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ABSTRACT

Solar energy applications are receiving attention in Alaska as in
much of the rest of the country. Solar energy possibilities for Alaska
include domestic water heating, hot-water or hot-air collection for
space heating, and the use of passive solar heating in residential or
commercial buildings.

As a first analysis, this study concentrated on applying solar
energy to domestic hot-water heating needs (not space heating) in Alaska,
and an analysis of solar hot-water heating economics was performed using
the F-CHART solar energy simulation computer program. Results indicate
that solar energy cannot compete economically with oil-heated domestic
hot water at any of the five study locations in Alaska, but that it may
be economical in comparison with electrically heated hot water if solar
collector systems can be purchased and installed for $20 to $25 per
square foot.
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INTROOUCTION

Contrary to popular belief, the northern latitudes receive more
possible hours of sunlight in a year than do the tropics. In fact, at
the Arctic Circle there are 230 more hours of sunlight per year than at
the equator (Sater et al., 1971). Although interesting, this statistic
is of little consolation when one is interested in applying solar energy
to heating applications in Alaska and other areas of the far north.
Practical use of heat from the sun is a relatively new possibility for
the North, and its development is only beginning. The federal govern
ment, the state of Alaska, and many interested citizens and profes
sionals within Alaska have been curious for some time as to the possi
bilities of using solar energy in Alaska. This report assembles the
historical data available from five sites in Alaska: Annette Island,
Barrow, Bethel, Fairbanks, and Matanuska (see Fig. 1). Using this data,
several analyses were performed to evaluate the potential of appli
cations of solar energy to domestic water-heating. The analyses were
accomplished with the aid of computer simulations of these solar energy
systems using the data available from the five Alaskan sites. The
computer programs used will be described in further detail later in this
report.

The computer simulations also provide a means of economic evalu
ation of solar energy as an alternate form of energy. In this way, a
fair assessment can be made of the dollar value of solar energy systems
when compared to the present utility costs.

Solar energy applications consist of three types: 1) domestic hot
water heating, which refers only to hot-water supply heating, not space
heating; 2) active (pumped) solar space heating, which refers to the
heating of buildings using collectors; and 3) passive space heating, in
which the bUilding itself is designed to function as a collector without
pumping or auxiliary energy input.

1
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Fig. 1: MAP OF ALASKA SHOWING DATA ACQUISITION SITES.



HISTORICAL BACKGROUND AND INfORMATION

The solar radiation data acquisition sites in Alaska have varied
histories. The Annette Island station was established in July, 1949,
at approximately the same time data acquisition be9an at Fairbanks and
at Matanuska at the Palmer A9ricultural Experiment Station. The station
at Barrow was added in April, 1955, and the Bethel station began recording
data in October, 1958 (USWS, personal communication). These three
stations have since terminated data aquisition, mostly because of out
dated faulty equipment and lack of financial support. The Barrow site
ceased acquiring data in 1974, and Annette Island and Bethel stations
terminated recording solar insolation in 1975. Matanuska still acquires
hourly data using a strip chart recorder. Fairbanks is the only site
supported by the National Weather Service which is still acquiring data.
A new system was recently installed in Fairbanks in which solar radia
tion data is recorded directly onto cassette tapes. This new system
provides for easier copying and dissemination of the data and is also a
more accurate system.

Presently, and for the last few years, data acquisition at Barrow
has been supported by the Smithsonian Institution, and the data are
available through their operations.
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PRESENTLY AVAILABLE DATA

Normally, radiation measurements are made using a pyranometer or
radiometer mounted on a horizontal surface. The standard radiation
measurements are the intensity of the direct and diffuse components of
radiation impinging on the surface. The sum of these two main com
ponents of solar radiation is called the total global hemispheric radia
tion, and is often designated as H. This is the basic measurement which
is available from the Alaskan sites. The effect of cloudiness and
atmospheric conditions at each site can be indicated by taking the ratio
between the theoretically incident solar radiation on a horizontal
surface outside the earth's atmosphere, called Ho' and the total global
hemispheric radiation H. This factor KT is defined by that ratio:

R
T

= ELHo

The values of Hand RT are given in Table 1 on a monthly basis for each
site, along with the average monthly daytime temperature in degrees
Fahrenheit.

A comparison of the average solar radiation on a vertical south
facing surface at the five radiation sites in Alaska is shown in Table
2. Theoretical solar radiation calculated from the American Society of
Heating and Air Conditioning Engineers (ASHRAE) equation is given in a
tabular format in units of Btu-hr/ft2 for various collector tilts and
for the 21st day of each month in Tables 3 and 4. The insolation rates
are given on an hourly basis at 56°N and 64°N latitude and are not
adjusted for cloud cover. (Please see Appendix A for further expla
nation concerning the data formulated for these tables.)

A question often asked about solar collectors concerns their per
formance in cloudy weather. According to Dr. Gerd Wendler of the Geo
physical Institute of the University of Alaska, a conservative estimate
is that cloudy day-diffuse radiation intensity is approximately 40% of
that expected on a clear day.

The National Bureau of Standards has used real data in a way which
simulates the natural daily distribution of solar radiation. The mean
monthly solar radiation for each month on a horizontal surface has been
used as a basis upon which radiation on the eight primary vertical
directional surfaces was calculated (N, NE, E, SE, S, SW, W, NW) according

4



tABU:: 1
Insolation and Temperature Data for Five Alaskan Locations

Jan Feb r~ar Apr flay Jun Ju1 AU9 Sep Oct Nov Dec

Annette Island. Alaska--Latitude: 55°02'N; Elevation: 110 ft.

RI 236.2 428.4 883.4 1357.2 1634.7 1638.7 1632.1 1269.4 962 454.6 220.3 152
R 2 0.427 0.415 0.492 0.507 0.484 0.441 0.454 0.427 0.449 0.347 0.304 0.361t
t 3 38.5 37.5 39.7 44.4 51.0 56.2 58.6 59.8 54.8 48.2 41.9 37.4

0

Barrow. Alaska--Latitude: 71 0 20'N; Elevation: 22 ft.

R 13.3 143.2 713.3 1491. 5 1883 2055.3 1602.2 953.5 428.4 152.4 22.9
Rt -- 0.776 0.773 0.726 0.553 0.533 0.448 0.377 0.315 0.35

to • 13.2 - 15.9 - 12.7 2.1 20.5 35.4 41.6 40.0 31.7 18.6 2.6 - 8.6

Beth~l. Alaska--Latitude: 60'47'N: Elevation 125 ft.

on R 142.4 404.8 1052.4 1662.3 1711.8 1698.1 1401.8 938.7 755 430.6 164.9 83
Kt 0.536 0.557 0.704 0.675 0.519 0.458 0.398 0.336 0.406 0.432 0.399 0.459
t 9.2 11.6 14.2 29.4 42.7 55.5 56.9 54.8 47.4 33.7 19.0 9.4o •

Fairbanks, Alaska--Latitude: 64'49'N: Elevation 436 ft.

