 6.32 6.59 6.69 6.62 6.39 6.00 5.46 4.81 .689 -2. 4.

APR 6.72 7.06 7.22 17.20 7.01 6.66 6.14 5.48 4.70 3.84 .700 3. 4.
MAY 7.73 17.83 7.74 7.47 7.02 6.44 5.71 4.85 3.94 2.99 .711 9. 4.
JUN 8.37 8.34 8.12 7.70 7.10 6.39 5.53 4.57 3.61 2.63 .732 1l4. 4.

JUL 7.64 17.67 17.51 7.17 6.68 6.07 5.32 4.47 3.60 2.69 .681 17. 3.
AUG 6.80 7.01 7.05 6.92 6.63 6.20 5.63 4.93 4.13 3.28 .666 16. 3.
SEP 6.05 6.56 6.90 7.07 7.07 6.88 6.53 6.01 5.35 4.57 .713 12. 3.

OCT 4.62 5.32 5.88 6.30 6.56 6.64 6.55 6.29 5.87 5.31 .705 6. 3.
NOV 3.20 3.91 4.53 5.02 5.39 5.61 5.69 5.61 5.39 5.19 .658 -1. 3.
DEC 2.58 3,26 3.85 4.35 4.73 4.99 5.11 5.10 4.95 4.83 .626 -6, 3.

YERT 2004. 2161. 2266. 2314, 2306. 2245. 2128, 1960, 1752. 1523,

BURLINGTON, VT

44.47 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH ET TH WS
HOR 10 20 30 40 50 60 70 80 VERT

JAN 1.34 1.66 1.93 2.16 2.34 2.47 2,53 2.52 2.46 2.49 .401 -8. 4.
. FEB 2.13 2.50 2.82 3.06 3.24 3.33 3.35 3.28 3.13 2,93 .447 -1. 4.
MAR 3.33 3.69 3.97 4.16 4.25 4.24 4,14 3.93 3.64 3.28 .487 -2, 4

* APR 4.57 4.82 4.96 4.99 4.91 4.72 4.44 4.05 3.59 3.06 .502 6. 4.
MAY 5.57 5.69 5.69 §5.57 5.32 4.97 4.53 4.01 3.40 2.79 .520 13. 4.
JUN 6.15 6.19 6.11 5.90 5.56 5.12 4.60 3.99 3.34 2.67 .536 18. 4.

JOL 6.15 6.24 6.19 6.01 5.69 5.27 4.76 4.15 3.48 2.80 .550 21. 3.
AUG 5.27 5.49 5.58 5.54 5.38 5.11 4.74 4.26 3.70 3.09 .536 19. 3
SEP 3.98 4.33 4.58 4.72 4.76 4.68 4.50 4.21 3.83 3.39 .514 15. 3.

OCT 2.63 3.02 3.34 3.58 3.74 3.81 3.79 3.67 3.47 3.22 .475 9. 4
NOV 1.37 1.63 1.8 2.05 2.19 2.28 2.32 2.30 2.22 2.17 .366 3. 4
DEC 1.01 1.23 1.43 1.60 1.73 1.81 1.8 1.8 1.81 1.80 .340 -5. 4

YRT 1326. 1417. 1477. 1503. 1495. 1456. 1386. 1285. 1157. 1024.
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TABLE I (Contimmed)

AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TH, DEG C),
AND HONTHLY AVERAGE VWIND SPZED (WS, M/S)

BURNS, OR

43.58 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

A-15

10

20

30

40

50

60

70

80

1.92
2.94
4.17

2.95
3.89
4.47

442
.507
.538

-3.
6.
2.

5.50
6.62
7.24

4.61
4.57
4.52

.367
.603
.626

12.
16.

JUL
AUG

SEP

7.87
6.86
5.62

7.57
6.96
6.22

.693
.664
.650

NOV
DEC

3.82
2.30
1.1

4.62
2.99
2.30

4.94
3.45
2.74

2.66

579
.482
.435

1603. 1724.

CARIBOU, ME

1806, 1845.

46.87 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

1840.

1794. 1707.

1580. 1420.

1246.

10

20

30

40

50

60

70

JAN
FEB

1.70
2.76
4.04

2.54
3.77
4.84

© wo

.449
.520
.549

APR
MAY

4.73
5.10
5.60

4.89
4.82
5.09

.
[CY TR G G ppeogy
Qw3

.502

.484

JUL
AUG
SEP

w L awn

V-7 3
O W

-499
.488
-465

19.

13,

oCT
NOV
DEC

2.17
1.16
.98

[ T
. e L}
==
e w2

2.74
1.92
2.04

.420
.346
.380

6.
0.
-9.

1225. 1322.

1391. 1429. 1434.

1408, 1353.

1267. 1154. 1036.




CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (1M, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

TABLE I (Comtinued) ,
AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

CASPER, WY

42.92 N LATITUPE

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH— KT TM WS
BOR 10 20 30 40 S50 60 70 80 VERT
JAN 2,16 2,77 3.32 3.79 4.15 4.41 4.55 4.56 4.46 4.30 ,597 -4. 8.
FER 3.19 3.85 4.41 4.8 5.19 5.38 5.43 5.34 5,11 4.78 .,635 -3. 1.
MAR 4.55 5.12 5.57 5.88 6.04 6.05 5.91 5.62 5.19 4.68 .645 0. 6.
APR 5.82 6.17 6.38 6.43 6.33 6.08 5.69 5.17 4.54 3.84 .631 5. 6.
MAY 6.95 7.11 7.11 6.93 6.60 6.14 5.55 4.84 4.04 3.23 .646 11. 5.
JUON 7.8 7.94 7.82 7.51 17.03 6.43 5.70 4.85 3.96 3.04 .688 17. S.
JoL 7.99 8.11 8.04 7.77 17.32 6.73 6.00 5.14 4.21 3.26 .714 22, 5.
AUG 7.02 7.34 7.48 7.44 7.22 6.83 6.29 5.61 4.79 3.%0 .706 21, 5,
SEP 5.51 6.07 6.49 6.74 6.82 6.72 6.46 6.04 5.47 4.718 .695 14, 5,
OCT 3.84 4.52 5.08 5.52 5.82 5.96 5.95 5.719 5.47 5.04 ,665 8. 5.
NOV 2.42 3,04 3.60 4.06 4.42 4.66 4.77 4.76 4.63 4.48 .604 1. 6.
DEC 1.87 2.45 2.97 3.42 3.77 4.03 4.18 4.21 4.13 4.05 .580 -3. 1.
YRT 1804. 1965. 20792. 2142. 2152. 2112. 2023. 1883. 1702. 1500.

CHARLESTON, SC

32.90 N LATITUDE

20

30

40

50

60

70

80

VERT

KT

TH

Vs

JAN
FEB

3.39
4.09
4.80

.444
477
.511

9.
10.
13.

4.
5.
5.

APR
MAY

.552
.5317
.512

18,
22.
26.

s'
4.
4.

JOL

SEP

.507
.481
.491

26.
26.
23.

ocTr
NOV
DEC

4.67
4.34
3.55

.521
.522
.460

18.
13.
10.

1549. 1628.

1671. 1677.

1647. 1581.

1481.

1350. 1195. 1027.
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A-17

CLEARNESS NUMBER (KT), MEAN MONTHLY YEMPERATURE (THM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

CHARLESTON, WV

38.37 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTR

’ TABLE I (Comtinmed)
AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.H. /DAY),

EOR 10

20

30

40

50

60 70

80

JAN
FEB
MAR

2.22
2.87
3.70

2.45

.359
.387
417

1.
3.
7.

APR
MAY
JUN

.447
475
.489

13.
18.
22,

JUL
AUG
SEP

5.32
4.89
4.26

.473

476

23.

0oCT
NOV
DEC

3.07
1.93
1.39

3.43
2.25
1.63

3.1
2.51
1.84

3..
2.73
2.00

3.52
2.76
2.10

475
.407
.347

YRT

1294. 1363.

CHATTANGOGA, TN

1403. 1412. 1391.

35.03 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH

1342.

1264. 1160,

1036.

HOR

20

30

40

50

60 70

80

JAN
FEB
MAR

.403
.432
.462

4.

10.

APR
MAY
JUN

.499
.500
.506

15.
20.
24,

JUL
AUG
SEP

2.44

.488
499
.481

25.
25.
22,

ocrt
Nov
DEC

.505
.460
400

15.
9.
5.

YRT

1434. 1507.

1548. 1554. 1527.

1468.

1377. 1259.

1118.

966.



TABLE I (Continued) : ; '
AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),

CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (T, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

CLEVELAND, OH

41.40 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
KONTH: ET TM WS
HOR 10 20 30 40 50 60 70 80  VERT

JAN 1,23 1.42 1.59 1.73 1.82 1.88 1,89 1.8 1.79 1.69 .317 -3. 6.
FEB 1.89 2.13 2.33 2.47 2.57 2.60 2.57 2.49 2.35 2.17 .359 -2. 5§,
MAR 2.91 3.15 3.33 3.44 3.47 3.43 3.31 3.12 2.86 2.56 .401 2. 6.

APR 4.26 4.44 4.53 4.53 4.42 4.22 3,94 3,57 3.14 2.65 .455 9. 5.
MAY 5.87 5.97 5.94 5.77 5.48 5.09 4.60 4,02 3.37 2.72 .543 15, 5.
JUN 5.81 5.82 5.72 5.49 5.14 4.72 4.21 3,62 3.02 2.39 .507 20. 4.

JUL 5.76 5.81 5.73 5.53 5.21 4,80 4.31 3.73 3.12 2.49 .514 22. 4.
AUG 4.99 5.15 5.19 5.12 4.94 4.66 4.29 3.83 3.30 2.74 .498 21. 4.
SEP 3.90 4.19 4.39 4.48 4.48 4.37 4.17 3.87 3.49 3.06 .482 18. 4.

ocr 2.73 3.09 3.37 3.57 3.70 3.73 3.68 3.54 3,32 3.05 .455 12. 5.
NOV 1.47 1,71 1.91 2,07 2.18 2,24 2.25 2.21 2.12 2.07 .346 6. 5.
DEC 1.01 1.16 1.29 1.40 1.47 1.52 1.53 1.51 1.45 1.46 .287 O, 5.

YRT 1275. 1343. 1381. 1390. 1367. 1318. 1241. 1138. 1014. 884,

COLUMBIA, SC

33.95 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH ET TM VWS
HOR 10 20 30 40 50 60 70 80 VERT

JAN 2.39 2.79 3.13 3.39 3.57 3.67 3.67 3.59 3.42 3.26 .469 7. 3.
FEB 3.22 3.61 3.93 4.15 4.28 4.31 4.23 4.05 3.78 3.44 .501 9. 3.
MAR 4.27 4.60 4.82 4.93 4.93 4.81 4.59 4.25 3.83 3.35 .524 12. 4.

. APK 5.50 5.69 5.74 5.66 5.46 5.14 4.70 4.17 3.55 2.88 .559 18. 4,
MAY 5.97 5.99 5.87 5.62 .26 4.81 4.25 3.61 2.96 2.30 .547 22. 3.
.13 4.61 4,01 3.36 2.70 2.06 .539 25. 3.

JUL 5.80 5.77 5.61 5.34 4.96 4,50 3.95 3.34 2.72 2.10 .518 26. 3.
AUG 5.37 5.46 5.43 5,29 5,03 4,67 4.22 3.68 3.08 2.46 .519 26. 3.
SEP 4.53 4.78 4.93 4.96 4.88 4.70 4.40 4,02 3.55 3.01 ,513 23. 3.

OCT 3.82 4.24 4.56 4.78 4.88 4.86 4.73 4.48 4,13 3.69 .540 17. 3.
NOV 2.90 3.38 3.77 4.08 4.29 4.39 4.38 4.26 4,04 3.72 .530 12. 3.
DEC 2.28 2.70 3.06 3.35 3.56 3.68 3.70 3.64 3.48 3.26 .479 8. 3.

YRT 1589. 1677. 1727. 1738. 1711. 1646. 1545. 1412, 1253, 1080.
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CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (TM, DEG C),

TABLE I (Continmed)
AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.H./DAY),

AND MONTHLY AVERAGE VWIND SPEED (¥S, M/S)

COLUMBUS, OH

40.00 N LATITUDE

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH ™ us
HOR 10 20 30 40 50 60 70 80 VERT
JAN 1.45 1.70 1.91 2,08 2,21 2.28 2,30 2,26 2.17 2.05 -2. §.
FEB 2.13 2.41 2.63 2.80 2.90 2.94 2.91 2.81 2.65 2.44 0. 5.
MAR 3.09 3.34 3.53 3.63 3.66 3.60 3.47 3,26 2.98 2.65 4. 5.
APR 4.27 4.44 4.51 4.49 4.38 4,17 3.88 3.51 3.07 2.58 11, 5.
MAY 5.19 5.25 5.21 5.05 4.78 4.44 4.01 3.50 2.95 2.39 16. 4.
JON 5.71 5.71 5.60 5.3¢ 5.01 4.59 4.08 3.50 2.21 2.29 21. 3.
JUL 5.53 5.56 5.47 5.26 4.95 4.56 4,08 3.52 2.94 2.34 23. 3.
AUG 4.99 5.13 5.16 5.08 4.89 4.60 4.22 3.76 3.22 2.66 22, 3§,
SEP 4.04 4.32 4.51 4.59 4.57 4.45 4.23 3.92 3.52 3.07 19. 3.
OCT 2.98 3.36 3.66 3.87 3,99 4.02 3.96 3.80 3.55 3.25 12, 3.
NOV 1.69 1.97 2,21 2.40 2.53 2.60 2.61 2.56 2.45 2.39 6. 4.
DEC 1.22 1.44 1.62 1.77 1.88 1.94 1.96 1.94 1.87 1.86 0. 4.
YRT 1289. 1360. 1402, 1413, 1393. 1346. 1270. 1167. 1043. 911.
CUTBANK, MT
48.60 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH: ™ VS
HER 10 20 30 40 50 60 70 80  VERT
JAN 1.27 1.67 2.04 2.36 2.62 2.80 2.92 2.9 2.92 2.90 -9, 6.
FEB 2.16 2.67 3.10 3.47 3.74 3.92 4.00 3.97 3.84 3.72 -5. 6.
MAR 3.56 4.07 4.48 4.79 4.97 5.04 4.98 4.79 4.49 4.10 -3. 6.
APR 4.68 5.00 5.21 5.30 5.27 5.11 4.85 4.48 4.01 3.47 4, 6.
MAY 5.93 6.12 6.18 6.10 5.88 5.53 5.09 4.54 3,91 3.22 10. 6.
JUN 6.45 6.54 6.50 6.32 6.01 5.57 5.05 4.43 3.73 3.04 14. 5.
JUL 7.21 7.38 7.40 7.24 6.92 6.44 5.87 5.16 4.35 3.52 18. 5.
AUG 5.98 6.32 6.51 6.54 6.42 6.15 5.76 5.23 4.59 3.84 17. 5.
SEP 4.26 4.74 5.11 5.35 5.47 5.45 5.30 5.02 4.62 4.11 12, 8.
OCT 2.74 3.28 3.75 4.11 4.38 4.53 4.57 4.49 4.30 4.01 7. 6.
NOV 1.51 1.96 2.35 2.69 2.96 3.16 3.27 3.30 3.23 3.12 -1, 6.
DEC 1.05 1.43 1.78 2.08 2.33 2.51 2.63 2.68 2.66 2.60 -5. 7.
YRT 1427. 1561. 1658. 1717. 1735. 1712. 1652. 1554. 1419. 1267.



TABLE I (Continued)

AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.M./DAY),
CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

DAGGETT, CA

34.87 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
, ET T™M WS

HOR 10 20 30 40 50 60 70 80 VERT

JAN 3.02 3.65 4.18 4.62 4.93 5,12 5.17 5.09 4.87 4.57 .609 8, 4
FEB 4.03 4.65 5.16 5.54 5.77 5.8 5.80 5.59 5.24 4.77 .642 11. 4
MAR 5.59 6.13 6.53 6.75 6.81 6.70 6.42 5,98 5.39 4.68 .695 14. 6

APR 7.17 7.48 7.61 7.54 7.30 6.88 6.29 5.55 4.69 3.73 .732 18. 6.
MAY 8.17 8.23 8.08 7.73 7.22 6.55 5.73 4.78 3.80 2.78 .749 23. 7.
JUN 8.72 8.64 8.35 17.85 7.19 6.40 5.45 4.44 3.41 2.42 .765 27. 1.

JoL 8.21 8,18 7.96 17.54 6.97 6
A6 7.51 7.711 7.11 1.53 17.17 6.
SEP 6.33 6.80 7.11 7.23 7.18 6.

26 5.40 4.45 3.49 2,52 .732 31. 5
64 5.96 5.14 4.21 3.26 .728 30. 5.
94 6.53 5.96 5.25 4.42 .722 26. 5

OCT 4.78 5.42 5.93 6.29 6.49 6.52 6.38 6.09 5.63 5.05 .688 20. 4.
NOV 3.35 4.00 4.55 4.98 5.29 5.46 5.48 5.36 5.11 4.73 .630 ‘13. 4.
DEC 2.77 3.39 3.93 4.37 4.70 4.91 4.99 4,94 4.76 4.46 .601 9. 4.

YRT 2121. 2262. 2347, 2373. 2343, 2258, 2117. 1926. 1697. 1439.

DALLAS, TX

32.65 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH: ET TH VWS
HOR 10 20 30 40 50 60 70 80 VERT

JAN 2.59 3.01 3.36 3.64 3.82 3.91 3.91 3.81 3.61 3.34 .488 7. 5.
N FEB 3.38 3,78 4.10 4.33 4.45 4,46 4.37 4,18 3.88 3.51 .510 9. 5
MAR 4.48 4.81 5.04 5.14 5.13 4.99 4.75 4.39 3.94 3.41 .540 13. 6.

* APR 5.13 5.27 5.30 5.21 5.01 4.70 4.29 3.80 3.23 2,61 .,517 19. 6
MAY 5.95 5.95 5.82 5.56 5.20 4,73 4.17 3,52 2.88 2.21 .545 23. 5
JUN 6.73 6.64 6.40 6.02 5.53 4.94 4.25 3,52 2.76 2.07 .593 28. §

JUL 6.69 6.64 6.43 6.09 5.63 5.06 4.38 3.65 2,90 2.18 .598 30. 5.
ATG 6.15 6.25 6.21 6.03 5.72 5.29 4.74 4.09 3.37 2.64 .592 29. 4.
SEP 5.00 5.28 5.44 5.47 5.38 5.16 4.82 4,38 3.85 3.24 .558 26. 4.

OCT 4.03 4.46 4,78 5.00 5.09 5.06 4.91 4.64 4.26 3.86 .555 20, 4.
NOV 2.95 3.40 3.77 4.06 4.24 4.32 4.30 4.17 3.94 3.62 .519 13. 5.
DEC 2.46 2.90 3.27 3.57 3.78 3.90 3.91 3.84 3.66 3.42 .495 9. 5.

YRT 1691. 1778. 1825. 1829. 1794, 1719. 1606. 1459, 1285, 1095.
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A-21

DILLON, MT

45.25 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORYIZONTAL)

MONTH

TABLE I (Continmed)
AVERAGE DAILY ARRAY INSOLATION (EKWH/SQ.M./DAY),

CLEARNESS NUMBER (KET), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

BOR

20

30

40 50

60

70 80

JAN
FEB
MAR

.510
.573
.599

—60
-3.
-10

APR
MAY
JON

.572
.587
.589

10.
15.

JUL
ATG
SEP

.676
+652
.626

19,
18.
12.

ocT
NOV
DEC

.527
.500

7.
0.
~§.

YRT

1718. 1817. 1873.

DODGE CITY, KA

37.77 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

1883. 1851.

1777.

1660. 1506.

1332.

JONTH:

20

30

40 50

60

70

JAN
FEB
MAR

4.13
4.95
5.66

.582
.605
.604

-2,
1.
5.

APR
MAY
JUN

.619
.606
.650

12.
18.
23.

JUL
AUG
SEP

6.34
6.31
6.10

.645
.635
.627

26.
25.
20.

ocr
NOV
DEC

5.67
4.57
4.08

.627
.580
.561

14.
5.
0.

YRT

1927. 2011. 2047.

2035. 1978.

1873.

1725. 1542.

1345.



TABLE I (Continued)

AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.M./DAY),
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

DULUTH, MN

‘46 .83 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH: - KT TM WS
HOR 10 20 30 40 50 60 70 80 VERT

JAN 1,22 1.55 1.84 2.09 2.29 2.43 2.51 2.52 2.47 2.50 .415 -14., 5.
FEB 2.11 2.54 2.90 3.20 3.42 3.55 3.60 3.55 3.42 3.34 ,482 -11. 5.
MAR 3.26 3.66 3.97 4.19 4.31 4.33 4.25 4,06 3.78 '3.43 ,501 -5. 5.
APR 4.33 4.58 4.74 4.79 4.73 4.57 4.32 3.97 3.54 3.04 .487 3. 6. '
MAY 5.18 5.31 5.33 5.23 5.02 4,71 4.33 3.8 3.31 2.74 .487 10. 5.
JUN 5.57 5.63 5.57 5.40 5.12 4.74 4.30 3.77 3.19 2.60 .486 15. S.
JUL 5.85 5.95 5.92 5.78 5.50 5.12 4.65 4.10 3.47 2.84 .525 18. 4.
AUG 4.87 5.08 5.18 5.17 5.04 4.81 4.48 4.06 3.55 3.02 .503 17. 4,
SEP 3.45 3.76 3.98 4.12 4.16 4.11 3.96 3.72 3.41 3.05 .462 12, 5.

OCT 2.28 2.64 2
NOV 1.20 1.46 1
DEC .92 1.16 1

92 3,16 3.31 3.39 3.38 3.29 3.12 2.92 .442 1. 5.
68 1.87 2.01 2.10 2.15 2.14 2.07 2.03 .359 -2. 3.
38 1,56 1.71 1.82 1.88 1.89 1.85 1.85 .356 -10. 5.

YRT 1227. 1319. 1384. 1418. 1419, 1390. 1332. 1244, 1130. 1014.

EAGLE, CO

39.65 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH ET TM WS
HOR 10 20 30 40 50 60 70 80 VERT

JAN 2.38 2,96 3.46 3.88 4.20 4.41 4,50 4.48 4.34 4,15 .572 -8. 2.
. FEB 3.39 3.99 4.50 4.89 5.16 5.29 5.29 5.15 4.89 4.53 .612 -5. 2.
. . . 5.91 6. . . 4.45 .634 0. 3.

APR 6.09 6.41 6.57 6.5
MAY 7.11 7.23 1.1

8 6.43 6.13 5.69 5.12 4.43 3.69 .643 5. 3.
6.95 6.56 6.06 5.42 4.67 3.84 3.00 .656 11. 3.
.38 5 6.21 5.44 4.56 3.67 2.75 .690 16. 3.

JoL 7.52 7.57 7.45 7.15 6.68 6.11 5.40 4.58 3.73 2.83 .670 19. 2.
AUG 6.57 6.80 6.87 6.77 6.51 6.12 5.59 4.93 4,17 3.36 .650 17. 2.
SEP 5.57 6.05 6.39 6.57 6.59 6.44 6.14 5.68 5.09 4.39 .672 13. 2

OCT 4.12 4.76 5.29 5.68 5.92 6.02 5.96 5.74 5.38 4.91 .658 6. 2
NOV 2.74 3.36 3.90 4.34 4.66 4.87 4.95 4.90 4.72 4.55 .603 -2, 2
DEC 2.18 2.76 3.28 3.71 4.05 4.28 4.40 4.40 4.28 4.19 .575 -8. 2.

YRT 1837. 1981. 2078. 2124. 2118. 2066. 1963. 1814, 1627. 1422,
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CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (T, DEG C),
AND MONTHLY AVERAGE VIND SPEED (WS, M/S)

EL PASO, TX

31.80 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH

TABLE I (Comtinmumed)
AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),

HOR

20

30

40

50

60

10

80

e

JAN
FEB
MAR

.649
.692
.718

1.
9.
14.

(V3
« e o

APR
MAY
JUN

.748
.151
.147

18.
23,
28.

JUL
AUG
SEP

.692
.692
.693

28.
217.
24.

oCT
NOV
DEC

.702
.673
.635

18.
11.
7.

YRT

2187. 2322,

EL TORO, CA

2400. 2419. 2381.

33.67 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH

2133. 1934.

1694.

1430.

BOR

10

20

30

50

60

70

80

JAN
FEB
MAR

.578
.603
.621

12,
13.
13.

APR
MAY
JUN

.617
.598
.608

12,
16.
18.

JUL
AUG
SEP

.665
.656
.617

21.
21.
20.

oct
NOV
BEC

.601
.586
.57

18.
15.
13.

YRT

1871, 1986. 2054. 2072.

2044.

1969.

1848.

1686. 1490, 1272.



CLEARNESS NUMBER (KT), MBAN MONTHLY TEMPERATURE (TH, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, ¥/S)

TABLE I (Continued)
AVERAGE DAILY ARBRAY INSOLATION (EWH/SQ.M./DAY),

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

ELKO, NV

40.83 N LATITUDE

HOR 10 20

30

40

50

60

70

80

VERT

KT

™

Vs

3.57
4.76
5.82

.548
.608
.630

_40
-1.
2,

.638
.672
.697

6.
12.
17.

8.26 8.36 8.24
7.30 7.60 7.72
5.96 6.55 6.97

4.11
4.75
5.70

.7317
.726

.131

22,

20,

15.

4.17 4.86 5.44
2.56 3.16 3.69
1.95 2.47 2.94

6.16
4.44
3.64

6.24
4.74
3.97

5.68
4.54
3.88

.685
.590
.543

8.
2.
-4,

1874. 2024, 2126, 2175. 2170,

2117,

2012, 1859,

1666,

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

EVANSVILLE, IN

38.05 N LATITUDE

HOR 10 20

30

40

50

60

70

80

KT

Vs

JAN
FEB

1.81 2.14 2.42
2.59 2.94 3,22
3.63 3.93 4.15

.409
.447
.473

4.
4.
5'

APR
MAY

.493
.517
.546

JUL
AUG

.540
.537
.523

www
s o o

ocr
NOV
DEC

.528
.448
.387

b w
. .

1454. 1538. 1587.

1601. 1579.

. 1318. 1175. 1027.
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A-25

FAIRBANKS, AK

TABLE I (Contimued)
AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.H. /DAY),

AND MONTELY AVERAGE WIND SPEED (WS, M/S)

64.82 N LATITUDE
SURFACE TILT (DEGREES UP FROM EORIZONTAL)

CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TH, DEG C),

MONTH EI TM s

BOR 10 20 30 40 50 60 70 80 VERT
JAN .10 .22 .33 .44 .53 .61 .68 .72 .74 1.51 .331 -26. 1.
FEB .70 1.10 1.48 1.82 2.11 2.35 2.51 2.61 2.64 2.90 .491 -15. 2.
MAR 2.13 2.74 3.29 3.76 4.13 4.39 4.53 4.55 4.45 4.25 ,574 -13, 2,
APR 3.76 4.26 4.65 4.93 5.10 5.14 5.05 4.85 4.54 4.12 .545 -1. 3.
MAY 5.05 5.36 5.55 5.63 5.61 5.46 5.18 4.81 4.36 3.81 .519 9., 3.
JUN 5.52 5.70 5.79 5.76 5.64 5.41 5.06 4.64 4.14 3.57 .488 16. 3.
JUOL 4.86 5.06 S5.17 5.17 5.09 4.90 4.61 4.25 3.82 3,32 .456 17, 3.
AUG 3,52 3.81 4.02 4.15 4.19 4,13 3.98 3.75 3.45 3.10 .432 13, 3,
SEP 2.24 2.64 2.99 3.26 3.46 3.57 3.60 3.53 3.38 3,21 .453 7. 3.
ocT .92 1.27 1.58 1.86 2.08 2.26 2.37 2.42 2.41 2.53 .420 -4, 2,
NOV .23 .48 .71 .92 1.11 1,26 1.38 1.46 1.50 2.14 429 -16, 2.
DEC .02 .02 .02 .02 .02 .01 .01 .01 .01 .8 .06% -23. 1.
YRT 887. 996. 1084. 1149. 1189. 1202. 1186. 1144, 1077. 1073.
46.90 N LATITUDE

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH: ET T™ WS

HOR 10 20 30 40 50 60 70 80 VERT
JAN 1.31 1.67 2.00 2.28 2.51 2.67 2.76 2.78 2.73 2.80 .444 -15. 6.
FEB 2,22 2.68 3.08 3.40 3.64 3.79 3.85 3.80 3.66 3.62 .507 -11. 6.
MAR 3,43 3.8 4.21 4.46 4.60 4,63 4.54 4.35 4.05 3.73 .527 -4. 6.
APR 4.65 4.94 5.13 5.19 5.14 4.97 4.69 4.31 3.84 3.35 .524 6. 6.
MAY 5.78 5.94 5.98 5.88 5.64 5.29 4.85 4.31 3.69 3.06 .544 13. 6.
JUN 6.29 6.36 6.30 6.11 5.79 5.35 4.83 4.22 3.55 2.839 .549 19. 5.
JUL 6.68 6.82 6.80 6.63 6.31 5.87 5.32 4.67 3.92 3.20 .601. 22, 5.
AUG 5.75 6.04 6.19 6.19 6.05 5.77 5.38 4.8 4.25 3.59 .594 21. 5.
SEP 4.11 4.52 4.83 5.03 5.11 5.06 4.89 4.61 4.22 3,79 .551 14. 6.
OCT 2.75 3.24 3.65 3.97 4.19 4.31 4.33 4.23 4.03 3.79 .534 8. 6.
NOV 1.44 1.80 2.12 2.39 2.59 2.74 2.81 2.81 2.74 2.70 .433 -2. 6.
DEC 1.06 1.38 1.67 1.92 2.12 2.27 2.36 2.38 2.35 2.35 .414 -10. 6.
YRT 1386. 1502. 1583. 1628. 1635. 1605. 1540. 1440. 1308. 1182.



TABLE I (Continued)

AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.M./DAY}
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (T, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S) :

FORT SMITH, AR

35.33 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH KT THM WS
HOR 10 20 30 40 50 60 70 80 VERT

JAN 2.34 2.76 3.11 3.40 3.60 3,71 3.73 3.65 3.49 3.34 .480 3. 4.
FEB 3.14 3.56 3.89 4.13 4.27 4.31 4.25 4.08 3.82 3.53 .506 6. 4.
MAR 4.13 4.46 4.69 4.82 4.83 4.72 4.52 4.20 3.80 3.38 .517 10. 4.

APR 5.09 5.27 5.32 5.26 5.09 4.80 4.41 3,93 3.38 2.82 .522 16. 4.
MAY 6.03 6.06 5.96 5.72 5.37 4.92 4.37 3.73 3.07 2.43 .553 21. 3.
JUN 6.59 6.54 6.34 6.00 5.54 5.00 4.34 3.64 2.92 2.24 .578 25. 3.