R 66 283.4 860.5 1481.2 1806.2 1970.8 1702.9 1247.6 699.6 323.6 104.1 20.3
Rt 0.639 0.556 0.674 0.647 0.546 0.529 0.485 0.463 0.419 0.416 0.47 0.458

to - 7.0 0.3 13.0 32.2 50.5 62.4 63.8 58.3 47.1 29.6 5.5 - 6.6

Matanuska. Alaska--Latitude: 61'30'N: Elevation; 180 ft.

R 119.2 34.5 -- 1327.6 1628.4 1727.6 1526.9 1169 737.3 373.8 142.8 56.4
Rt 0.513 0.503 -- 0.545 0.494 0.466 0.434 0.419 0.401 0.390 0.372 0.364

to 13.9 21. 0 27.4 38.6 50.3 57.6 60.1 58.1 50.2 37.7 22.9 13.9

lR = Monthly average daily total radiation on horizontal surface. Btu-day/ft2

2Kt = H/Ha• where Ho = solar radiation on a horizontal surface outside the earth's atmosphere, Btu-day/ft2

3t = average daytime temperature. OFo •
50URCE: Liu and Jordan, 1977, in ASHRAE, GRP170, Applications of Solar Energy for Heating and Coolin9 of Buildin9s.



TABLE 2
Vertical South-Facing Surface

Average Monthly Radi 2tion Data
Btu-day/ft

Annette Barrow* Bethel Fairbanks Matalluska

January 719 D 832 864 753

February 837 98 1224 1149 1034

March 1126 467 1892 1808

Apri 1 1119 995 1689 1679 1307

May 1001 1367 1176 1323 1126

June 901 1479 1021 1271 1052

July 936 1204 886 1158 980

August 915 618 715 1094 945

September 992 331 874 912 859

October 627 79.5 823 723 696

November 397 0 518 513 446

December 470 0 502 263 316

*Ca1cu1ated from R
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TABLE 3
Solar Position and Insolation Values for 56° North Latitude

DATE SOLAR lIME SOLAR POSITION BTUH SO. FT. TOTAL INSOLATION ON SURFACES DATE SOLAR TIME SOLAR POSIT 1011 BTUM SQ, FT. TOTAL INSOLATION 014 5u::1FACES

AM PH ACT "H SOUTH FACING SURFACE ANGLE wITH HORIZ, AM PH ACT "" soum fACItlG SURfACE At$U 1:I1'!li 001111.

NORMAL HORIl, 46 56 66 76 90 NORMAL HIlRIZ. 46 50 66 76 90
JAN 21 9 3 5.0 41.8 18 II 50 55 59 60 60 JUL 21 4 8 1.7 125.8 0 0 0 0 0 0 0

10 2 9.9 28.5 170 39 135 146 154 156 153 5 7 9.0 113.7 91 27 II 10 9 8 6
II I 12.9 14.5 207 58 183 197 206 208 201 6 6 17.0 101.9 169 72 30 18 16 l' 12

12 14.0 C.O 217 65 19B 114 222 225 217 7 5 25.3 B9.7 212 119 B8 74 sa 41 15
SURFACE Of! IlY TOTALS 1126 282 934 1010 105B 10711 lO4lf B 4 33.6 76.7 237 163 151 136 117 96 61

FEB 21 8 4 7.6 59.4 129 25 65 69 71 72 69 9 3 41.4 62.0 252 201 20S 193 173 147 106
9 3 14.2 45.9 214 65 151 159 162 161 151 10 2 48.2 44.6 261 230 254 239 217 lB9 1'2

10 2 19,11 31. 5 250 9B 215 225 22B 214 208 II 1 52.9 23.7 265 ,,8 283 268 205 216 165
II 1 12.8 16.1 266 119 254 265 26B 163 "3 12 54.6 0.0 267 254 293 27B 255 125 173

12 211,0 0.0 270 126 268 279 282 276 255 SURFACE DAILY TOTALS 3"0 2372 23" 2152 1926 1646 IIB6
SURFACE DAILY TOTALS 1986 740 1640 1716 1742 1116 159B AUG 21 5 7 2.0 109.2 1 0 0 0 0 0 0

HAR 21 7 5 B.3 77.5 12B 28 40 40 39 37 32 6 6 10.2 97.0 112 34 16 II 10 9 7
8 , 16.2 6Li.4 215 75 119 120 117 111 97 7 5 1B.5 B4.5 1B7 82 13 65 50· 45 2B
9 3 23.3 50.3 253 1lB 192 193 IB9 180 154 8 4 26.7 71.3 225 128 1'0 13l 119 lOll 7B

10 2 29.0 34.9 272 151 249 251 m 234 205 9 3 34.3 56.7 m 168 202 193 179 16D 126
II 1 32.7 17.9 2B2 172 285 288 282 26B 236 10 2 40.5 40.0 258 199 251 2/12 227 206 166

12 34.0 0.0 284 179 297 300 294 280 "6 II 1 44.8 20.9 264 21B 282 274 258 235 191
SURFACE 04,lY TOTALS 2586 1268 2066 20BlI 2040 1938 1700 12 46.3 0.0 266 225 293 285 269 "5 200

APR 21 5 7 1.4 108.8 0 0 0 0 0 0 0 SURFACE DAILY TOTALS 2850 1BB4 2218 2m 1966 176D 1392
6 6 9.6 96.5 122 32 14 9 B 7 6 5EP 21 7 5 B.3 77 .5 107 25 36 36 34 32 28
7 5 1B.0 84.1 201 81 74 66 57 '6 29 8 4 16.2 64.4 194 72 1ll 111 lOS 102 B9
8 4 26.1 70.9 239 129 143 135 123 lOB B2 9 3 23.3 50.3 233 114 1B1 182 17B 168 147
9 3 33.6 56.3 260 169 20S 200 186 167 133 10 . 2 29.0 34.9 253 146 236 237 232 221 193

10 2 39.9 39.7 272 201 259 251 236 214 174 II 1 32.7 17.9 263 166 271 273 267 254 223
II 1 qq,! 20.7 27B 220 292 284 268 205 280 12 34,0 0.0 266 173 283 285 279 265 233

12 45.6 0.0 2BO 127 303 295 279 255 209 SURFACE DAILY TOTALS 2368 1220 1950 1962 191B 1B20 1594
SURFACE DAILY TOTALS 3024 1891 22B2 21B6 2038 1830 1458 OCT 21 8 4 7.1 59.1 104 20 53 57 59 59 57

HAY 21 4 8 1.2 125.5 0 Q 0 0 0 0 0 9 3 13.8 45.7 193 60 138 145 148 147 138
5 7 B.5 m.4 93 25 10 9 B 7 6 10 2 19.0 31.3 231 92 201 210 213 210 191
6 6 16.5 101.5 175 71 28 17 15 13 11 11 I 12.3 16.0 248 112 2ilo 250 253 24B 230
7 5 24.8 89.3 219 119 88 74 58 41 16 12 23.5 0.0 253 119 253 2£3 266 261 241
8 , 33.1 76.3 2" 163 153 13B 119 98 63 SURFACE DAILY TOTALS 1804 68B 1516 1586 1612 1588 11180
9 3 40.9 61.6 259 201 212 197 176 151 109 HOV 21 9 3 5.2 41. 9 76 12 49 54 57 59 58