JUL 6.51 6.49 6.33 6.03 5.60 5.08 4.45 3.75 3.03 2.33 .581 27. 3.
AUG 5.92 6.05 6.04 5.90 5.63 5.24 4.73 4.13 3.45 2.78 .575 27. 3.
SEP 4.73 5.02 5.20 5.26 5.20 5.02 4.72 4.32 3.83 3.28 .543 23. 3.

OCT 3.79 4.23 4.57 4.81 4,93 4.93 4.81 4.58 4.24 3.83 .550 16. 3
NOV 2.68 3.13 3.51 3.80 4.01 4.11 4.11 4,01 3.81 3.5 .511 10. 3
DEC 2.15 2.57 2.93 3.22 3.44 3.56 3.60 3.55 3.41 3.23 .475 5. 4

YRT 1618, 1710. 1763. 1776. 1750. 1685. 1583. 1447. 1284. 1117.

FRESNO, CA

36.77 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH KT TH WS
HOR 10 20 30 40 50 60 70 80 VERT

JAN 2.07 2.44 2.76 3.02 3.20 3.31 3.33 3.27 3.13 2.96 .446 7.
FEB 3.18 3.64 4.02 4.29 4.47 4.53 4.49 4.33 4.07 3.74 .532 10,
MAR 4.94 5.42 5.717 5.99 6.05 5.97 5.74 5.37 4.87 4.29 .631 12,

wwN
. .

APR 6.59 6.90 7.04 7.00 6.80 6.44 5.93 5.28 4.51 3.68 .682 15. 3
MAY 7.83 7.91 7.81 17.51 7.04 6.44 5.69 4.81 3.88 2,95 ,719 20. 4
. . . 7.24 6.48 5.58 4.58 3.57 2.60 .754 24, 4

JUL 8.47 8.48 8.29 17.89 17.31 6.60 5.74 4.74 3.76 2.15 .755 27. 3.
AUG 7.64 7.88 7.93 7.77 7.43 6.93 6.25 5.43 4.49 3.53 .746 26. 3.
SEP 6.26 6.77 7.12 7.28 17.27 17.06 6.68 6.13 5.44 4.64 .729 23. 3.
OCT 4.51 5.15 5.66 6.03 6.25 6.31 6.21 5.94 5.53 5.01 .675 17. 2.
NOV 2.80 3.33 3.78 4.15 4.40 4.55 4.58 4.49 4.29 4.17 .558 11. 2.
DEC 1.81 2.16 2.46 2.71 2.89 2.99 3.03 2.99 2.88 2.88 .423 7. 2,

YRT 1972. 2092. 2161. 2178. 2142, 2058. 1924. 1745. 1533. 1313,
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A-27

GRAND JUNCTION, CO

39.12 N LATITUDE
SURFACE TILT (DEGREES UP FROM RORIZONTAL)

TABLE I (Comtimued)
AVERAGE DAILY ARRAY INSOLATION (EwWH/SQ.K./DAY),

10

20

30

40

50

60

70

80

CLEARNESS NUMBER (KT), MEAN WONTHLY TEMPERATURE (TH, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, ¥/S)

JAN
FEB

4.67
5.33
5.62

.587
.626
.650

APR
MAY

5.22
4.85
4.63

.658
.691
.715

22.

AUG
SEFP

4.66
5.12
5.87

.693
.679
.693

26,
24,
19,

ocT
NOV
DEC

5.42
4.13
3.4

5.82
4.59
3.93

6.07
4.94
4.28

0.16
5.16
4.53

6.09
5.24
4.65

5.87
5.18
4.65

5.49
4.99
4.52

.668
.625
595

12.
4.
-2,

GRAND RAPIDS, MI

1911,

2061, 2160, 2207.

42.90 N LATITUDE

2199. 2143, 2033.

1875. 1678.

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

20

30

40

50

60

70

80

JAN
FEB

.322
.406
.454

-4.
-4,
0.

APR
MAY

2.70

.483
.514
.538

8.
14,
20.

AUG
SEP

.539
.532
.502

22.
21.
17.

L
. L] .

oCT
NOV
DEC

3.61
2.03
1.43

3.63
z.21
1.59

3.18
2.11
1.56

.468
.351
.302

11.
40
-2.

4.
5.
5.

. 1434. 1450.

1433. 1387. 1311.

1207. 1080.

958.



TABLE I (Continued)

AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

GUANTANAMO BAY, CU

19.90 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH - ET THM WS
HOR 10 20 30 40 50 60 70 80 VERT

JAN 4.42 4.96 5.37 5.66 5.80 5.80 5.66 5.38 4.97 4.49 .603 23. 3.
FEB 5.20 5.66 5.98 6.15 6.18 6,05 5.78 5.37 4.83 4.24 .624 24. 3.
* MAR 6.07 6.35 6.47 6.44 6.26 5.92 5.45 4.86 4.16 3.43 .642 25. 4.

APR 6.68 6.70 6.57 6.29 5.8 5.30 4,62 3.85 3.03 2.23 .646 26. 4.
MAY 6.42 6.26 5.96 5.54 5.00 4.35 3.64 2,90 2.17 1.65 .599 27. 3.
JUN 6.18 5.95 5.59 5.12 4,55 3.89 3.21 2.50 1.88 1.63 .571 28. 3.

1 4,21 3.48 2,71 2.00 1.63 .608 28. 3.
AUG 6.31 6.25 6.05 5.71 5.25 4.68 4,01 3.28 2.53 1.8 .599 28. 3.
. . . .52 5.14 4.65 4.06 3.39 2.70 .584 28. 3.

OCT 5.00 5.33 5.53 5.61 5.55 5.36 5.05 4.63 4.10 3.54 .569 27. 3.
NOV 4,52 5,00 5.38 5.62 5.72 5.69 5.51 5,21 4.78 4.28 .592 26. 3.
DEC 4.14 4,67 5.09 5.39 5.56 5.59 5.48 5.23 4.86 4.42 .387 25. 3.

YET 2046. 2110. 2125. 2092. 2011, 1883, 1718, 1518. 1296. 1095,

GULKANA, AK

62.15 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH ET THM VWS
HOR 10 20 30 40 50 60 70 80  VERT

JAN .23 .43 .62 .79 .94 1.07 1.17 1.23 1.26 2.94 .380 -23. 2
. FEB .% 1.32 1.71 2.05 2.34 2.56 2.72 2,80 2.80 2.94 .488 -16. 2.
MAR 2.39 3.00 3.53 3.98 4.32 4.55 4.66 4.65 4.52 4.31 .575 -10. 3

. APR 4.11 4.61 5.01 5.28 5.43 5.44 5.32 5.08 4.72 4.28 .568 0. 4.
MAY 5.09 5.37 5.54 5.60 5.54 5.36 5.06 4.68 4.21 3.67 .515 1. 4,
JON 5.54 5.71 5.78 5.73 5.59 5.33 4.96 4.53 4.01 3.43 .491 13. 4,

JUL 5.08 5.28 5.38 5.37 5.26 5.05 4.72 4.33 3.86 3.32 .475 14, 4,
AUG 3.94 4.26 4.48 4.61 4.63 4.55 4.36 4.10 3.74 3.36 .469 12. 4.
SEP 2.51 2.92 3.27 3.54 3.72 3.82 3.8 3.73 3.55 3.35 .468 6. 3.

0OCT 1.23 1.64 2.02 2.35 2.61 2.81 2.93 2.98 2.94 3.05 .466 -3. 3,
NOV .37 .62 .86 1.08 1.26 1.42 1,53 1.60 1.63 1.96 .406 -14. 2.
DEC .09 .16 .22 .27 .32 .36 .40 .42 .43 .19 .259 -20. 2.

YRT 961. 1077. 1171. 1238. 1278, 1288, 1268. 1220. 1145, 1138.
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A-29

HILO, HX

19.72 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH:

TABLE I (Continumed)
AVERAGE DATLY ARRAY INSOLATION (EWHE/SQ.M./DAY),

CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE VWIND SPEED (WS, M/S)

10

20

30

40 50

60

70 80

JAN
FEB
MAR

479
.470
.448

21.
21.
21.

APR
MAY

.437
-457
.483

22.
23.
23.

475
-4717
.495

24,
24.
24.

4.54
4.16
4.08

.492
.455
.454

24.
23.
22.

1594.

HOMER, AK

1634. 1639. 1609.

59.63 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH:

1545. 1448.

1325,

1178. 1015.

HOR

20

30

40 50

60

70 80

JAN
FEB
MAR

.409
.464
.524

-7.
-4.
-3.

APR
MAY
JUN

4.95
5.31
5.49

.522
.498
.489

2.

10.

JOL
AUG
SEP

5.14
4.26
3.50

4.16
3.70
3.42

.467

.435

.433

12.
12.
9.

ocCT
NOV
DEC

2.12
1.15
.47

2.42
1.42
.59

2.84
1.82
.78

2.66
1.64
.69

2.93
1.94
.84

2.96
2.02
.88

2.90
2.04
.90

.450
.436
.316

3.
-2.

YRT 966.

1076.

1162. 1223.

1257. 1261. 1236.

1186. 1109.

1072.



'TABLE I (Continued)
AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),

CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

HONOLULU, HI

21.33 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
HONTH KT T™M WS
HOR 10 20 30 40 50 60 70 80  VERT

JAN 3.72 4.14 4.47 4.69 4.81 4.80 4.69 4.46 4.13 3.77 .522 22. 4.
FEB 4.41 4.77 5.03 5.17 5.19 5.09 4.8 4.53 4.10 3.64 .540 22. 5.
MAR 5.11 5.33 5.43 5.41 5.26 5.00 4.62 4.15 3.59 3.03 .546 23. 5.

APR 5.66 5.69 5.59 5.38 5.04 4,60 4,06 3.45 2.78 2.16 .548 24. 5.
HAY 6.15 6,01 5.75 5.36 4.87 4.27 3.61 2,92 2,22 1.69 .571 25. 5.
JUON 6.32 6.10 5.74 5.28 4.71 4.04 3.35 2.62 1,96 1.66 .580 25. 6.

JUL 6.31 6,13 5.80 5.37 4.82 4.17 3.48 2.76 2,08 1.65 .581 26. 6.
AUG 6.20 6,15 5.97 5.66 5.23 4.68 4.04 3.33 2.61 1.95 .588 26. 6.
SEP 5.70 5.87 5.89 5.79 5.55 5.18 4.71 4,13 3.47 2.80 .584 26. 5.

OCT 4.86 5.20 5.41 5.50 5.46 5.30 5.01 4.60 4,10 3,57 .563 26. 5.
NOV 3.99 4.42 4.74 4.95 5,05 5,02 4.88 4.62 4.25 3.84 ,538 24. 5,
DEC 3.57 4.01 4.36 4.61 4.74 4.77 4.68 4.47 4,16 3.82 ,523 23. 5,

YRT 1887. 1942, 1953. 1922. 1847, 1731. 1580. 1399. 1198. 1020.

INDIANAPOLIS, IN

39.73 N LATITUDE
SURFACE TILT (DEGREES UP FROM BORIZONTAL)
MONTH KT T WS
HOR 10 20 30 40 50 60 70 80  VERT

JAN 1.56 1.85 2.09 2.28 2.43 2.51 2.53 2.50 2.40 2.43 .377 -3. 5.
. FEB 2.35 2.67 2.94 3.14 3,26 3.31 3,28 3,18 3.00 2.81 .425 -1, 5.
MAR 3.27 3.55 3.75 3.87 3.90 3.84 3,70 3.48 3.18 2.88 .438 4. 5.

' APR 4.40 4.58 4.66 4.64 4.52 4.31 4,00 3.61 3.16 2.71 .465 11. 5.
MAY 5.32 5.39 5.34 5.17 4.90 4.54 4.10 3.57 3.00 2.46 .491 17. 4.
JUON 5.89 5.89 5.76 5.51 5.15 4.71 4.18 3.57 2.96 2.36 .514 22. 4.

JUL 5.69 5.72 5.63 5.41 5,08 4.68 4.18 3.60 3.00 2.41 .508 24. 3.
AUG 5.18 5.33 5.36 5.28 5.07 4.77 4.37 3.89 3.32 2.77 .513 23. 3.
SEP 4.17 4.47 4.66 4.75 4.73 4.61 4.38 4,05 3.64 3.20 .504 19. 4.
OCT 3.08 3.47 3.78 4.01 4.14 4.17 4.10 3.93 3.67 3.39 .493 13. 4.
NOV 1.83 2.14 2.41 2.62 2.77 2.8 2.87 2.82 2.70 2.66 .403 5. 5.
DEC 1.31 1.56 1.77 1.94 2.06 2.14 2,17 2.14 2.07 2.09 .348 0. 5.

YRT 1343, 1420. 1466. 1480. 1461, 1413. 1334. 1227. 1098. 977.

A-30




TABLE I (Continuod)

AVERAGE DAILY ARRAY INSOLATION (I'B/SQ.I /DAI).
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TN, DEG C),
. AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

KANSAS CITY, MO

39.12 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

A-31

20

30

40

50

60

70

80

JAN

.480
500
.503

-20
1.

APR
MAY

«522
544
572

14.
19.
24.

AUG
SEP

4.07
4.317
4.46

.591
579
.549

27.
26.
21,

NOV
DEC

4.27
3.16
2.51

4.74
3.83
3.16

4.47
3.81
3.20

3.08

.543
.502
.456

15,
7.
1.

o~ b LR

1645. 1709. 1733,

KINGSVILLE, TX

27.52 N LATITUDE

MONTH:

1718. 1667.

. 1453.

1301.

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

1151.

HOR

10

20

30

40

50

60

70

80

JAN
FEB
MAR

.467
.498
.513

14,
15,
19.

APR
MAY
JUN

.516
.539
.573

23,
25,
28.

JUL
AUG
SEP

1.90
2.30
2.9

.601
.57
.546

29.
29.
27.

NOV
DEC

5.04
3.98
3.35

3.70
3.52
3.18

.554
.502
.459

23,
18.
'14 .

. 1819. 1804.

. 1657.

1528,

1372, 1191. 1017.



TABLE I (Continmued)
AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),
CLEABNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

KOROR IS, PI

7.33 N LATYTUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH KT TH WS
HOR 10 20 30 40 50 60 70 80  VERT

JAN 4,41 4.69 4.87 4.95 4.91 4.76 4.51 4.15 3.72 3.25 .486 27. 3,
. FEB 4.92 5.12 5.22 5.19 5,06 4.81 4.45 4.01 3.48 2.94 .509 27. 4.
MAR 5.13 5.19 5.13 4.96 4.69 4.31 3.8 3.32 2.73 2.15 .50§5 27. 3.
APR 5.33 5.21 4.98 4.65 4.22 3,70 3,12 2.51 1.88 1.53 .518 27. 3.
MAY 4.94 4.71 4.39 3.98 3.49 2,96 2,40 1.8 1,52 1.48 .491 27. 3

JUN 4,59 4.33 3.99 3,57 3.09 2.58 2.07 1.62 1.46 1.43 .464 27. 2

JUL 4.54 4.32 4,00 3.60 3,14 2.66 2.14 1.68 1.46 1.43 .456 27. 3.
AUG 4.67 4.52 4.28 3.96 3.55 3,08 2.58 2.06 1.58 1.46 .458 27. 3.
SEP 4.80 4.79 4.67 4.46 4.15 3,77 3.31 2.79 2.23 1.70 .470 27, 3.
OCT 4.75 4.88 -4.91 4.84 4.66 4,37 4.00 3,55 3.04 2.52 .481 27. 3.
NOV 4.57 4.83 4.99 5.04 4.98 4.80 4.52 4.14 3.67 3.19 .495 27. 3.
DEC 4.22 4.52 4.72 4.82 4.80 4.68 4.45 4.13 3.72 3.28 .476 27, 3,

YRT 1729. 1736. 1707. 1641, 1541. 1412. 1257. 1087. 925. 801.

EWAJALEIN IS, PI

8.72 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH ET T™ WS
HOR 10 20 30 40 50 60 70 80  VERT

JAN 4.97 5.34 5.60 5.72 5.71 5.57 5.29 4.90 4.39 3,84 .558 27, 8.
. FEB §.53 5.81 5.95 5.96 5.82 5.56 5.16 4.65 4.05 3.41 .580 27. 8.
MAR 5.66 5.74 5.70 5.53 5.23 4.82 4.31 3.11 3,04 2,38 .560 27. 7.

* APR 5.48 5.38 5.15 4.82 4,38 3.8 3.26 2.63 1.98 1,54 .531 27. 1.
MAY 5.12 4.90 4.58 4.16 3.66 3.11 2,53 1,97 1.54 1.51 .504 28. 7.
JUN 5.07 4.79 4.41 3.94 3.40 2.84 2,25 1.74 1.52 1.49 .507 28. 6.

JUL 5.07 4.82 4.46 4.02 3,49 2,94 2,35 1.82 1.53 1.50 .503 28. 5.
AUG 5.31 5.15 4.88 4.51 4,04 3.49 2.90 2.29 1.71 1.53 .518 28. 4.
SEP 5.08 5.08 4.97 4.76 4.44 4.03 3.55 3.00 2.40 1.83 .498 28. 4.
OCT 4.81 4.96 5.01 4.94 4.77 4.50 4,13 3.68 3.16 2.63 .492 28. 5.
NOV 4.60 4.89 5.07 5.14 5.09 4.92 4.65 4.27 3.81 3.21 .507 28. 6,
DEC 4.58 4.95 5.20 5.34 5.35 5.24 5.01 4.66 4.21 3.72 ,527 27. 8.

YRT 1863. 1879. 1853. 1787. 1682, 1545. 1378. 1193. 1011. 871.
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A-33

CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE VWIND SPEED (WS, M/S)

LA CROSSE, WI

43.87 N LATITUDE
SURFACE TILT (DEGREES UP FROM RORIZONTAL)

TABLE I (Contimmed)
AVERAGE DATLY ARRAY INSOLATION (KWH/SQ.M./DAY),

MONTH ET TM WS
HOR 10 20 30 40 50 60 70 80 VERT
JAN 1.52 1.89 2.22 2.49 2.70 2.85 2.92 2,92 2.84 3.04 .440 -9, 4.
FEB 2.41 2.84 3.20 3.49 3.70 3,81 3.83 3.75 3.58 3.37 .494 -6. 3.
MAR 3.47 3.85 4.14 4.33 4.42 4.41 4.30 4.08 3.77 3.43 .501 -1. 4,
APR 4,50 4.73 4.86 4.88 4.80 4.61 4.32 3.94 3.49 3.01 .492 8. 5.
MAY 5.40 5.51 5.50 5.37 5.13 4.79 4.36 3.85 3.27 2.71 .503 15. 4.
JUON 6.01 6.04 5.96 5.75 5.41 4,98 4.47 3.87 3.24 2.62 .524 20. 4.
JUL 5.99 6.07 6.02 5.83 5.52 5,11 4,61 4,02 3.37 2.75 .536 22. 3.
AUG 5.25 5,46 5.54 5,50 5,33 5,06 4.68 4.20 3.64 3.07 .5%2 21. 3.
SEP 3.91 4.24 4.47 4.59 4.62 4.53 4.35 4.06 3.69 3.30 .500 16. 4.
ocT 2.72 3.12 3.45 3.69 3.85 3.92 3.89 3.77 3.55 3.32 .484 190. 4.
NOV 1.56 1.88 2,16 2.39 2.5 2.67 2.72 2.70 2.61 2,58 .405 2. 4.
DEC 1.16 1.44 1.69 1,90 2.06 2.17 2.23 2,24 2.18 2.20 .379 -6. 4.
YRT 1338, 1433, 1498, 1529. 1524, 1488. 1419, 131%, 1192, 1075,
LAKE CHARLES, LA
30.12 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH: ET TH WS
HOR 10 20 30 40 50 60 70 80  VERT
JAN 2,29 2.59 2.8 3,00 3.11 3.14 3.10 3.00 2.82 2.65 .400 11. 4.
FEB 3.18 3.51 3,76 3.92 3.99 3.97 3.8 3.66 3.38 3.10 .456 12. 5.
MAR 4.14 4,39 4.55 4.60 4.55 4.40 4.16 3.82 3.41 2.99 .484 16. 5.
APR 4.95 5.06 5.06 4.94 4.73 4.41 4.01 3.53 2.98 2.45 .493 20. §.
MAY 5.83 5.81 5.65 5.37 5.00 4.52 3.95 3.33 2.69 2.11 .534 24. 4.
JUN 6.21 6.10 5.86 5.48 5.03 4.47 3.82 3.16 2.48 1.93 .551 26. 3.
JUL 5.63 5.57 5.38 5.08 4.69 4.21 3.66 2,07 2.46 1.94 .506 27. 3.
AUG 5.23 5.28 5.21 5.03 4.76 4.38 3.92 3.38 2.80 2.27 .500 27. 3.
SEP 4.68 4.89 5.00 4.99 4.87 4.64 4.32 3,90 3.40 2.90 .510 25. 3.
OCT 4.12 4.51 4.80 4.97 5.03 4.97 4.80 4.51 4.11 3.69 .542 20, 3.
NOV 2.88 3.26 3.57 3.79 3.3 3.97 3.92 3.77 3.53 3.28 .474 15. 4.
DEC 2.22 2.54 2.80 3.00 3.13 3.19 3.17 3.08 2.92 2.75 .412 12. 4.
YRT 1564. 1628. 1657. 1649. 1607. 1530. 1419. 1283. 1124. 974.



TABLE I (Continued)

AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),
CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

LIHUE KAUAI, HI

21.98 N LALITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH KT T™ WS
BHOR 10 20 30 40 50 60 70 80 VERT

JAN 3.48 3.87 4.17 4.37 4.48 4.47 4,37 4.16 3.85 3.52 .495 22. 3.
FEB 4.10 4.43 4.67 4.79 4.81 4,71 4.51 4.21 3.81 3.40 .507 22. 5.
MAR 4.65 4.84 4.93 4,91 4.78 4.54 4.21 3.79 3.30 2.81 .500 22. 5.
APR 5.17 5.20 5.12 4.93 4.64 4.25 3,77 3.23 2.64 2.09 .501 23. 6.
MAY 5.75 5.64 5.40 5.06 4.61 4.07 3.46 2.84 2.20 1.70 .533 24. 5,
JUN 5.89 5.70 5.39 4.97 4.46 3.8 3.24 2.57 1.97 1.65 .538 25. 6.
JUL 5.87 5.71 5.43 5.04 4.55 3.97 3.34 2.69 2.06 1.64 .539 25, 6.
AUG 5.73 5.70 5.54 5.27 4.88 4,39 3.82 3.18 2.52 1.93 .544 26. 6.
SEP 5.49 5.65 5.68 5.59 5.36 5.02 4.57 4.02 3.39 2.76 .564 26. 5.
OCT 4.57 4.89 5.09 5.17 5.14 4.98 4.72 4,34 3.88 3.39 .534 25, 5.
NOV 3.64 4,01 4.29 4.48 4.56 4.53 4.40 4.16 3.83 3.48 .497 24. 5.

DEC 3.32 3.72 4.04 4.26 4.39 4.41 4.32 4.14 3.85 3.54 .494 22, §

YRT 1755, 1806. 1818. 1790. 1723. 1618. 1481, 1317. 1133. 970.

LOVELOCE, NV

40.07 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MHONTR: ET 1TM WS

HOR 10 20 30 40 50 60 70 80 VERT
JAN 2.54 3.20 3.78 4.27 4.64 4.89 5,02 5,00 4,86 4.74 .620 -1, 2.
FEB 3.67 4.37 4.96 5.43 5.75 5.93 5.95 5.81 5,52 5.15 .670 2, 3.
MAR 5.23 5.85 6.33 6.66 6.81 6.79 6.59 6,22 5.70 5.10 .,704 5, 3,
APR 6.83 7.22 7.44 7.47 7.32 6.99 6.49 5.84 5.05 4,20 .723 9. 4.
MAY 8.05 8.21 8.17 7.92 7.47 6.90 6.15 5.27 4.30 3.34 .744 15. 4.
JUN 8.66 8.68 8.50 8.10 7.51 6.80 5.94 4,94 3.94 2.93 .756 16. 4.

JUL 8.77 8.86 8.72 8.37 7.82 7.13 6.28 5.28 4.25 3.20 .782 25. 3.
AUG 7.83 8.16 8.27 8.18 7.88 7.41 6.76 5.95 5.00 4.01 .776 23. 3.
SEP 6.39 7.01 7.46 7.71 17.77 7.62 7.28 6.75 6.05 5.25 .775 18. 3.

OCT 4.57 5.36 6.01 6.50 6.83 6.97 6.93 6.70 6.29 5.77 .738 11. 3.
NOV 2.93 3.65 4.27 4.79 5.18 5.43 5.54 5.50 5.31 5.16 .655 3. 2.
DEC 2.25 2.89 3.45 3.93 4.31 4.56 4.70 4.71 4.60 4.54 .606 -1_ 2.

YRT 2064. 2238. 2356. 2415, 2413. 2356, 2239. 2067. 1850. 1623.
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A-35

MEMPHIS, TN

35.05 N LATITUDE
SURFACE TILT (DEGREES UP FROM EORIZONTAL)

MONTH

TABLE I (Continued)
AVERAGE DATLY ARRAY INSOLATION (EWH/SQ.M./DAY),

10

20

30

40

50

60

70

80

CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

JAN
FEB
MAR

.436
.476
.502

5.
7.
i1.

APT
MAY
JON

5.16
5.94
6.44

.528
.545
.565

17.
22.
26.

JUL
AUG
SEP

6.22
5.75
4.63

4.26
4.58
4.59

.555
.558
.530

217.
26.
23.

ocT
Nov
DEC

3.80
2.57
1.98

4.80
3.86
3.21

.549
.486
<434

17.
11,
6.

YRT

1573, 1658.

MERIDIAN, MS

1705. 1713. 1684.

32.33 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

HONTH:

1619.

1518. 1385, 1226,

HOR

20

30

40

50

60

80

VERT

JAN
FEB
MAR

2.34
3.19
4.18

2.98
3.84
4.66

2.92
3,28
3.16

<436
.479
.503

10.
14.

APR
MAY
JUN

5.24
5.86
6.18

.527
.537
.546

1y,
22.
26.

JuL
AUG
SEP

5.74
5.49
4.58

.514
.527
.510

27.
26.
24.

(S S
e ¢ o

0CT
NOV
DEC

544
492
.438

18.
12.
9.

wwNn

YET

1577. 1653.

1693. 1694. 1659,

1589.

1483. 1348. 1188. 1027.



TABLE I (Continued)
AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.M./DAY),

CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (TH.”DEG’C).
AND MONTHLY AVERAGE WIND SPEED (WS, M/8S)

MILES CITY, MT

46.43 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL) o '
MONTH KT TH WS
HOR 10 20 30 40 50 60 70 80 VERT o

JAN 1.44 1.8 2.23 2.54 2.80 2.98 3,08 3 3.04 2.96 .478 -10. 4,
FER 2.34 2.84 3.26 3.61 3,87 4,02 4.08 4,03 3.88 3.67 .527 -5. 4.
MAR 3.74 4.23 4.62 4,91 5,07 5.11 5.02 4.80 4.48 4.08 .56% 0, S.

.50 4,00 3.46 .545 1. 5.
.43 3.77 3.13 .561 14, 5.
.49 3.75 3,04 .590 19. 5.

APR 4.86 5.17 5.36 5.43 5.37 5.19 4.90 4
MAY 5.97 6,14 6.17 6.06 5.82 5.45 4.99 4
JUON 6.76 6.84 6.77 6.57 6.21 5.73 5.16 4
4
5
5

99 4,16 3.38 .649 24. 4.
.27 4,58 3.86 .642 23. 4.
17 4.73 4.24 ,605 15. 4.

JuL. 7.23 17.37 17.36 17.17 6.82 6.32 5.72
AUG 6.23 6.55 6.72 6.73 6.58 6.27 5.84
SEP 4.55 5.03 5.39 5.63 5.72 5.67 5.49

OCT 3.02 3.58 4.05 4.42 4.68 4.82 4.84 4.73 4.50 4,23 .5719 9. 4.
NOV 1.74 2.21 2.63 2.98 3,25 3.45 3.55 3.56 3.48 3.42 .510 0. 4.
DEC 1,26 1.66 2.03 2.34 2.60 2.78 2.90 2.93 2.89 2.89 .476 -5, 4.

YRT 1499. 1630, 1725. 1778. 1790, 1760, 1691, 1582, 1438, 1288,

MISSOULA, MT

46,92 N LATITUDE

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH: KT TM VWS
HOR 10 20 30 40 50 60 70 80 VERT

JAN .98 1.20 1.39 1.55 1.68 1.76 1.80 1.80 1.76 1.78 .334 -5. 2.
FEB 1.80 2.13 2.41 2.64 2,80 2,90 2,92 2.88 2.76 2,69 .413 -2, 3.
MAR 3.10 3.46 3.75 3.95 4.06 4.08 3,99:r3.82 3.56 3.28 .476 1, 3.

APR 4.36 4.62 4.78 4.83 4.17 4.61 4.36 3.57 3.13 .491 6. 3
MAY 5.62 5.77 5.80 5.70 5.47 5.i4 4.71 4.19 3,59 2.99 .529 11, 3,
JUN 6.09 6.16 6.10 5.92 5.61 5.19 4.69 3.45 2.83 .532 15. 3

JUL 7.34 7.49 7.48 17.30 6.95 6.45 5.84 4
AUG 5.92 6.23 6.39 6.39 6.25 5.97 5.56 5.03 4.
SEP 4.28 4.72 5.06 5.27 5.36 5.32 5.15 4

6 3.46 .659 20, 3
8 3.71 .612 19. 3,
4 4,00 .574 13. 3

OCT 2.56 2.99 3.35 3.63 3.82 3.92 3.92 3.83 3.64 3.42 .497 6. 2.
NOV 1.29 1.59 1.85 2.07 2.24 2.36 2.41 2.41 2.34 2.33 .389 0. 2.
DEC .84 1.05 1.23 1.39 1.51 1.60 1.64 1.65 1.62 1.65 .329 -4. 2.

IRT 1348. 1446. 1512, 1544. 1540. 1501. 1432, 1330. 1199. 1074.
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TABLE I (Contimnmed)

AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.M./DAY),
CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

NAENEK, AK

58.68 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

A-37

10

20

30

40

50

60

70

80 VERT

o0 ~3 o

awe
ERR

.431
492
.534

-12.
-10 .
-7 .

gvo-h oo
© & oNN

D =3 N N 63 O\

N w

[ OGO I G N
[ ]

e inge®

ehh]|AE

www
.
~38

.497
464
.429

w W Lk LR N
L2

W W
O &~y

th & W
N
.

th
th N o

.377
.417

NOV
DEC

1.49

.28

1.91
.98
.49

2.59
1.59
.87

2.84
1.83
1.03

3.o1
2.02
1.15

3.1
2.16
1.25

3.06 3
2.26 2.60
1.33 1

463
454
.376

-11 .