10 2 til .6 1111.2 268 231 259 244 222 194 146
:~ ; 10.0 28,5 165 39 132 143 149 151 148

11 1 52.3 23.0 173 "9 288 274 251 222 170 13.1 14.5 201 58 179 193 201 203 196
12 54.0 0.0 275 255 299 284 261 231 178 12 1'.2 0.0 2ll 65 194 209 217 219 2ll

SURFACE DAILY TOTALS 3340 2370 2374 218B 1962 1682 1218 SURFACE DAILY TOTALS 1094 284 914 986 1031 l0Il6 1016
JUH 21 4 8 4.2 127.2 21 4 2 2 1 2 I DEC 21 9 3 1.9 40.5 5 0 3 4 4 4 4

5 7 11.4 115.3 122 40 14 13 11 10 8 10 2 '.6 27.5 III 19 B6 95 101 104 ID3
6 6 19.3 103.6 IB5 86 3' 19 17 15 12 11 I 9.5 n,9 166 37 1'1 154 163 167 164
7 5 27.6 91.7 222 132 92 76 57 38 15 12 10.6 0.0 IBO 43 159 173 1B2 186 181
8 , 35.9 78.B 243 175 154 m 116 92 55 SURFACE DAILY TOTALS 748 156 610 678 716 734 m
9 3 43.B 64.1 257 212 2ll 193 170 143 98

10 1 50.7 46.4 265 240 255 238 214 184 133
11 1 55.6 24.9 269 258 284 267 142 210 156

12 57.5 0.0 271 264 294 276 251 219 16,
URFAC DAI Y TOTA 5 31138 562 2388 21&6 1910 1&0& 120

HOTE: 1) BASED OH DATA IH TABLE 1. pp JB7 in 1!l"72 ASHRAE HAHDBDD~ OF FUNDAMENTALS; Ot
GROUNU REnrcTAHcE; 1.0 CLEARNESS rACTOR.

Zl SEt fiG. 4. PI> 3'14 tn 1972 ASHAM HAHDBOOK or FtlNOAIIEHTALS FOR TYPICAL REGIONAL
ClEARNESS FAtTORS.

31 GROUND REFLECTION HOT 'NC"UOED ON NOM1AL OR HORIZONTAL SURFACES,
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TABLE 4
Solar Position and Insolation Values for 64° North Latitude

DATE SOLAR TIME SOLAR POSITION BTUH/SQ, FT, TOTAL INSOLATION ON SURFACES DATE SOLAR TlHE SOLAR POSITION BTUH/so. FT. TOTAL INSOLATIOIl ON SURFACES

'" eM ACT AZM SOUTH FACltiG SURFACE ANGLE wlTHHOIiJi. '" eM ALI ArM SOUTH FACING SUIiFACE AHGLE I1ITH.HORIZ.

NORMAL HORIZ. 54 54 74 84 90 NORMAL HORII. 54 54 74 84 90

JAN 21 10 2 2,8 28,1 22 2 17 19 20 20 20 JUL 21 4 8 6,4 125,J 5J lJ 6 5 5 4 4

11 1 5,2 lU 81 12 72 77 ao 81 81 5 7 12,1 112,4 128 44 14 lJ 11 10 9

12 6,0 0,0 100 16 91 9a 102 10J 10J 6 6 18,4 99,4 179 81 JO 17 16 lJ 12

SURFACE DAILY TOTALS 3Qf_ 45 268 290 302 J06 J04 7 5 25,0 86,0 211 118 86 72 56 J8 28

FEB 21 8 4 J,4 58.7 3, 4 17 19 19 19 19 8 4 JL4 71.8 2Jl 152 146 111 ]]J 91 77

9 3 8,6 4lj,8 W I 31 103 108 III 110 107 9 3 J7.l 56,J m 182 201 186 166 141 124

10 2 12,6 30,3 199 55 170 178 181 178 173 10 2 42,2 J9,2 25J 204 m 230 20B 181 162

11 1 15,1 15,3 222 71 212 220 223 219 213 11 1 45,4 20,2 257 218 273 258 2J6 207 187

1 16,0 0,0 228 77 225 2J5 2J7 232 226 12 46 6 0,0 259 22J 282 267 m 216 195

SURFACE DAILY TOTALS 1432 400 1230 1286 lJ02 1282 1252 SURFACE DAllY TOTALS 3372 2248 2280 2090 la54 1588 1400

MR 21 7 5 6,5 76,5 95 18 30 29 29 27 25 AUG 21 5 7 U lOB,8 29 6 J 3 2 2 2

8 4 20.7 62,6 185 54 101 102 99 94 89 6 6 11.0 95,5 123 J9 16 ]] 10 8 7

9 3 18,1 48,1 227 87 171 172 169 160 15J 7 5 17,6 81.9 181 77 69 61 52 42 J5

10 2 22.3 32J 249 112 227 229 m 2lJ 203 8 4 2J,9 67,8 m 113 1J2 12J 112 97 87

11 1 25,1 16,6 260 129 262 265 259 246 235 9 J 29,6 52,6 m 144 190 182 169 150 138

12 26,0 0,0 263 m m 277 271 258 246 10 2 J4,2 36.2 246 168 2J7 229 215 1'l4 179

SURFACE DAILY TOTALS 2296 932 1856 1870 1830 1736 656 ]] 1 37.2 18,5 252 18J 268 260 244 222 205

APR 21 5 7 4,0 I lOB,5 27 5 2 2 2 1 1 2 38,3 0,0 m 188 278 270 255 232 215

6 6 10,4 I 95,1 III 37 15 9 8 7 6 SURFACE DAILY TOTALS 2808 1546 2108 200a 1860 1662 1522

7 5 17,0 81.6 19'1 76 70 63 54 43 J7 5EP 21 7 5 6,5 76,5 77 16 25 25 24 23 11

8 4 23,J 67,5 228 112 lJ6 128 116 102 91 8 4 12J 72,6 16J 51 92 92 90 a5 al

9 3 29,0 52,; m 144 197 la9 176 158 145 9 J 18,1 48,1 206 aJ 159 159 156 W 141

10 2 33,5 J6,0 260 169 m 239 224 203 188 10 2 22,3 32J 229 108 212 213 209 198 189

11 1 J6,5 18,4 266 184 278 270 m m
;~~

11 1 25,1 16,6 240 m m 248 W 2;0 220

12 97,6 0,0 268 190, 2a9 281 266 243 26,0 0,0 244 129 258 260 254 241 230

SURFACE DAILY TOTALS 2982 1544 2176 2OB2 1936 1736 1594 f'7?6 08 1S3'