915.

NOME, AK .

64.50 N LATITUDE

MONTH

1023. 1109.

1171. 1207.

1215,

1195. 1151,

1080. 1033.

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

10

20

30

40

50

60

70

80 VERT

ET

™

JAN
FEB

.09
.70
1.99

.18
1.09
2.53

.26
1.46
3.00

.41
2.07
3.72

.47
2 .29
3.94

.51
2.45
4.05

.54
2.54
4.06

.286
.478
.529

-15.
-16 .
-14 .

APR
MAY

3.74
4.96
5.53

4.22
5.25
5.1

4.60
5.43
5.79

5.03
5.48
5.64

5.06
5.32
5.40

4.97
5.05
5.05

4.77
4.69
4.63

.538
.508
.489

-8.
2.
8.

JUL
AlG
SEP

4.46
3.13
2.41

4.63
3.36

2.85

4.72
3.52
3.23

4.63
3.63
3.76

4.45
3.57
3.88

4.18
3.43
3.91

3.46 3.01
2.97 2.66
3.68 3.48

.418

.382
.482

10.
10.
6.

oCcT

- Nov

DEC

.96
.20
.02

1.32
.37
.02

1.64
.53
.02

1.93
.67
.02

2.17
.80
.02

2.34
.91
.02

2.46
.99
.02

2,50 2.61
1,06 1.73
.01 .86

.428
.346
.054

-2o
-9o
-15.

860.

961. 1042.

1101. 1136.

1145.

1127. 1085.

1020. 1018,



CLEARNESS NUMBER ‘KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

TABLE I (Continmed)
AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),

SURFACE TILT (DEGREES UP FROM EORIZONTAL)

NORFOLK, VA

36.90 N LATITUDE

HEOR 10 20

30

40

50

60

70

80

VERT

KT

™

s

JAN
FEB

[ 5]

el

w
o wN
L] L]

W W
0 wWh
w
(-
-,

& bW
e o @
NO
= O 0

L] -
WO
[ -

.463
.491
.517

APR
MAY

t
o
W
AW
[od -~
888
th
o
-

0w o
[N

8
0 O v

.547

. 546
.552

23,

AUG
SEP

5.72
5.43
4.85

o> o

5.47
5.31
4.91

5.11
5.08
4.87

thow

.521
0518
+513

25.
25,
22.

NOV
DEC

4.13
3.40
2.72

w

.

o

N
Nww &
-3 =N SN

w o

4.35
3.
3.01

4.46
3.93
3.22

wa s L & b

wo e B -
B th 3 =

[-X"} & W =

w o h L % L3R 3 - hw
A ~2

.
£
(-]

.513
.512
.462

16,
11.
6.

1326. 1618, 1674. 1692.

1672. 1617.

1525, 1400.

1250.

SURFACE TILT (DEGREES UP FROM EORIZONTAL)

1104.

OAKLAND, CA

37.73 N LATITUDE

HOR 10 20

30

40

50

60

70

80

KT

™

WS

3.60
4.23
4.57

.497
.548
.596

9.
11.
12,

3.
3-
4.

4.23
3.62
3.34

.631
.641
.648

13.
14,
16.

4.
50
4.

4.31
4.70
5.22

3.4¢
3.94
4.65

2.65
3.17
4.01

.653
.634
.632

17.
17.
17.

4.
4.
4.

DEC

3.82 4.33 4.74
2.59 3.09 3.51
2.04 2,50 2.89

5.03
3.85
3.21

5.20
4.10
3.46

5.24
4.24
3.62

4.93
4.20
3.65

4.59
4.01
3.53

4.18
3.89
3.48

.584
.534
+496

16.
13,
9.

3.
3.
3.

1769. 1885. 1956. 1981.

1959. 1894.

1785. 1635,

1453. 1266.
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CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (1M, DEG C).
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

ORLANDO, FL
28.55 N LATITUDE

TABLE I (Comtimmed) ,
AVERAGE DATLY ARRAY INSOLATION (KWH/SQ.M./DAY),

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

EOR 10 20

30

40

50

60

70

80

4.24
4.89
5.58

4.45
4.84
5.02

.524
544
572

15.
16.
18.

4.75
4.11
3.53

.592
<575
.514

22.
25.
26.

JUL 5.68 5.60 5.39
AUG §5.28 5.31 5.23
SEP 4.71 4.91 5.00

4.17
4.35
4.60

3.60
3.88
4.26

0511
.503
.507

27.
27.
26.

OCT 4.12 4.48 4.74
NOV 3.45 3.93 4.31
DEC 2.91 3.37 3.75

4.85
4.81
4.33

4.66
4.75
4.31

4.36
4.56
4.19

3.51
3.91
3.67

.529
546
.516

23.
19.
16'

YET 1711. 1791. 1829. 1827,

PENDLETON, OR

45.68 N LATITUDE

1786. 1704.

1584.

1435.

1258,

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

10717.

HOR 10 20

30

40

50

60

70

g0

JAN 1.09 1,33 1.53
FEB 1.93 2.27 2.5§

.346
.422
.493

APR 4.74 5.02 5.19
MAY 6.07 6.23 6.25

.527
.569
.590

19,

AUG 6.29 6.60 6.76
SEP 4.73 5.23 5.60

.677
.644
.622

DEC .92 1,14 1.33

.535
.391
,334

YRT 1453. 1557. 1626. 1657.

1649. 160S5.

1526.

1412,

1268.

1118,



TABLE I (Continued)
AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.M./DAY),

CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

PHILADELPHIA, PA

. 39.88 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
HONTH- ET TM VWS
HOR 10 20 30 40 50 60 70 80  VERT

JAN 1.75 2.10 2.41 2.65 2.84 2.95 2.99 2.9 2.85 2.78 .425 0. 5.
FEB 2.50 2.8 3.16 3.39 3.53 3,60 3.57 3.46 3.27 3.05 .454 1. 5.
MAR 3.49 3.81 4.04 4.17 4.22 4,16 4,01 3.77 3.45 3.11 .470 5. 5.
APR 4.52 4.71 4.80 4.78 4.65 4.43 4.12 3.72 3.25 2.77 .478 12, 5.
MAY 5.23 5.29 5.25 5.09 4.82 4.47 4,04 3.52 2.97 2.42 .483 17. 4.
JON 5.71 5.71 5.59 5.35 5.00 4.58 4.07 3.49 2.90 2.31 .498 22. 4,
JUL 5.54 5.57 5.48 5.27 4.95 4.56 4.08 3.52 2.94 2.36 .49 25. 4,
AUG 4.96 5.10 5.13 5.05 4.86 4.57 4.19 3.73 3.20 2.66 .492 24, 4.
SEP 4.04 4.32 4.50 4.59 4.57 4.44 4,22 3,91 3.51 3.08 .489 20. 4.
ocr 3.02 3.40 3,71 3.93 4,05 4.08 4,01 3.85 3,60 3.31 .485 14. 4.
NOV 1.95 2.31 2,61 2.8 3.03 3.14 3.16 3.11 2.98 2.91 .434 8. 4.
DEC 1.48 1.79 2,07 2.29 2.46 2,5 2.61 2,59 2.51 2.49 .39 2. 5.

YRT 1347. 1431, 1484, 1504, 1490, 1447, 1371, 1266. 1138. 1010,

PHOENIX, AZ

33.43 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH KT THM WS
HOR 10 20 30 40 50 60 70 80 VERT

JAN 3.21 3.85 4.39 4.83 5.14 5.31 5.35 5.25 5.01 4,77 .619 11, 2.
FEB 4.33 4,98 5.50 5.89 6.13 6.21 6.13 5.89 5.50 5.02 .667 13. 3,
MAR 5.72 6.25 6.62 6.83 6.8 6.72 6,42 5.95 5.34 4,65 .697 16. 3.

APR 7.42 7.72 17.83 7.74 17.46 17.00 6.37 5.59 4.68 3.70 ,752 20, 3
HAY 8.44 8.47 8.29 7.90 7.35 6.64 5.77 4,71 3.76 2.74 .773 26. 3
JUN 8.64 8,53 8.21 7.69 7.02 6.21 5.26 4.26 3.22 2.28 .760 31, 3

JUL 7.84 7.79 17.55 7.14 6.58 5.89 5.07 4.18 3.27 2.40 .700 34, 3
AUG 7.23 7.38 7.36 7.15 6.79 6.27 5.61 4.82 3.93 3.06 .697 32. 3
SEP 6.35 6.79 7.07 7.16 7.08 6.82 6.39 5.81 5.09 4.28 .714 29. 3

OCT 4.97 5.61 6.11 6.46 6.64 6.65 6.49 6,16 5.68 5,09 .696 23. 3,
NOV 3.62 4.30 4.86 5.31 5.62 5.78 5.79 5.65 5.36 4.97 .652 15. 2.
DEC 2.94 3.57 4.11 4.55 4.88 5.07 5.14 5.07 4.8 4.57 .607 11. 2

YRT 2153. 2290. 2371. 2393. 2358. 2268. 2121. 1926. 1692. 1443,
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A-41

POCATELLO, ID

42.92 N LATITUDE
SURFACE TILT (DEGREES UP FROM EORIZONTAL)

TABLE I (Comtimmed)
AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),

CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/8)

MONTE: ET ™™ W
HOR 10 20 30 40 50 60 70 80 VERT
JAN 1.70 2,12 2.48 2.79 3.02 3.18 3.26 3.26 3.17 3.04 .471 -4. 5.
FEB 2.77 3.29 3.74 4.09 4.33 4.47 4.50 4.41 4.21 3.93 .552 -2. 5.
MAR 4.33 4.85 5.26 §5.54 5.69 5.69 5.55 5.27 4.87 4.38 .614 2. §.
APR 5.74 6.08 6.28 6.33 6.23 5.98 5.60 5.09 4.47 3.771 .622 7. 8.
MAY 7.19 7.36 7.36 7.18 6.84 6.36 5.75 5.01 4,16 3.34 .668 13. S§.
JUN 7.8 7.87 17.75 7.45 6.97 6.37 5.65 4.81 3.93 3.04 .681 1i7. S§.
JUL 8.19 8.32 8.25 17.97 17.51 6.%90 6.15 5.26 4.30 3.33 .7132 22, 4.
AUG 7.06 7.39 7.53 7.49 7.27 6.88 6.34 5.64 4.82 3.94 .7i1 21. 4.
SEP 5.58 6.15 6.57 6.83 6.91 6.82 6.55 6.12 -5.54 4.86 .703 15. 4.
OCT 3.79 4.46 5.01 S5.44 5,73 5.87 5.86 5.69 5.38 4.97 .657 9. 4.
NOV 2,17 2.70 3.16 3.54 3.84 4,03 4.12 4,10 2.98 3.88 .5485 2. §.
DEC 1,50 1.91 2.26 2.57 2.80 2.97 3.06 3.07 3.00 2.99 .465 -3. 5.
YRT 1763. 1905. 2000. 2047. 2044. 1995, 1892, 1757. 1576. 1382.
PORTLAND, ME
43.65 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONIAL)
HKONTH ' ET TH WS
HOR 10 20 30 40 50 60 70 80 VERT
JAN 1.42 1.75 2.03 2.27 2.45 2.57 2.63 2.63 2.55 2.54 .407 -5. 4.
FEB 2.14 2.50 2.79 3.03 3.19 3.27 3.28 3,20 3.05 2.87 .437 -4. 4.
MAR 3.06 3.36 3.59 3.74 3.80 3.78 3.67 3.48 3.21 2.92 .440 0. S.
APR 4,11 4,31 4.42 4.43 4.35 4.17 3.91 3.57 3.15 2.72 .449 6. 5.
MAY 4.94 5.03 5.02 4.90 4.67 4.37 3.98 3.52 3.00 2.49 .460 12. 4.
JUN 5.40 5.42 5.34 5.15 4.85 4.48 4.03 3.50 2.95 2.40 .470 17. 4.
JUL 5.23 5.29 5.24 5.07 4.80 4.45 4.03 3.53 2.98 2.44 .468 20. 3.
AUG 4.60 4.76 4.82 4.17 4.62 4.38 4.05 3.64 3.17 2.68 .465 19. 3.
SEP 3.65 3.93 4.13 4.24 4.26 4.17 4.00 3.73 3.39 3.01 .465 15. 4.
OCT 2.59 2.96 3.25 3.48 3.62 3.67 3.64 3.52 3.32 3,09 .458 9. 4.
NOV 1.45 1.73 1.97 2.16 2.31 2.40 2.43 2.40 2.32 2.29 .374 4. 4.
DEC 1.14 1.41 1.64 1.84 1.99 2.09 2.14 2.14 2.09 2.09 .367 -3. 4.
YRT 1211. 1293. 1347. 1372, 1367. 1333. 1271. 1182. 1069. 959.



TABLE I (Continued)
AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),

CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (TM, DEG C).
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

PRESCOTT AZ

34.65 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL) |
MONTH: KT TH WS

HOR 10 20 30 40 50 60 70 80 VERT
JAN 3.20 3.89 4.47 4.95 5.29 5.50 5.56 5.47 5.24 4,98 .641 3, 3.
FEB 4.20 4.86 5.40 5.80 6.05 6.15 6.09 5.87 5.50 5.04 .666 4. 4.
' MAR 5.61 6.15 6.53 6.76 6.81 6.70 6.41 5.97 5.33 4.71 .694 7. 4.
APR 7.17 7.48 7.60 7.53 7.29 6.86 6.27 5.53 4.66 3.74 .732 11. S,
MAY 8.29 8.35 8,19 7.83 7.31 6.63 5.79 4.82 3.83 2.83 .760 16. 5.
JUN 8.71 8.62 8.33 7.82 7.17 6.37 5.42 4.41 3.38 2.41 .764 22, 5.
JUL 7.28 7.25 17.06 6.70 6.20 5.59 4.86 4.04 3.22 2.41 .650 24. 4.
AUG 6.60 6.74 6.73 6.57 6.25 5.80 5.22 4,53 3.74 2.96 .639 22. 3.
SEP 6.16 6.60 6.82 7.00 6.94 6.70 6.30 5.75 5,06 4.28 ,701 20. 4.
OCT 4.87 5.52 6.04 6.41 6.61 6.64 6.50 6.19 5.73 5.15 .697 14. 3.
NOV 3.59 4.31 4.91 5.40 5.74 5.93 5.9 5.84 5.56 5.17 .670 7. 3.
DEC 2.92 3.60 4.19 4.67 5,03 5.26 5.35 5.29 5.10 4.80 .630 3. 3.

YRT 2088. 2233. 2323, 2355, 2332, 2253. 2119, 1936. 1713, 1472,

RED BLUFF, CA

40.15 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
NONTH . ET TH WS
HOR 10 20 30 40 50 60 70 80  VERT

JAN 1.80 2.17 2.50 2.76 2,96 3.09 3.13 3,10 3.00 2.85 .441 7. 4.
) FEB 2.81 3.25 3.63 3.91 4.10 4.19 4.18 4.06 3.84 3.56 .514 10. 4.
MAR 4.27 4.72 5.06 5.27 5.36 5.32 5.15 4.85 4.45 3.96 .576 11, 5,
. APR 6.02 6.34 6.51 6.52 6.38 6.09 5.66 5.10 4.43 3.69 .638 15, 4.
MAY 7.48 7.62 7.58 T7.35 6.94 6.42 5,74 4,94 4.06 3.18 .691 20. 4.
JUN 8.19 8.21 8.04 7.67 7.12 6.46 5.66 4.73 3.81 2.85 .,715 25. 4,
JUL 8.42 8.50 8.37 8.04 7.51 6.85 6.04 5.09 4.10 3.09 .751 28. 4.
AUG 7.29 7.57 7.67 17.58 7.31 6.87 6.28 5.53 4.66 3.75 -.722 27. 4.
SEP 5.8 6.35 6.73 6.94 6.98 6.84 6.52 6.05 5.43 4.71 .706 23. 4.
OCT 3.87 4.46 4.94 5.30 5.53 5.62 5.56 5.36 5.03 4.61 .625 18. 4.
NOV 2.23 2.68 3.06 3.38 3.61 3.75 3.79 3.74 3.60 3.51 .500 11. 4.
DEC 1.61 1.98 2.30 2.56 2.76 2.90 2.96 2.95 2.86 2.85 .435 7. 4.

YRT 1823. 1946. 2023. 2050. 2027. 1960. 1847. 1689. 1498. 1295.
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REDMOND, OR

44 .27 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

TABLE I (Contimmed)
AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),

10

20

30

40

50 60

70

80

CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MCNTHLY AVERAGE WIND SPEED (WS, M/8)

we

JAN

2.29
3.27
4.54

2.98
3.92
4.91

.458
.507
. 547

W

@ W
e o o

APR
MAY

5.57
5.87
5.98

.582
.612
.629

6.
11.
15.

AUG
SEP

.690
.662
642

20.
18.
14.

b W W
s o »

Nov
DEC

4.45
2,91
2.32

.566
.479
+435

=\

W i W
. o

L]

1720,

RICHMOND, VA

1805.

37.50 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

1847.

1844.

1801. 1717.

1592.

1433.

1267.

20

30

40

50 60

70

80

JAN
FEB

.440
469
.493

APR
MAY

.513
.511
.516

AUG
SEP

.499
.494
.499

NOV
DEC

3.70
3.40
2.92

3.37
3.29
2.88

495
472
.430

1523.

1574.

1591.

1573.

1521, 14317.

1321.

1182, 1043.



TﬁBLE I (Continued)

AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.M. /DAY). :
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TH, DEG C).'
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

ROCHESTER, NY
43.12 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTE: KT TH WS
HOR 10 20 30 40 50 60 70 80 VERT '

JAN 1.15 1.35 1.53 1.67 1.78 1.84 1,87 1.84 1.78 1.81 .321 -4. 6.
FEB 1.76 2.00 2.19 2.34 2.44 2.48 2.46 2.39 2.27 2.13 .353 -4. 6.
MAR 2.85 3.11 3.30 3.43 3.47 3.44 3.33 3.15 2.91 2.63 .406 0. 5.

APR 4.22 4.43 4.53 4.54 4,45 4.27 4,00 3.64 3.21 2.76 .459 8. 5.
MAY 5.06 5.16 5.14 5.01 4.77 4.46 4,06 3,58 3.04 2,52 .471 14. 5.
. . . 3,08 2.48 .499 19, 4.

. . 3.15 2,56 ,502 22, 4.
AUG 4,79 4,95 5.01 4.96 4.80 4.54 4.20 3.77 3.27 2.75 .483 21. 4,
SEP 3.65 3.93 4.13 4.23 4.24 4.15 3.97 3.70 3.35 2.98 .462 17. 4.

OCl 2.46 2.79 3.05 3.24 3.36 3.40 3,36 3.25 3.05 2.84 .429 11. 4.
NOV 1.27 1.48 1.65 1.79 1.88 1.94 1,95 1.92 1.84 1.83 .321 5. 5.
DEC .88 1.02 1.14 1.23 1.30 1.34 1.35 1.33 1.29 1.32 .276 -2. 5.

YRT 1203. 1269. 1309. 1320. 1303, 1259, 1190, 1095, 981, 870,

ROCE SPRINGS, WY

41.60 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH ET TM WS
HOR 10 20 30 40 50 60 70 80 VERT

JAN 2.32 2.95 3.51 3.98 4.35 4.60 4,73 4,73 4.61 4,46 .604 -6, 6,
FEB 3.43 4.11 4,70 5.16 5.49 5,68 5,72 5.60 5.34 4,99 .655 -5, 6,
MAR 4.83 5.42 5.88 6.19 6.35 6.35 6.18 5.8 5.39 4,84 .668 -2. 6.

APR 6.13 6.48 6.69 6.72 6.60 6.33 5.90 5.34 4.66 3.92 .657 4. 6,
MAY 7.39 7.55 7.53 17.33 6.95 6.44 5.79 5.02 4,15 3.29 .685 10. 5.
JUN 8.11 8.15 8.01 7.67 7.15 6.51 5.74 4.84 3.92 2.98 .708 16. 5.

JUL 8.03 8.13 8.03 7.74 7.26 6.66 5.91 5.04 4.10 3.16 .717 20. 4.
AUG 7.06 7.36 7.48 7.42 7.17 6.77 6.21 5.51 4.68 3.80 .706 19. 4.
SEP 5.77 6.35 6.76 7.00 7.07 6.95 6.66 6.20 5.59 4.3%8 .715 13, 5.

OCT 4.11 4.82 5.41 5.86 6.16 6.30 6.27 6.08 5,73 5.27 .689 7. 5.
NOV 2.61 3.26 3.83 4.31 4.67 4.91 5.02 4,99 4.8 4.69 .618 -1. 5.
DEC 2.05 2.66 3.20 3.66 4.03 4.29 4.43 4,46 4.36 4.30 .593 -5. 5.

YRT 1884. 2048. 2162. 2223, 2229. 2184, 2085. 1936. 1743. 1537.
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TABLE I (Continued)

AVERAGE DAILY ABRRAY INSOLATION (EWH/SQ.M./DAY),
CLEARNESS NUMBER (KT), MEAN MONTELY TEMPERATURE (TM, DES C),
AND MONTHLY AVERAGE VWIND SPEED (WS, M/S)

ROSWELL, MM

33.30 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
YONTH ET TH
HOR 10 20 30 40 50 60 70 80 VERT

JAN 3.30 3.9 4.52 4.97 5.29 5.47 5.51 5.41 5.16 4.82 .632 4.
FEB 4.33 4.97 5.49 5.87 6.11 6.19 6.10 5.87 5.48 4.99 .664 1.
MAR 5.70 6.22 6.59 6.79 6.82 6.68 6.37 5.91 5.30 4.61 ,693 11.
APR 6.99 7.2F 17.34 7.25 6.99 6.56 5.97 5.24 4.40 3.51 .708 17.
MAY 7.76 17.78 17.61 17.26 6.76 6.12 5,33 4.43 3,53 2.61 ,710 22.
JUN 8.23 8.13 7.8 7.33 6.71 5.94 5.05 4.10 3,13 2.24 .724 21.
JUL 7.69 7.64 7.41 7.00 6.46 5.78 4.98 4.11 3,22 2.37 .687 28. 4
AUG 7.07 7.21 7.18 6,98 6.63 6.12 5.48 4.71 3.85 3.00 .682 27. 4
SEP 6.03 6.43 6.67 6.75 6.67 6.4%2 6.01 5.46 4,79 4.03 .677 23. 4.
OCT 4.82 5.42 5.89 6.21 6.38 6.38 6.22 5.91 5.44 4.87 .672 17. 4.
NOV 3.56 4.21 4.76 5.19 5.48 5.63 5.64 5.50 5.22 4.83 .639 9. 4.
DEC 3.00 3.65 4.21 4.66 4.99 5.19 5.26 5.19 4.98 4.68 .617 4. 4.
YET 2085. 2218. 2297, 2320. 2289. 2204. 2065, 1879, 1655, 1414.
SALEM, OR.
44 .92 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

KONTE: ET TH VS

HOR 10 20 30 40 50 60 70 80 VERT
JAN 1.05 1.25 1.42 1.57 1.68 1.75 1.78 1.76 1.71 1.65 .320 4. 4.
FEB 1.85 2.15 2.40 2.60 2,73 2.81 2,81 2.75 2.63 2.47 .394 6. 3.
MAR 2.99 3.30 3.54 3.70 3,77 3.76 3.66 3.48 3.23 2.93 .441 7. 4.
APR 4.32 4.55 4,69 4.71 4.64 4.46 4.20 3.84 3.40 2.93 .477 9. 3.
MAY 5.48 5.60 5.61 5.49 5,25 4.91 4.48 3.97 3.38 2.79 .512 13. 3.
JUN 5.83 5.87 5.80 5.60 5.29 4.88 4.39 3.83 3.22 2.61 .508 16. 3.
JOL 6.75 6.86 6.82 6.63 6.28 5.82 5.25 4.57 3.81 3.07 .605 19. 3.
JU6 5.59 5.84 5.95 5.92 5.76 5.47 5.08 4.57 3.9 3.33 .57¢ 19. 3,
SEP 4.19 4.57 4.86 5.03 5.08 5.01 4.82 4.52 4.11 3.66 .544 16. 3.
OCT 2.42 2.77 3.06 3.28 3.42 3.48 3.46 3.35 3.17 2.96 .444 11. 3.
NOV 1.30 1.54 1.76 1.94 2.07 2.15 2,18 2.16 2.09 2.06 .353 7. 3.
DEC .87 1.05 1,20 1.32 1.42 1.48 1,51 1.50 1.46 1.48 .302 5. 4.

YRT 1301. 1383. 1436. 1456. 1443, 1400. 1328. 1227. 1100. 972.
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TABLE I (Continued)

AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.M./DAY),
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

SALT LAKE CITY, UT

40.77 N LATITUDE

SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH: ET TM VWS
BOR 10 20 30 40 50 60 70 80  VERT ,

JAN 2.02 2.49 2.90 3.24 3,50 3.67 3.74 3.72 3.61 3.50 .508 -2. 4,
* FEB 3.11 3.66 4.13 4.49 4,74 4.87 4.88 4.76 4.52 4.22 .580 1. 4.
* MAR 4.59 5.11 5.51 5.77 5.89 5.87 5.70 5.38 4.94 4.43 .626 5. 4.

APR 5.97 6.30 6.47 6.50 6.36 6.08 5.66 5.11 4.45 3.74 .636 9. 4.
. . . . . .17 4.98 4,10 3.23 .689 15. 4.
JUN 8.07 8.09 7.94 7.58 17.05 6.42 5.64 4.74 3.83 2.89 .704 20. 4,

JuL. 8.16 8.25 8.14 7.83 7.33 6.70 5.93 5.02 4.07 3.10 .728 25. 4.
A7 5.46 4.62 3.74 .707 24. 4.
.60 6,13 5.51 4.79 .711 18. 4.

OCT 4.07 4.74 5.29 5.71 5.98 6,10 6.05 5.86 5.50 5.05 .669 11. 4.
NOV 2.48 3,05 3.55 3.95 4.26 4.45 4,53 4.49 4.33 4.22 .570 4. 4.
DEC 1.80 2.25 2.65 2.99 3.25 3.43 3.52 3.52 3.42 3.39 .499 -1. 3.

YRT 1848, 1989, 2083, 2125. 2115. 2059. 1953. 1799. 1609. 1407.

SAN ANGELO, TX

31.37 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH: ET TM WS
HOR 10 20 30 40 50 60 70 80  VERT

JAN 3.03 3.53 3.96 4.28 4.51 4.61 4.61 4.49 4,25 3,95 .547 8, 5.
s FEB 3.81 4.28 4.65 4.91 5,05 5.06 4,96 4.73 4,39 3.98 .,560 10, 5.
MAR 5.07 5.45 5.70 5.82 5.80 5.65 5.35 4.94 4.41 3.82 .601 14. 6.

. APR 5.83 6.00 6.02 5.91 5.67 5.30 4.81 4.23 3.55 2.86 .584 19, 5.
MAY 6.40 6.39 6.23 5.93 5.52 4,99 4.37 3.66 2.95 2.25 .586 23. 5.
JUN 6.89 6.78 6.52 6.11 5.59 4.97 4.24 3.49 2.70 2.01 .609 27. 5.

JUL 6.69 .62 6.40 6.04 5.57 4.98 4.30 3,57 2.81 2.11 .599 28, 4.
AUG 6.20 6.28 6.23 6.03 5.70 5.25 4.69 4.03 3.30 2.58 .594 28. 4.
SEP 5.06 5.33 5.47 5.49 5.38 5.15 4.80 4.34 3.79 3.19 .558 24, 4,

OCT 4.22 4.65 4.98 5.19 5.27 5.23 5.06 4.77 4.37 3.90 .563 19. 4.
NOV 3.28 3.79 4.21 4.53 4.73 4.82 4.78 4.63 4.37 4.02 .558 12, 4.
DEC 2.81 3.33 3.77 4.11 4.36 4.49 4.51 4.42 4,21 3.95 .543 8. 5.

YRT 1805. 1901. 1952, 1958. 1921. 1840. 1717. 1559. 1370. 1173.
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A-47

CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

SAN JUAN, PR

18.43 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

TABLE I (Contimmed)
AVERAGE DAJLY ARRAY INSOLATION (EWH/SQ.M./DAY),

20

30

40

50

60

70

80

VERT

e

JAN
FEB

5.20
5.60
5.88

4.85
4.79
4.37

W
WO &

3.99
3.73
3.05

.553
.569
.589

24.
24,
25.

4-
4.

APR
MAY

5.56
4.92
4.74

5.17
4.44
4.21

= NN @W

=83

1.99
1.57
1,58

575
.536
.5%4

26.
26.
27.

"o
4.
4-

JUL
AUG
SEP

4.42
4.78
4.99

3.16
3.65
4.18

w N -
]

1,58
1.1
2.41

.551
.551
.532

21.
217.
21.

5.

4,

NOV
DEC

4.78
4.31
3.90

5.23
§5.05
4.69

5.20
5.31
5.04

4.70
§5.07
4.92

3.7%
4.36
4,33

3.23
3.87
3.9

«535
.551
.535

217.
26.
25.

3-
4.
4,

1887. 1937.

SCOTTSBLUFF, NE

41.87 N LATITUDE

1943. 1907. 1828,

1708.

1556. 1373.

1173.

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH

990,

EOR

20

30

40

50

70

80

JAN
FEB
MAR

2.13
2.99
4.12

.563
.516
.574

-40
-1.
2.

APR
MAY
JUN

.565
.565
.615

8.
14,
19.

JUL
AUG
SEP

3.45

.643
.631
.626

23.
22.
16.

L
» e

oCT
NOV
DEC

4.47
3.94
3.66

.609
.547
.532

9.

-3.

(VT N
« o .

YRT

1642. 177s.

1868. 1915. 1917.

18717.

1792. 1666.

1504.

1335.



TABLE I (Continued)

AVERAGE DATILY ARRAY INSOLATION (XKWH/SQ.M./DAY),
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

SEATTLE/TACOMA, VA

47.45 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH: ET TM WS
HOR 10 20 30 40 50 60 70 80 VERT

JAN .83 .98 1.12 1.23 1,32 1.37 1.40 1.39 1.35 1.41 .290 4, 5.
FEB 1.55 1,81 2.04 2.21 2.34 2.41 2.42 2.38 2.28 2.26 .363 6. 4.
MAR 2.69 2.99 3.23 3.39 3.47 3.48 3.41 3.25 3.03 2.79 .419 6. 5.

APR 4.09 4.33 4.47 4.52 4.47 4.32 4.08 3.76 3.36 2.93 .462 9. 4,
MAY 5.42 5.57 5.60 5.51 5.30 4.98 4,57 4.08 3.50 2.92 .511 12. 4.
JUON 5.66 5.73 5.67 5.51 5.23 4.85 4.39 3.86 3.27 2.69 .495 15. 4.