HAY 21 4 8 5,8 125,1 51 11 5 4 4 3 ; OCT 21 8 4 J,O 58.5 17 2 9 9 10 10 10

5 7 11.6 112,1 1J2 42 lJ ]] 10 9 8 9 3 8,1 4U 122 26 86 91 9J 92 90

6 6 17,9 99,1 la5 79 29 16 14 12 11 10 2 12,1 JO,2 176 50 152 159 161 159 155

7 5 24.5 85.7 218 117 86 72 56 J9 28 11 1 lU 15,2 201 65 193 201 203 200 295

8 4 30,9 71.5 2J9 152 1'Hl III 115 9'l 80 12 15,5 0,0 20B 71 207 215 217 21J 208

9 3 J6,8 56,1 252 182 204 190 170 145 128 SURFACE DAllY TOTALS 1238 J58 1088 llJ6 1152 1m ]]06

10 2 41.6 38,9 261 205 249 235 213 186 167 HOV 21 10 2 3,0 28,1 23 3 18 20 21 21 21

11 1 44,9 20,1 265 219 278 254 242 2ll 19J 11 1 5,4 ]4,2 79 12 70 76 79 80 79

12 46,0 0,0 267 224 288 m 251 222 201 12 6.2 0,0 97 17 89 96 100 101 100

SURFACE DAILY TOTALS 34iO 22J6 2312 2124 1898 162" 14J6 SURFACE OAllY ToTALS 302 ~6 266 286 298 J02 300

JUN 21 J 9 4,2 119," 21 " 2 2 2 2 1 DEC 21 11 1 I 1.8 lJ.7 4 0 3 4 4 4 4

4 8 9,0 126,4 93 27 10 9 8 7 6 ' 12 , 2,6 0,0 16 2 14 15 16 17 17

5 7 l~J 1ll,6 11'< 60 16 15 lJ 11 10 SURFACE DAILY TOTALS 24 2 20 22 2" 24 24

6 6 21.0 lPO,8 1'l4 96 J" 19 17 14 II
7 5 27 ,5 87.5 221 1J2 91 74 55 36 23
8 4 jIj,O 7J,3 239 166 150 llJ 112 R8 73
9 3 J9,9 57,8 251 195 204 187 154 ll7 119

10 2 44.9 40,4 258 217 m 230 206 177 157

11 1 "8,J 20,9 262 231 275 258 23J 202 181

12 49,5 0,0 26J 2J5 284 267 242 211 189
SURFACE OAILY TOTALS 3650 2488 2m 2118 1862 1558 1156

NOTE: I) BASED ON DAft IN TABLE 1, pp 3D7 111 1972 ASHRAE HANDBOOK OF fUNDAMENTALS; 01
GROUND REFLECTANCE; i.D CLHRNESS FACTOR.

1) SEE FIG • .t, pp 394 III 1971 ASHRAE HANDBOOK OF FUNDAHEKTALS FOR TYPICAL REGIONAL
ClEARN[$S FACTOIlS.

J) GROUIWREFl.~CTlOII IlDJ~ INCLUDED ON NORMAL DR IlDlllZONJAl SURFACES,



to the method of Liu and Jordan (1977), The daily sum of this cal
culated radiation was then distributed over the hours of the day according
to the aspect, i.e. in the summer in Alaska the northeast slope has a
radiation maximum at 7 a.m., the northwest slope maximum occurs at 5

p.m., etc. This table of radiation data (in Btu-hr/ft2 on a vertical or
horizontal unit surface area) is included in Appendix S of this report.

Averaged weekly data for the radiation site at Barrow, Alaska is
available from Baker and Klink (1975). The data is given in langleys
per day (.271 Btu-day/ft2) and is based on the period of record from
1952 to 1975.

Data used for the program for initial studies of passive solar
heating, the transient systems simulation program, TRNSYS, was obtained
from the NBS Building Science series Publication No. 96 entitled "Hourly
Solar Radiation Data for Vertical and Horizontal Surfaces on Average
Days in the United States and Canada" (1977). The National Bureau of
Standards solar radiation data referred to here was calculated by using
theoretical solar radiation equations and average measured solar radia
tion data to generate the average hourly solar radiation values incident
on vertical surfaces oriented in the eight primary directions (S, SW, W,
NW, N, NE, E, SE), as well as the horizontal surface. The averaged
solar radiation data on a horizontal surface was punched onto data cards
and then converted to tapes to simplify data access. (This data is
public information and is available for use. Contact the Institute of
Water Resources, or the Department of Mechanical Engineering, University
of Alaska, Fairbanks, for details.)

The TRNSYS computer program was developed' at the University of
Wisconsin as an hourly, accurate simulation tool for predicting the
performance of solar "energy systems of many types. Because it is an
hourly simulation it is very expensive to use. Consequently the Uni
versity of Wisconsin developed charts, called "F" charts to correlate
the TRNSYS performance estimates with the estimates given by simulations
which used averaged monthly data. This process resulted in the F-CHART
solar energy program which is easier and less expensive to use, and it
is the major tool used in this assessment.

9



There is also evidence that within the next year, because of the.
increasing emphasis on the use of solar energy in buildings, much of the

solar radiation data for Alaska will be rehabilitated and additional
data will be collected. The National Climatic Center (NCC), National
Oceanographic and Atmospheric Administration, Asheville, N. C., has
assured the authors of this report that, within one year, solar radia
tion data from Alaska will be available on tapes in Fortran compatible
format from the NCC.
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F-CHART COMPUTER SIMULATIONS

Solar Collector Specifications Used in F-Chart Simulations

Flat-plate solar collectors (Figure 2) are usually designed with
one or two glazings covering a blackened metal plate which acts as an
absorber and to which tubes or pipes are connected with a good, thermally
conductive bond. A fluid, either water or an antifreeze solution, is
pumped through the collector, and as it passes through, it absorbs heat.
The back and sides of the solar flat-plate collector are usually well
insulated to reduce heat loss. At least one and, in cold climates, two
transparent coverplates cover the surface of the flat-plate collector
with a 3/4- to l-inch separation between them and function in the same
way that a glass greenhouse does. Glass is transparent (~80-90%) to
incoming solar beam and diffuse radiation but is nearly opaque to longer
wavelength thermal infrared radiation, which, because it is trapped as
in a greenhouse, enhances the heating of the collector surface.

There are other types of collectors available, including focusing
types and evacuated-tube co11 ectors, but these wi 11 not be di scussed in
detail since they involve more complex applications, such as industrial
uses.

The collector specifications used in the F-CHART simulations are
conservative values based on the Lennox brand, commercially available
solar collector manufactured by Honeywell, Inc. This is a typical solar
collector representative of many commercially available models. Its choice
in these sinlu1ations is an arbitrary one and is not to be construed as
an endorsement. The specifications for a Lennox solar collector model
LSC18-1 are given below.

Specifications:
Collector Model Number - Double Glass Cover LSC18-1
Nominal Collector Area - 18 sq. ft.
Effective Absorber Area - 15.4 sq. ft.
Ratio of Usable Absorber Area to Total Surface Covered - 86%
Glass Cover(s):

lI8-in. Thick
Tempered, Low Iron, Clear
Transmittance - .96

11



TRANSPARENT COVER PLATE
PASSES SUNLIGHT BUT
TRAPS HEAT AS A
GREENHOUSE DOES

BLACKENED
ABSORBER PLATE
HEATED BY SUN

FLUID IN

COLLECTOR
HOUSING

INSULATION
KEEPS HEAT IN

FLOW PASSAGES WHERE
FLUID IS HEATED

Fig. 2: A SCHEMATIC VIEW OF A TYPICAL FLAT-PLATE SOLAR COLLECTOR.
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Absorber Coating - Black Chrome on Bright Nickel:
Absorptivity - .94
Emissivity - .10
Stable to 850°F

Absorber Construction:
Steel Plate
Copper Flow Tubes - (10) lj4 in o.d. {.194 in. id.l
Tube Spacing - 3 in. on Center
Tube Pattern - "Z" Flow
Manifold - 1-1/8 in. o.d. (1.079 in. i.d.)
Tube Connections to Manifold: ASTM BCuP-3 Brazing Material
Bond Between Tubes &Steel Plate - 95-5 Solder
Piping Connections (inletNoutlet) - 3/8-18 fpt (federal

pi pe thread)
Manifolds &Tubes Pressure Tested: To 150 psig (pounds

per square inch gauge) Working Pressure
Recommended Flow Rate through Collector - .3 to .7 gpm
Collector Fluid Capacity - .3 gal.
Collector Fluid (50-50 Dowtherm SR-l or Equivalent): SR-l Data:

Density - 1.045 g/ml (at 160°F)
Viscosity - 1.4 centipoise (at 160°F)
Thermal Conductivity - 0.23 Btu/lb-oF (at 160°F)
Specific Heat - 0.85 Btu/lb-oF (at 160°F)
Boiling Point - 232°F
Freezing Point - -34°F

Insulation - Semirigid Fiberglass Board:
Density - 3.0 lb/ft3
Thermal Conductivity - 0.28 Btu in./hr-ft2 (at 200°F) (R=12.5)
Specific Heat - 16 Btu/lb of
Maximum Temperature - 550°F (without outgassing)

Collector Shipping Weight (lbs.) - (l Package)
LSC18-1 - 170

Collector Net Weight {lbs.l
LSC18-1 - 150

The physical parameters listed here determine the performance of
the collector such that the efficiency is dependent on several factors
including incident solar radiation, ambient temperature, and collector
fluid inlet temperature. The efficiency is commonly in the range of 40
70%.
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Results of F-Chart Computer Simulations

There are essentially two ways to assess the feasibility of solar

energy systems. The first and most direct way is simply to purchase
solar collectors, monitor their long-term performance corresponding to
the incident solar radiation, and report upon the results. A second,
more expedient method is to use computer simulation programs to model

the thermal and economic performance of solar energy applications.
Since this study provided neither the time nor the resources for a test
of collector-system performance, the computer simulation technique was
chosen to assess the solar energy resource potential in Alaska.

F-CHART, a computer solar simulation design program developed at
the University of Wisconsin Solar Energy Laboratory, was purchased by
the Institute of Water Resources and Department of Mechanical Engi
neering for this project. It has been designed to simulate the long
term performance of solar domestic or commercial water-heating systems
using average monthly solar radiation data and the system specifications
supplied by the program user. In addition to providing an estimate of
the average percentage of the hot water or space-heating load provided
by a solar energy system, F-CHART is capable of supplying an economic
optimization of a hybrid solar/conventional hot water or heating system.
By comparing the cost per square foot of the collector and storage tank
against interest rate, mortgage term, and the cost of the conventional
fuel (among other economic factors), the program will suggest an optimum
economic size for a solar collector at each location of interest. The
program is not difficult to use and is easy to run from a remote computer
terminal. It is public information and available on the University of
Alaska's computer system for the cost of computer time.

In this study, the optimization of solar energy systems for heating
domestic water was the area of concentration. The rationale for this
attention to water heating is that hot water is needed year around in
contrast to space heating, and if an economic analysis indicates that
this application is viable at a site in Alaska, other uses for solar

energy might also be worth pursuing. Water heating was also felt to be
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the most likely "first application" of solar energy in a residential or
commercial building because of the system's availability and relatively

low first cost.
To perform an up~to-date economic analysis for each of the areas of

Alaska at which solar radiation is measured, it was necessary to survey

public utilities in Alaska to get their current electric rates, and oil
and natural gas prices. Most electricity rates in Alaska are declining
block rates, which means that electricity gets cheaper as more is used.
To equalize the cost of electricity for a comparison with solar col
lector-supplied heat in a simulation, the cost of 1000 kwh of electricity
was determined and then divided by 1000 kwh to yield a fair "average"
cost per kilowatt hour. Each of the utility rates is given in terms of
the cost of one million Btus of heat since this is the unit of comparison
in the F-CHART simulation. (One million Btus equals 292.9 kwh.) The
following chart (Table 5) lists the parameters used in the F-CHART
evaluation of solar hot-water heating in Fairbanks, Alaska. All the
parameters used are an accurate reflection or a best estimate of the
factors which presently prevail in Fairbanks and are conservative. The
evaluation is based on monthly average solar radiation data, a cost of
solar collectors at $15.50/ft2, calculated on a 20-year mortgage base,
for a demand of 100 gallons per day delivered at 140°F.

In addition to these basic factors, the physical performance of the
collector can be modeled (items 1-7, Table 5), the heating and hot water
load can be varied, as well as the inlet supply temperature and the
temperature of delivered hot water (items 8-14). The simulation can
allow for performance degradation due to corrosion (item 19). Solar
energy system fixed costs, such as installation, pumps, and plumbing, as
well as the collector area~associated costs can be adjusted by the user
(items 21-22). The cost of present fuels used for the various types of
heating is the basis upon which the F-CHART program optimizes the contri
bution and cost of a solar energy alternative. Most of the other factors
are economic and can also be adjusted by the user (Table 5). The F
CHART program includes its own instructions and is used through a series
of question and answer interchanges between the user and the program.
All of the simulations which follow use the same data as in Table 5
except of course for location (item 15), groundwater temperature (item

15



TABLE 5
F-CHART Solar Simulation Parameters for Fairbanks, Alaska

Code Variable Description Value Units

%

FT2

BTU/H-F-F2

GAL/DAY
F
F

%
$/MILLION BTU

%/YR
YEARS
$/FT2 COLL
$
%
%
YEARS
%
%
%
$/MILLION BTU

DEGREES
DEGREES
BTU/F-FT2
BTU/HR-F
BTU/DAY

2.00
162.00

0.70
0.83
2.00

64.00
0.00

15.00
O.
O.
2.00

100.00
140.00
37.00
49.00
1.00
1.00
1.00
O.