JUL 6.24 6.37 6.35 6.20 5.91 5.50 5,01 4.41 3.72 3.06 .562 18. 4,
AUG 5.06 5.30 5.42 5.42 5.29 5.05 4.71 4.28 3.75 3.17 .525 17. 4.
SEP 3.64 3.98 4.24 4,40 4.45 4,41 4,26 4,01 3.68 3.29 .492 15. 4,

OCT 2.05 2.36 2.61 2.81 2,94 3,00 2,99 2,91 2.76 2.58 .404 11. 4.
NOV 1.07 1.28 1.47 1.62 1,74 1.8 1,85 1.84 1.79 1.74 .330 7. 4,
DEC .57 .79 .%0 .99 1,06 1,11 1,13 1,12 1.09 1.10 .270 5. 4.

YRT 1189, 1265. 1315. 1335. 1326. 1288, 1225. 1135. 1022. 911,

SHERIDAN, WY

44.77 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH KT TH VWS
HOR 10 20 30 40 50 60 70 80  VERT

JAN 1.63 2,07 2.47 2.80 3.07 3.25 3.35
, FEB 2.48 2.96 3.38 3.71 3.95 4.09 4.13
MAR 3.80 4.26 4.63 4.88 5.02 5.03 4.92

3.29 3.19 .495 -6. 3.
. 3.65 .525 -3. 4.
4.35 3.94 .559 0. 4.

.

AAO W

oAl
w
o0
©

3.85 3.30 .534 6. 4.
. 2.98 .555 12.
3.65 2.91 .593 17.

w NV w
o XN
w
(-3
w

4.09 3.26 .658 22.
. .644 21.
4.76 4.22 ,613 14,

[ ]
th
.
©
w
[
(=4
o
(-,
=4
o
th
) -3
[
7]
e o . e
~
o
L%
w
w
E-
o
(%]
Y Lk I o bw

.
IS -]
Wow
e
.
-
-4
w
~3
w
W ww
e o e

4.51 4.20 .577 8.
. .505 0.
2.99 2,97 .476 -4, 3

.
w W
" .

L]
[y
oo
(-,
(]
w
w
(]
~3
w
w
(=]
~3
w
.
w
-
w
(7]
N
w
N
(=
w W
.
S A~
O W
w
Lth
o
w
o
(]

DEC 1.39 1.80 2.17 2.48 2.73 2.91 3:02

YRT 1534, 1661. 1751. 1799. 1804. 1769. 1694. 1579. 1429. 1270.

A-48



A-49

CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (1M, DEG C),

TABLE I (Comtinued)
AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.MH./DAY),

AND MONTHLY AVERAGE WL'D SPEED (WS, M/8)

SHREVEPORT, LA

32.47 N LATITUDE

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

HOR 10 20

30

40

50

60

70

3.30
4.16
4.81

3.42
4.00

448
.493
.509

19.
14.

5.16
5.55
5.82

.512
.544
574

19.
22,
26.

5.1
5.79
5.33

. 568
.569
545

28.
27.
24.

OCT 4.11 4.55 4.89
NOV 2,92 3.36 3.73
DEC 2.30 2.69 3.02

5.11
4.00
3.28

5.20
4.18
3.47

5.17
4.25
3.57

«565
.512
.460

19,
13.
9'

YRT 1642, 1724, 1766, 1768. 1732,

SIOUX CITY. IA

42.40 N LATITUDE

1658. 1547.

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH:
EOR 10 20

30

40

50

60

70

80 VEET

JAN 1.79 2.23 2.61
FEB 2.65 3.11 3.50
MAR 3.69 4.08 4.38

& bW
L]
=
A th =

3.32 3.18
3.8 3.60
3.93 3.53

.485
.519
.519

-8.
-4,
l‘

APR 4.97 5.23 5.37
MAY 5.99 6.11 6.09
JUN 6,69 6.73 6.61

.3
.1
1

L3 N
A ~NO

3.78 3.21
3.50 2.85
3.44 2.7

.537
.556
.584

10.
16.
22,

JUOL 6.69 6.77 6.69
AUG 5.82 6.04 6.13
SEP 4.48 4.86 5.13

4.34
4.57
4.65

3.60 2.86
3.92 3,25
4.20 3.70

.598
.584
.561

24,
23.
17.

oCT 3.27 3.77 4.19
NOV 2.03 2.47 2.86
DEC 1.48 1.86 2.19

4.50
3.19
2.47

4.79
3.58
2.84

4.60
3.62
2.92

4.33 4.01
3.50 3.41
5 2.83

.559
.496
.446

11,
2,
—SO

YRT 1510. 1623. 1698. 1734. 1730.

1688, 1609,

1492,

1345. 1190.



'TABLE I (Continued)

AVERAGE DAILY ARRAY INSOLATION (KVWH/SQ.M./DAY), ,
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

SPOKANE, WA

47.63 N LAITUDE -
SURFACE TILT (DEGREES UP FROM HORIZONTAL) ,
HONTH KT TM WS
HOR 10 20 30 40 50 60 70 80 VERT

JAN .99 1,23 1.45 1,63 1.77 1.87 1.93 1.93 1,89 1.92 .353 -3, 4.
FEB 1.%0 2.28 2.61 2.88 3.07 3.19 3.23 3.19 3.07 3.00 .448 0. 4.
MAR 3.28 3.70 4,03 4.27 4.41 4.44 4,37 4.19 3.91 3.59 .513 3. 4,
APR 4.72 5,03 5.22 5.30 5.26 5.09 4.82 4.44 3.96 3.44 '.535 1. 4.
MAY 6.04 6.23 6.28 6.18 5.95 5.58 5.13 4.56 3.90 3.23 .570 13. 4.
JUN 6.56 6.65 6.60 6.41 6.08 5.62 5.09 4.44 3,73 3.04 .573 17. 4.
JOL 7.43 17.60 7.60 7.43 7.09 6.58 5.98 5.23 4.38 3.55 .669 21, 4.
AUG 6.12 6.46 6.64 6.66 6.53 6.24 5.83 5,28 4.61 3.8 .636 20. 4.
SEP 4.52 5.03 5.42 5.67 5.79 5.76 5.59 5.29 4.85 4.33 .614 15. 4.
oCT 2.65 3.12 3.53 3.84 4.07 4.19 4.21 4.12 3.93 3.67 .526 8. 4.
NOV 1.25 1,55 1.82 2.04 2,21 2.33 2.39 2.39 2,33 2,27 .391 2. 4.
DEC .%0 1,01 1,19 1,35 1.47 1.56 1,61 1.62 1.60 1,59 .329 -1. 4,

YRT 1412, 1522, 1597. 1636. 1636. 1598, 1527. 1421, 1283, 1140,

SPRINGFIELD, MG

37.23 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH ET TM WS
HOR 10 20 30 40 50 60 70 80  VERT

JAN 2.15 2.57 2.92 3.20 3.41 3,53 3.57 3.51 3.37 3.21 .472 0. 5.
FEB 2.91 3.32 3.64 3.88 4.03 4,09 4,04 3,90 3.66 3.37 .492 2. 6.
MAR 3.90 4.22 4.45 4.58 4.61 4,53 4,34 4,06 3.69 3.27 .,501 7, 6,
APR 5.06 5.25 5.33 5.29 5.13 4.87 4.49 4,03 3,48 2.89 .525 13. 6.
MAY 5.93 5.98 5.90 5.69 5.36 4.93 4.41 3,79 3.14 2.49 .545 18. 5.
JUN 6.54 6.52 6.34 6.03 5.59 5.07 4.44 3.74 3.03 2.34 .572 23. 4,
JUL 6.50 6.51 6.37 6.09 5.69 5.18 4.57 3.87 3.16 2.45 .580 25. 4,
ADG 5.91 6.06 6.98 5.96 5.70 5.33 4.85 4.26 3.58 2.90 .578 24. 4,
SEP 4.66 4.98 5.18 5.26 5.22 5.06 4.79 4.40 3.92 3.39 .547 20. 4.

OCT 3.61 4.05 4.41 4.66 4.80 4.82 4,72 4,51 4,20 3.82 .545 14, 5,
NOV 2.44 2.87 3.24 3.53 3.74 3.85 3.87 3.79 3.61 3,50 .45 7. 5.
DEC 1.90 2.29 2.63 2.91 3.11 3.24 3.29 3.25 3.14 3.09 .452 2. 5.

YRT 1569. 1664. 1721. 1738. 1716. 1658. 1563. 1433. 1277, 1116.
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A-51

TALLAHASSEE, FL

30.38 N LATITUDE
' SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH

TABLE I (Contimued)

AVERAGE DATLY ARRAY INSOLATION (EWH/SQ.M./DAY),
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

HOR

10

20

3c

40

50

60

70

80

JAN
FEB
MAR

3.16
3.99
4.98

3.75
4.51
5.217

L )
o
3 3

3.57

.485
.516
.547

11.
12-
15.

APR
MAY
JUN

Wb A
.

~1 = OO
O w e

.573
.559
.526

19.
23.
26.

@ W W o W W
»

JUL
AUG
SEP

.494
.505
.514

26.
26.
25.

wWoN
s » »

ocT
NOV
DEC

5.05
4.27
3.57

4,59
4.30
3.74

.550
.526
.478

20.
14.
11.

YRT

1649. 1728. 1769. 1770,

TAMPA, FL

27.97 N LATITUDE

MONTE

1733. 1657.

1545.

1403. 1234.

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

1060.

HOR

20

30

40

50

60

70

80

VERT

JAN
FEB
MAR

3.12
3.80
3.46

.523
. 545
.573

15.
16.
19.

APR
MAY
JUN

6.14
6.25
5.70

5.97
5.72
5.10

2.68
2.03
1.1

.594
.578
.520

22.
25.
26.

JUL
AUG
SEP

5.44
5.24
4.89

4.93
4.96
4.94

N
O~ W

4.05
4.28
4.55

1.81
2.12
2.74

.498
.497
.504

217.
217.
26.

NOV
DEC

4.62
3.96
3.39

5.04
4.61
4.05

L)
N O O O\ W

o B th
W -3~

4.99
4.81
4.31

3.59
3.89
3.64

.541
.543
.512

23.
19.
16.

1795. 1832. 1828.

1785. 1701.

1580.

1429, 1252. 1070.



TABLE I (Continned)

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

AVERAGE DAILY ARRAY INSOLATION (KVH/SQ.M./DAY),
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

TONOPAH, NV

38.07 N LATITUDE

20

30

40

50

60

70

80

VERT

KT TH WS

2.90 3.62
4.01 4.73
§.61 6.25

5.16
6.13
7.18

5.31
5.78
5.90

5.03
§.34
5.21

654
692

.731

7.09 17.47
8.13 8.25
8.79 8.77

7.47
7.40
7.47

5.01
4.12
3.78

4.09

.740
.748
. 768

JUL
AUG
SEP

8.52 8.56
7.69 7.96
6.44 7.01

8.01
7.%90
7.62

7.45
7.58
7.63

3.92
4.66
5.80

.759
.755
.762

24.
22.
18.

NOV
DEC

4.79 5.56
3.25 3.99
2.61 3.31

6.18
4.64
3.94

6.65
5.17
4.46

6.94
5.56
4.86

7.05
5.80
5.14

6.97
5.89
5.27

6.70
5.82
5.21

6.27
5.59
5.12

. 738
.676
.642

11,
4-
0.

&b

2126. 2299,

2413, 2467. 2459.

2394,

2269.

2087.

1862.

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

TULSA, OK

36.20 N LATITUDE

KT 1TM VWS

HOR 10 20 30 40 50 60 70 80  VERT
JAN 2,30 2.73 3.10 3.40 3.61 3,73 3.76 3.69 3.54 3.48 .48 2, 5.
FEB 3.08 3.50 3.84 4.08 4.24 4.28 4.23 4.07 3.82 3.51 .507 5. 5.
MAR 4.12 4.46 4.70 4.83 4.85 4.76 4.56 4.26 3,85 3.40 .522 9, 6.
APR 5,05 5.23 5.30 5.25 5.08 4.80 4,43 3,95 3.41 2.82 ,520 16. 6.
MAY 5.74 5.78 5.69 5.48 5.15 4,73 4.22 3.63 3.00 2.38 ,527 20. 5.
JUN 6.37 6.34 6.16 5.84 5.41 4.89 4.28 3,60 2.91 2,25 ,.558 25, 5.
JUL 6.40 6.40 6.25 5.96 5.55 5,05 4.44 3.75 3.06 2.36 .571 28. 4,
AUG 5.88 6.02 6.03 5.89 5.63 5.25 4.76 4.17 3.49 2.82 .573 27. 4.
SEP 4.64 4.93 5.12 5.19 5.13 4.96 4.68 4,29 3.81 3.28 .537 23. 4.
OCT 3.67 4.11 4.45 4.69 4.82 4.82 4.72 4.50 4.17 3.78 .542 17. 4.
NOV 2.60 3.06 3.44 3.74 3.95 4.06 4.07 3.98 3.79 3.54 .510 9. 5.
DEC 2.08 2.50 2.87 3.16 3.38 3.52 3.56 3.52 3.39 3.21 .475 4. 5.

YRT 1582. 1677. 1733. 1750. 1729. 1669. 1572. 1441, 1284. 1120.
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A-53

WAEKE ISLAND, PI

TABLE I (Costinned)
AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.M./DAY),

CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (1M, DEG C),

AND MONTHLY AVERAGE VWIND SPEED (¥S, ¥/S)

19.28 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTH: ET T™M W8
HOR 10 20 30 40 50 60 70 80 VERT
JAN 4.26 4.74 5.11 5.36 5.42 5.47 5.33 5.05 4.66 4.19 .573 25. 6.
FEB 4.96 5.37 5.64 5.79 5.80 5.66 5.40 5.00 4.50 3.92 .589 25. 6.
MAR 5.71 5.95 6.04 6.00 5.82 5.50 5.05 4.50 3.85 3.16 .600 25, 7.
APR 6.16 6.17 6.04 5.78 5.38 4.87 4.26 3.56 2.82 2.09 .595 25. 7.
MAY 6.48 6.31 5.99 5.56 5.00 4.34 3,62 2.87 2.14 1.60 .605 26. 1.
JUN 6.45 6.20 5.80 5.30 4.69 3.98 3.26 2,51 1.8 1.61 .598 27. 6.
JUL 6.07 5.87 5.54 5.10 4.5 3.93 3.26 2.5 1.92 1.60 .564 28. 6.
AUG 5.90 5.83 5.64 5.33 4.90 4.37 3,75 3.08 2.39 1.77 .560 28, S,
SEP 5.47 5.60 5.60 5.47 5.22 4.86 4.39 3.83 3,20 2.54 .555 28. 6.
OCT 4.96 5.27 5.46 5.52 5.46 5.27 4.96 4.53 4,01 3.43 .560 28, 6,
NOV 4.53 5.01 5.37 5.60 5.70 5.65 5.47 5.16 4.72 4,21 .587 27. 1.
DEC 4.13 4.64 5.05 5.33 5.49 5.51 5.39 5.14 4.717 4,31 .578 25, 1.
YRT 1980. 2036, 2046. 2011. 1930. 1805. 1645. 1452. 1240. 1045.
WICHITA, EA
37.63 N LATITUDE
SURFACE TILT (DEGREES UP FROM EORIZONTAL)
MONTH ET TM WS
HOR 10 20 30 40 50 60 70 80  VERT
JAN 2.47 3.01 3.47 3.85 4.13 4.30 4.36 4.31 4.15 4,09 .549 -1. 6.
FEB 3.33 3.85 4.27 4.60 4.81 4,90 4.837 4.71 4.44 4.09 .568 2. 6.
MAR 4.43 4.85 5.16 5.34 5.40 5.32 5.12 4.80 4.36 3.8 .574 6. 1T.
APR 5.62 5.8 5.97 5.94 5.77 5.47 5.06 4.53 3.90 3.23 .584 14. 7.
MAY 6.41 6.48 6.40 6.17 5.82 5.35 4.77 4.10 3.38 2.66 .550 19. 6.
JUN 7.14 7.11 6.93 6.58 6.10 5.52 4.82 4.04 3.25 2.48 .624 24, 6.
JUL 7.06 7.07 6.93 6.62 6.18 5.62 4.95 4.17 3.39 2.59 .629 27. 5.
AUG 6.41 6.59 6.62 6.50 6.23 5.83 5.29 4.64 3.%0 3.14 .628 26. 5.
SEP 5.09 5.47 5.71 5.83 5.80 5.63 5.33 4.91 4.37 3.77 .600 21. 5.
OCT 3.94 4.47 4.90 5.20 5.38 5.42 5.33 5.11 4.76 4.33 .601 15. 6.
NOV 2.74 3.29 3.75 4.13 4.40 4.56 4.60 4.52 4.33 4.19 .563 7. 6.
DEC 2.18 2.68 3.12 3.48 3.75 3.93 4.01 3.98 3.85 3.79 .526 1. 3.
YRT 1731. 1849, 1925. 1955. 1940. 1882. 1779. 1636. 1462. 1283.