20.00
15.50

1000.00
10.00
8.00

20.00
8.00
1.00
6.00

14.60
1.00

10.00
14.60
1.00

10.00
2.00

35.00 %
2.00 %
6.00 %
2.00
O.
2.00

1 AIR SYSTEM = 1, LIQUID SYSTEM = 2
2 COLLECTOR AREA
3 FRPRIME-TAU-ALPHA PRODUCT (NORMAL INCIDENCE)
4 FRPRIME-UL PRODUCT
5 NUMBER OF TRANSPARENT COVERS
6 COLLECTOR SLOPE
7 AZIMUTH ANGLE (E.G. SOUTH = 0, WEST = 90)
8 STORAGE CAPACITY
9 EFFECTIVE BUILDING UA

10 CONSTANT DAILY BLDG HEAT GENERATION
11 (EPSILON) (CMIN)/(EFFECTIVE BUILDING UA)
12 HOT WATER USAGE
13 WATER SET TEMPERATURE
14 WATER MAIN TEMPERATURE
15 CITY CALL NUMBER
16 THERMAL PRINT OUT BY MONTH = 1, BY YEAR = 2
17 ECONOMIC ANALYSIS? YES = 1, NO = 2
18 USE OPTMZD. COLLECTOR AREA = 1, SPECFD. AREA = 2
19 SOLAR SYSTEM THERMAL PERFORMANCE DEGRADATION
20 PERIOD OF THE ECONOMIC ANALYSIS
21 COLLECTOR AREA DEPENDENT SYSTEM COSTS
22 CONSTANT SOLAR COSTS
23 DOWN PAYMENT (% OF ORIGINAL INVESTMENT)
24 ANNUAL INTEREST RATE ON MORTGAGE
25 TERM OF MORTGAGE
26 ANNUAL NOMINAL (MARKET) DISCOUNT RATE
27 EXTRA INSUR., MAINT. IN YEAR 1(% OF ORIGN. INV.)
28 ANNUAL %INCREASE IN ABOVE EXPENSES
29 PRESENT COST OF SOLAR BACKUP FUEL (BF)
30 SF RISE: %/YEAR = 1, SEQUENCE OF VALUES = 2
31 IF 1, WHAT IS THE ANNUAL RATE OF BF RISE
32 PRESENT COST OF CONVENTIONAL FUEL (CF)
33 CF RISE: %/YR = 1, SEQUENCE OF VALUES = 2 .
34 IF 1, WHAT IS THE ANNUAL RATE OF CF ROSE
35 ECONOMIC PRINT OUT BY YEAR =1, CUMULATIVE =2
35 EFFECTIVE FEDERAL-STATE INCOME TAX RATE
37 TRUE PROP. TAX RATE PER $ OF ORIGINAL INVEST.
38 ANNUAL %INCREASE IN PROPERTY TAX RATE
39 CALC. RT. OF RETURN ON SOLAR INVTMT? YES = 1, NO = 2
40 SALVAGE VALUE (% OF ORIGINAL INVESTMENT)
41 INCOME PRODUCING BUILDING? YES = 1, NO = 2
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14), and the cost of the back-up electrical energy (items 29 and 32),

which varies widely within Alaska. The F-CHART program utilizes stan
dard economic evaluation techniques, and based on a 20-year mortgage at
8% annual interest, the program calculates the following economic factors
as an evaluation of the solar option:

1. Optimized collector area: F-CHART optimizes the size of the
solar flat-plate collectors as a function of the domestic hot
water demand and the cost of heating that water with an electric
hot-water heater as a back-up system.

2. Initial cost of the solar system: This is the total initial
capital cost of buying and installing a solar hot-water system,
based on reasonable estimates. It includes $1,000 fixed costs
for plumbing, connectors, and labor, plus the area-associated
collector costs ($lS.SO/ft2).

3. Annual mortgage payment for 20 years: This figure is the
amount by which an annual mortgage payment would be increased
to pay for the solar hot-water system.

4. Discounted rate of return on the solar investment: This is
the "interest rate" at which the solar hot-water system invest
ment pays for itself in savings, without considering the loss
due to the inflation of the value of the investment.

5. Discounted pay-back period: The time period in which the
solar hot-water system will pay for itself, without consid
ering inflation or financing costs.

6. Years until cumulative savings equals the mortgage plus prin
ciple: This is somewhat self-explan~tory. It is the amount
of time required for the solar hot-water system's saving to
equal the cost of financing it for twenty years.

7. Present worth of yearly total costs with solar: The cumula
tive 20-year cost of purchasing and maintaining a solar hot
water system.

8. Present worth of yearly system costs without solar: The
integrated 20-year cumulative costs of purchasing, operating,
and maintaining a standard electric hot-water heating system.

17



9. Present worth of solar savings: The cumulative savings over
20 years of using solar energy versus an electric hot-water
heating system.

These factors are listed as an evaluation of solar domestic hot-water
heating in the F-CHART simulation section for each of the Alaskan locations
in the following section.

Results of F-Chart Simulations by Location

Annette Island, Alaska. Annette Island is one of the southernmost
islands of the Alexander Archipelago in Southeast Alaska (see Figure 1).
It's climate is very wet and cloud cover is frequent. A large per
centage of the incident solar radiation is diffuse. For a comparison of
solar energy costs, two prices for electricity as a back-up fuel were
used. The price in Metlakatla, the major village on Annette Island, is
$9.78 per million Btus; the Ketchikan Public Utilities price, is $11.19
for a million Btus equivalent of electricity. Solar energy is not
competitive with oil-fired hot water systems in Southeast Alaska where
oil costs are in the range of 43 to 52 cents per gallon.

A plot of the contribution solar energy can economically provide in
an average year in Ketchikan is shown in Figure 3. Ketchikan is shown
first since it is the major population center near Annette Island. The
F-CHART system uses real average monthly radiation data for each site,
so the effect of cloud cover is an integral part of the simulation.
This is very likely the reason for the lower solar contribution in June
for Annette Island as compared to May and July. Using the solar radia
tion data from Annette Island, the economic pay-back period and present
worth of a solar hot-water heater in Ketchikan was calculated and is
shown below.

Optimized collector area = 162 ft2
Initial cost of solar system = $3511
Annual mortgage payment for 20 years = $322
Discounted rate of return on the solar investment = 17.2%
Discounted pay-back period (yr) = 13
Yrs until cumulative savings = mortgage + principal = 15
Present worth of yearly total costs with solar = $6811
Present worth of yearly total costs wlo solar = $7916
Present worth of cumulative solar savings = $1105

18



10

100

o
NOVEMBERD-EPT'EMDER OCTOBERAUGUSTJULYJUtilE:

OPTIMUM COLLECTOR AREA' 162 FT.' (LENNOX COMMERCIAL COLLECTOR
SPECIFICATIONS)

F"CHART COMPUTER SIMULATION USING AVERAGE MONTHLY SOLAR RAD. DATA

100 GAL/DAY HOT WATER USE. 140°F. HOT WATER DELIVERY TEMP.

55° COLLECTOR TILT

MAYAPRIL.MARCHFEBRUARYJANUARY

ENERGY % SUPPLIED BY ELECTRICITY

ENERGY % SUPPLIED BY SOLAR COLL.
(ANNUAL SOLAR PERCENTAGE' 65.9 %)

70

50

40

80

60

30

90

-

...
z
UJ
u 20
0:
UJ

""

'"z;::
<[
UJ
:r
0:
UJ

i
~
o
:r
0:

~

>

'"0:
UJ
Z
UJ

'0

Fig. 3: ANNETTE, ALASKA (55°0Z'N. )(KETCHIKAN ELECTRIC RATE =$11.71 MMBTU)



A comparison of the economic pay-back period and present worth
value for Metlakatla are shown below.

Optimized collector area = 126 ft 2
Initial cost of solar system = $2953
Annual mortgage payment for 20 years = $271
Discounted rate of return on the solar investment = 11.0%
Discounted pay-back period (yr) = 18
Yrs until cumulative savings = mortgage + principle = 19
Present worth of yearly total costs with solar = $6317
Present worth of yearly total costs wlo solar = $6611
Present worth of cumulative solar savings = $294

Barrow, Alaska. Barrow, Alaska is an anomaly in energy economics.
Electricity costs in Barrow are the highest encountered in this study-
11.8¢ kwh or $34.56 per million Btus. However, very inexpensive natural
gas is also available (20¢/103ft3 or 28.5¢ per million Btus). The North
Slope Borough has an interest in an economic hot-water supply, since many
new structures will be connected with uti1idors requiring service hot
water. Figure 4 shows the percentage of heat supplied by an economically
optimum solar hot water system for Barrow. The economic analysis for
this system, which uses an electric back-up unit, is shown below.

Optimized collector area = 216 ft2
Initial cost of solar system = $4348
Annual mortgage payment for 20 years = $399
Discounted rate of return on the solar investment = 69.1%
Discounted pay-back period (yr) = 2
Yrs until cumulative savings = mortgage + principle = 6
Present worth of yearly total costs with solar = $14,666
Present worth of yearly total costs wlo solar = $25,230
Present worth of cumulative solar savings = $10,564

Bethel, Alaska. Bethel, Alaska, on the Kuskokwim River in South
west Alaska, is in the transitional climatic area between arctic and
continental climates. Electricity costs here are very high (1O¢ per kwh
or $29.29 per million Btus). Oil is relatively inexpensive, and at 53
to 56¢ per gallon, is less costly than at Fairbanks. Solar is not
competitive with oil-fired hot-water systems in Bethel, but if elec
tricity is used to heat hot water, solar hot water in Bethel has a
discounted pay-back period of 3 years. The contributed solar heat to
the hot water load is shown in Figure 5, and the economic data is shown
below.
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Optimized collector area = 324 ft2
Initial cost of solar system = $6022
Annual mortgage payment for 20 years = $552
Discounted rate of return on the solar investment = 63.6%
Discounted pay-back period (yr) = 3
Yrs until cumulative savings = mortgage + principle = 8
Present worth of yearly total costs with solar = $9846
Present worth of yearly total costs wlo solar = $20,393
Present worth of cumulative solar savings = $10,547

Fairbanks, Alaska. Fairbanks is the major city of interior Alaska,
a region of subarctic continental climate, with short, relatively warm,
summers and long, cold winters. Electricity is expensive in Fairbanks,
averaging nearly 5¢ per kwh or $14.60 per million Btus. Oil, at an
average price of 57¢ per gallon is at the break-even price compared to
solar hot-water systems, since the pay-back period for solar systems
compared to oil-fired systems is 19 years of a 20-year mortgage. This
is at a collector area-associated cost of $15.50 per ft2 plus $1,000 in
initial fixed costs.

Many Fairbanksans heat domestic water electrically, and solar
energy is competitive with electrically heated hot water in Fairbanks,
given the associated costs per square foot of collector ($20-25/ft2

total system costs). The contribution of solar heat to an optimum size
(for Fairbanks) system is shown in Figure 6. The economic analysis for
this optimum system is shown below.

Optimized collector area = 162 ft2
Initial cost of solar system = $3511
Annual mortgage payment for 20 years = $322
Discounted rate of return = 34.~~

Discounted pay-back period (yr) = 7 .
Yrs until cumulative savings = mortgage + principle = 11
Present worth of yearly total costs with solar =$7177
Present worth of yearly total costs wlo solar = $10,165
Present worth of cumulative solar savings = $2989

Matanuska, Alaska. The Matanuska solar radiation data is acquired
at the Palmer Agricultural Experiment Station. This is the only source
of data available for the state's major population area. For this
reason two analyses were done--one using the Matanuska Electric Asso
ciation (MEA) electrical rates and the other using Anchorage Municipal
Light and Power rates for electricity. The MEA rates average 3.72¢ per
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kwh or $10.89 per mi 11 ion Btus. In Anchorage, based as a1ways on 1000
kwh use per month, the cost averages 3. 12¢ per kwh or $9.13 per mill ion

Btus.
The pay back and present worth of a solar energy system in economic

competition with electrically heated hot water depends mostly on the
cost of electricity. In the Matanuska Valley, solar energy for hot
water heating is economical with a pay back of 12 years. In Anchorage,
the economic situation is not yet favorable to solar ener9Y systems, as
the electric rates are at about the break-even point, and a solar hot
water heating system would pay back in 19 years of a 20-year mortgage.

Figure 7 shows the monthly solar contribution to hot-water heating of an
economically optimum system for the Matanuska Valley. Shown below is
the economic analysis of solar hot-water heating for the cases of the

MEA-Matanuska Valley and municipal Anchorage respectively.

Optimi zed collector area = 144 ft2
Initial cost of solar system = $3232
Annual mortgage payment for 20 years = $296
Discounted rate of return on the solar investment = 19.0%
Discounted pay-back period (yr) = 12 '
Yrs until cumulative savings = mortgage + principle = 15
Present worth of yearly total costs with solar = $6770
Present worth of yearly total costs wlo solar = $8000
Present worth of cumulative solar savin9s = $1230.