TABLE I (Continued)

AVERAGE DAILY ARRAY INSOLATION (KWH/SQ.M./DAY),
CLEARNESS NUMBER (ET), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/S)

WICHITA FALLS, TX

33.97 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTE KT TM WS
BOR 10 20 30 40 50 60 70 80  VERT

JAN 2.71 3.21 3.63 3.96 4.19 4.32 4.34 4.25 4.05 3.92 .532 §. 5.
FEB 3.54 4.01 4.39 4.66 4.82 4.87 4.79 4.60 4.29 3.92 .551 7. S,
MAR 4.64 5.02 5.28 5.41 5.42 5.30 5.06 4.69 4.22 3.70 .569 12. 6.
APR 4,21 3.58 2.92 .564 18. 6.

W H)
.50 3.81 3,11 2.40 .583 22. §.
48 3.72 2,93 2.20 .615 27. S§.

6.83 6.79 6.60 6.26 5.80 §5.23
AUG 6.21 6.33 6.31 6.14 5.84 5.42
5.04 5.35 5.53 5.58 5.50 5.30

55 3.80 3,04 2.30 .610 29. 5.
87 4.22 3.50 2.78 .600 29. S.
97 4.53 3.99 3.39 .571 24. S,

OCT 4.07 4.54 4.90 5.15 5.27 5.26 5.12 4.8 4.48 4,03 .576 18. 5.
NOV 3.01 3.52 3.95 4.28 4.51 4.62 4.61 4.49 4.26 3.95 .551 1l1. S.
DEC 2.52 3,02 3.45 3.80 4,05 4.20 4.24 4.18 4.01 3.77 .530 6. 5.

YRT 1751. 1852, 1911, 1925, 1896. 1825. 1712. 1561, 1382. 1193.

WILKES-BARRE, PA

41.33 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)
MONTH ET THM VWS
HOR 10 20 30 40 50 60 70 80  VERT

JAN 1.44 1.71 1,95 2.14 2.28 2.37 2.40 2.38 2.29 2.19 .370 -4. 4.
' FEB 2.17 2,48 2.73 2,93 3.05 3.11 3.09 3.00 2,84 2.64 .411 -2. 4.
MAR 3.13 3.40 3.61 3.74 3.78 3.73 3.61 3.40 3.12 2,80 .431 2. 4.

APR 4.22 4.41 4.50 4.49 4.38 4.19 3.90 3.54 3.11 2.65 .452 9, 4.
MAY 5.01 5.09 5.05 4.91 4.66 4,34 3.94 3.46 2.92 2,40 .464 15. 4.
JUN 5.55 5.56 5.46 5.24 4,91 4,51 4,03 3.48 2.91 2.33 .484 20. 3.

JOL 5.50 5.54 5.47 5.28 4.97 4.59 4.12 3.58 3.00 2.42 .491 22. 3.
AUG 4.77 4.92 4.96 4.89 4.71 4.45 4,09 3.66 3.15 2.64 .476 21. 3.
SEP 3.77 4.05 4.23 4.32 4.31 4.20 4.00 3.72 3.35 2.96 .466 17. 3.

3.08 3.37 3.57 3.69 3.73 3.67 3.53 3.31 3.06 .455 11. 3.
NOV 1.54 1.80 2.02 2.20 2.32 2.40 2.41 2.37 2.27 2.24 .362 5. 4.
DEC 1.16 1.38 1.5 1.72 1.83 1.91 1.93 1.91 1.85 1.8 .331 -1. 4,

YRT 1249. 1323, 1368. 1383. 1367. 1325. 1254. 1157. 1038. 918,
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'TABLE I (Comtimmed)

AVERAGE DAILY ARRAY INSOLATION (EWH/SQ.K./DAY),
CLEARNESS NUMBER (KT), MEAN MONTHLY TEMPERATURE (TM, DEG C),
AND MONTHLY AVERAGE WIND SPEED (WS, M/'S)

WINSLOW, AZ

35.02 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

A-55

10

20

30

40

50

60

70

80

5.39
6.10
6.47

5.31
5.88
6.03

.629
.668
.699

6.33
5.75
5.37

5.59
4.80
4.37

.736
. 750
.150

23.

JUL
AUG
SEP

7.18
6.91
6.80

6.82
6174
6.92

6.32
6.42
6.86

4.96
5.37
6.24

.660
.655
694

NOV
DEC

5041
4.23
3.48

5.93
4.84
4.04

6.29
5.32
4.51

6.49
5.66
4.86

6.39
5.89
5'17

.€89
.665
.617

YAKIMA, VA

2219, 2310, 2343. 2320.

46.57 N LATITUDE
SURFACE TILT (DEGREES UP FROM HORIZONTAL)

MONTE:

2243. 2110.

1928,

10

20

30

40

50

70

80

JAN
FEB
MAR

1.44
2.50
3.99

1.69
2.86
4.35

.385
.473
.540

APR
MAY
JUN

.565
.595
.597

JUL
AUG
SEP

5.89
5.84
5.70

.668
.641
.623

22.
21.
16.

NOV
DEC

4.04
2.27
1.56

4.39
2.66
1.87

3.83
2.55
%.86

.539
.414
.354

1593. 1672, 1713. 1712.

1673. 1597.

1485,

1339.

1185.



AND MONTHLY AVERAGE WIND SPEED (VS, H/S)

TABLE I (Conti:mod)

AVERAGE DAILY ARRAY INSOLATION (EWH/SQ. l IDAY).
CLEARNFSS NUMBER (ET), MEAN MONTHLY TEMPERATURE (TM, DEG

SURFACE TILT (DEGREES UP FROM HORIZONTAL)

59.52 N LATITUDE

c),.

YAEUTAT, AE

MONTE: , KT T VWS
BOR 10 20 30 40 50 60 70 80 VERT :

JAN .32 .49 .65 .80 .92 1.02 1.09 1.14 1.15 1.24 .332 -5, 3,
FEB .84 1.10 1.34 1.54 1.71 1.84 1.91 1,94 1.92 1.94 .367 -2. 4.
MAR 1.97 2.33 2.64 2.89 3.07 3.18 3,21 3.16 3.03 2.88 .429 -1. 3.
APR 3.31° 3.61 3.84 3.98 4.04 4.00 3.87 3.66 3.37 3.03 .438 2., 3.
MAY 4.00 4.16 4.25 4.25 4,17 4.00 3,76 3.46 3.09 2.69 .399 6. 4.
JON 4.24 4.33 4.35 4.28 4,15 3.94 3.65 3.32 2.94 2.51 .31 10. 3.
JUL 3.81 3.91 3.94 3.9 3.79 3.61 3.37 3.08 2.74 2.36 .353 12, 3.
AUG 2,97 3.14 3.24 3.28 3.25 3.16 3.00 2.80 2.54 2.27 .343 12. 3,
SEP 2.00 2.23 2.42 2.55 2.63 2,65 2.62 2.52 2.37 2.23 .348 9., 3.
or 1.08 1.34 1.5¢ 1.75 1.9 2.00 2.05 2.05 2.00 2,07 .352 5. 4.
NOV .43 .62 .18 .94 1,08 1.18 1,25 1.29 1,30 1.56 .332 0. 4,
DEC .16 .23 .29 .35 .40 .44 .47 .48 .49 .85 .246 -2, 4,
YBRT 766. 838. 893. 930, 947. 944, 920. 879. 819. 780.
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TABLF II

—Montkly Optimum Tilts—
Tilt Angle (sy) between the Plane of the

Flat Array end Horizontal for Optimum Incident Energy®

Month sy(Degrees)**

JRNBATY sovsesoscesressssscessacrcesscsesaas P+ 29
FeDIBVATY ciovenvcssscssscasacsasscrenssasaaes P+ 18
Y - X - |
ADTAL 1rieiiiiiieiiiiiieerirnecsnnnnnsssens P 10
MaY cveccecsccncccscasssasascssaccancsaccaas P= 22
B T ¢- 25
July cececeecrcaceasccnceasanscasansnceccnes P= 24
ABBUSE ..ccocescreccressrncasnnascsssanccaes P— 10
September ....¢- 2
October .uccvsesnessasarsssvanasscsssscssses P+ 10
NOVEBDET secevvvresceaseatsetcaccccaccansase P+ 23

Decelber B8 S0 0 0PI NPIOIOIEIGISIOIOCEOERNRIERIONIOIEOIOEOGEOSEONONTCEOETGEORTDS ¢+ 30

®Array is assumed to be south facing

%8¢ is latitude in degrees
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A-59

Sinusoidal

Ratio of
Loads
.2 .3
ProﬂieCodeNo.Dg 92 . 8.3
__‘,——’,——"25 E/,///’_\\\\\\\_” ';/////-\\\\\\"/
Page No. [>3 A-85 : A-te
12.2

2.00

12 8/\

©.5¢

Hour . A-ro
o f %60 €00 1260 te.te  z4.00
16 2 /\ 2 /\
@ A-78 : A-78
g g
b 8.6 12,60 te.00 1600 ) 6.8q x.z 3 g 4%
. 182 : 183

~—_18

g"
g"

00
s
.
8
2
S
8

te.¢s 2409

£90
H
3
14

Monthly Average Daily Load Shapes for Which Data Are Given in Taeble III,
(The pumber A-xx shown for each shape is the page number in this appemrdix
on which the corresponding system performance graphs cam be fouad)
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Amplitude to Mean

2
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.60 .t 1300 ega 7s.00

Only the load shape is
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3
%00 6.80 .90 1900 74,00
g 125
2

5 % V.89 [
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2
e .60 2.0 1000 20.00
. 155

.
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8

) 8.0 12.00 1800 2400
g 185

c

2
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Jo80
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8 6.00 .80 1002 ¢

9.7

:

2

% K]
: 12.7

2
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important im selecting the proper graph,
The magnitude of the load enters through the parameter QE/L.
These shapes encompass all the two-digit SIC applications

listed in Ref. 7.

A-60




Unimodal
Loads

Profile Code No. ’
, D, ez
| : ;
| 2 g
. 2 g
; Page No. ) A-35 - A~88
. iu 6.40 - 12.60 1800 24.00 :” 6.60 l2.66  fe.td  24.ca
6 *
3 g i : *e
3 : g
2 2 2
2 Y :
A-80 - A-91 y A-82
:“ 0.00 €2.00  18.68  14.60 fiun D) 1200 10,00 74.90 ';sio.u 6.60 R0 re.e0 74,00
. *12 . #13 ¢ 14
~ - < 2
: : :
hd b 2
: : :
A-36 ) A-87 ¢ A-g8
g ] 8
.60 €.00 1269 10.89  24.00 A 600 12,00 (B60 1600 e ) W (8.00 24,00
Bimodal
Loads
+ 1
: :

.59

AN

A-102 ] A-103

.30
1.80

)
2
o
g
w
3
&
H
2
2

=) &0 12.90 10.08  235.00

&0

Monthly Average Daily Load Shapes for Which Dete Are Given im Table JII,
(The number A~xx shown for each shape is the page nmmber in this appendix
on which the corresponding system performance graphs can be found)

TABLE III EEY

A-61



#*3

H

g

8

3

- A-87

S

Y00 0.0 12.66  10.09

%9

2

2

8

8]

- A-938

8

oo 6.60 .66 18.00

+16

3

g8

&

3

- A-99

8

Wer 6.00 12.00 1089

Only the load shape is important in selecting the proper graph.

300

* 4

2
2
k-
g
b A-88
s
V.0 e.60 12.00 18.00 2400
*10
2
2
2
g
" A-84
g
) €.00 12.60 (.09 74.80
#16
8
8
£
2
- A-100
&
N eoee n.i.u 0.9 1000
*3
A-104

£.00

.08

13,20 1900 24.00

magnitude of the load enters through the parameter QE/L.
encompass all the two-digit SIC applications listed in Ref. 7.
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LOAD PROFILE
INDEX ON PAGES A-59 TO A-82

FEBRUARY
MARCH
APRIL
AUGUST
SEPTE“BRER
‘(spmc-m) CONSTANT
E IE/L
I \ : / [
8 | mmorm 1.3
// 4.8 =
3 A .
b- ///\“/_- a.e §a
M-~ ¢
- 2
gl | 2
® a2 2 NOVEMBER
2 I wE e, e 0.0 1408 DECEMBER
MAY L a— a/f’?'w 19.60 JANUARY
JULY SUMME (JINTE),
3 2 2K/
TIIYr == | | =
| ! N 1.2
: /(/ ‘.“fﬂ E : : = 1.4
L j_/ o . /( 0.8
i oo ‘ s| | AT
2 ///E_——r— . E 4 @ a8
v, i Sl T
: e
MONTHLY N v 2 T ot
SOLAR FRACTION T 2 ;
LT 8.39 20 3008 \ % 728 _ 3.0 78.00
4 3/7h)
STORAGE PARAMETER POTENTIAL SOLAR FRACTION
Whi(m2.%)

KEY for reading TABLE III
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SPRING-FALL
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8
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B/An TABLE IIL SYSTEM PERFORMANCE GRAPHS
For Reading Key See Page A-63
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8 QE/L 8 QE/L
P 1.2
v
g l/J 1.0 8 //( 1.2
o v o |/ |~ 1.0
////////’.Mﬁ——’— —4 0.8 //////// | 0.8
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SINUSOIDAL#9.2 SPRING_FALL
8 QE/L
8 -t
o] 1.2
2 A 10
o / /
g- // 0.8
- rd -
o —
g : ,/A/ el
8.8
- /f
o
E ; / ——_=¥F=— 0.4
""'8 | e )
[+ o
o‘-
8
o 0.2
8
%00 6.00 12.00  18.00  24.00 o
TIME OF DRY e
.00 6.00 26.00 30.00
TABLE III SYSTEM PERFORMANCE GRAPHS ¢ ' B/Ay
For Reading Eey See Page A-63
SUMMER WINTER
S QE/L 8 QE/L
1.2
g ) ‘/,'~ 1.0 g Vs 1.2
// - - 0.8 . /, 0.8
8 y7 l,/”’/ e // ]
o P | 6.6 i
l///// // // 1 oe
v P w 7 1
e Y4V
c‘ 0.4 o’ s G.4
o o
> 0.2 : 0.2
8 8
%'.00 10.00 20.00 30.00 “5.00 10.00 20.00 30.00
B/An B/Rn

A-65



SINUSOIDAL#9.3
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SINUSOIDAL#15.2
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