Optimized collector area = 126 ft2
Initial cost of solar system = $2953
Annual mortgage payment for 20 years = $271
Discounted rate of return on the solar investment = 9.2%
Discounted pay-back period (yr) = 19
Present worth of yearly total costs with solar = $6236
Present worth of yearly total costs wlo solar = $6350
Present worth of cumulative solar savings = $114
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GENERAL ECONOMIC ANALYSES

In order to indicate the interrelationships between the unit-area
collector costs, cost of electricity, and the discounted pay-back period
as economic factors in the use of solar energy, two plots of these
relationships were made for solar hot-water systems using F-CHART. The
first (Figure 8) is a plot of the curves for optimized collector area at
various unit-area collector costs in Fairbanks. The second (Figure 9)
is a plot of the relationships using a fixed collector size instead of
the optimum size and is relevant for all the sites in Alaska. Fairbanks
is used as the example in the economic analysis for two reasons: (1)
Fairbanks has a more favorable economic picture for the use of solar
energy, and (2) except for the cost of power in other areas of the
state, economic determinants are similar. It is important to point out
that in all five areas of the state where comparisons were made, solar
energy does not compete economically with oil unless collector costs are
less than $15 per ft2.
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THE LEVEL OF SOLAR DEVELOPMENT IN ALASKA

Because of climatic constraints, Alaska is often assumed to have
little potential for solar~heating applications. However, individual
Alaskans are very interested in building energy~efficient homes, energy
conservation, and in simply saving money. Consequently a few citizens
in Alaska have built solar collectors, or are designing or building
solar homes or greenhouses. However, solar energy development in Alaska
is not significant enough to make any impact on energy use or public
energy policy to date.

Alaska has, however, an interesting and unique economic situation
which may serve to enhance the appeal of solar energy hot water or space
heating systems. This is due simply to the costs of conventional fuels,
both in the cities and in the bush. Solar energy systems at $20 to $25
per square foot, total initial cost, are competitive with electricity
for hot-water heating in nearly all areas of Alaska, even though they
cannot provide 100 per cent of the heating needs. For this reason,
solar energy deserves wider public exposure and experience.

As to further incentives for solar energy use, the U. S. Department
of Housing and Urban Development has recently published a listing of
possible federal financial incentives to expand the residential market
for solar energy systems. In a six-month study (RVPI, Inc., report to
HUD, July, 1977) that emphasized applications to single homes, the
following list of major findings and recommendations were submitted:

1. Federal incentives can work to increase the rate of growth of
the residential solar market substantially, if provided at
subsidy levels above the thresholds required to elicit signifi
cant consumer response. Estimated response to major incentive
options at varying subsidy levels are compared in the body of
the report.

2. Front-end subsidies (tax credit or rebate/grant type programs)
appear more desirable than loan programs. Front-end incen
tives should have a significantly greater market impact than
loans on the market for solar domestic hot water systems, the
solar application with the most immediate potential for resi
dential use. Government loan programs, particularly at the
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small dollar amounts required for hot water systems, have
transaction costs and administrative complexities that make a
loan approach likely to be unworkable in practice.

3. A grant approach which prOVides "rebates" upon application by
solar purchasers appears preferable to a tax credit in light
of its potentially greater market impact and the degree of
administrative control desirable given the solar state-of-the
art today.

4. Broad-based financial incentives might best be limited at the
outset of solar water-heating systems, which are at a more
advanced stage of commercialization, easier to certify, and
involve substantially less cost and risk for homeowners than
solar space-heating systems. Support for solar heating (and
cooling) could be continued through demonstration programs,
assuring greater geographic distribution.

5. The design of system certification procedures to assure ade
quate standards for solar components, and possibly for instal
lation, may prove as critical to the success of an incentive
program as the specific type of financial support made available.

6. Skewing benefits toward lower income households appears
inappropriate at this time, given the risk still inherent in
the use of solar technologies and the availability of more
proven means to help relieve the hardship imposed on the poor
by rising energy costs. Conversely, concern with extending
subsidies to more affluent households may be out of place in
the context of a program encouraging homeowners to "pioneer" a
new technology.

7. Steps might be taken to ensure that purchasers of new solar
homes are not penalized by credit standards that exclude
consideration of energy costs and savings, and that they are
able to finance a normal portion of their solar investment as
part of their mortgage loan.

8. An incentive capable of inducing any significant degree of
solar use in multifamily rental housing would require an
unprecedented and, most likely, politically unacceptable level
of subsidy.
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The Congress has yet to agree on the final form of energy legis
lation which would involve any financial incentives for homeowners who
install solar energy systems (as of January, 1978). Hopefully when
something is finally accepted at the federal level, the public infor
mation necessary to take advantage of the incentives will be forth
coming.

For a larger overview of the perspectives and problems of solar
access and the law, the reader is referred to the most recent treatise
on the subject entitled "Barriers to Solar Heating and Cooling of
Buildings" (Environmental Law Institute, 1977).
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LEGAL ASPECTS OF SOLAR ENERGY IN ALASKA

At present, the only law on the books concerned with solar energy
is a tax credit law presently in litigation. The credit allows 10 per
cent of a capital expenditure (or $200 maximum) of the cost of instal
ling any nonfossil fuel source of power in a domestic building. Retro
fitting a home with insulation is also included in this tax credit. The
uncertain status of the law makes this an empty incentive at present.
At best it is not substantial enough to give much incentive to solar
hot- water installations. Since, in our calculations, an optimum solar
hot water-heating system would cost in the range of $3500 to $4000 in
Fairbanks, $200 is only 5 per cent of the cost--probably not enough to
change anyone's mind about trying a new technology.

Another problem commonly discussed with reference to solar energy
systems is that of easement, sun rights, and protection from foliage
shadowing. Commonly referred to as "sun rights", this concept is
analogous to right-of-way easements in real estate. The state of Alaska
has no sun rights laws, as the question has not yet arisen. However,
anyone making a $3500 to $4000 investment would do well to ensure that a
10-story highrise apartment is not planned for the block just south of
him. These questions and legal problems are not trivial and are magni
fied by the lower sun angles in the high latitudes. It is much easier
to block a February sun which is only 18° above the horizon in Fairbanks
than the same sun 48° above the horizon on the same day in Los Angeles.
Certain concessions have to be made to the natural constraints of the
northern solar geometry.
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CONCLUSIONS FROM THIS STUDY

1. The re-establishment of solar energy data acquisition at
Annette, Barrow, and Bethel should be accomplished, as these stations
have 20 or more years of historical data. As attention to solar energy
becomes more widespread this data base will become more valuable with
time. Lost data is lost forever. It is ironic that these stations were
shutdown just as interest in solar energy began to increase. The
National Weather Service or the Department of Energy should fund these
stations.

Recently the Department of Energy awarded the University of Alaska's
Geophysical Institute a grant to develop and maintain a precision solar
radiation monitoring station. Unfortunately only one such installation
will be made and it will be made in Fairbanks.

Optimally small solar radiation measurement stations should be
placed at many locations in Alaska in order to establish a data grid.

2. The time and resources provided in this study were not adequate
to do a thorough assessment of solar passive space heating applied to
Alaskan architecture. This use of solar energy may be the most esthet
ically acceptable and reliable application, and it deserves further
detailed study.

3. Solar energy for heating hot water compares favorably in cost
with electrically heated hot water in most areas of the state. In
Metlakatla, which has the least expensive electrical power in the state
of the areas studied, solar energy has a present worth of $294, and a
payback period of 18 years of a 20-year mortgage. The economic appeal
of solar energy becomes more apparent the farther north in the state of
Alaska one travels. This is primarily, but not entirely, due to the
fuel transportation costs in the northern, more remote, areas of the
state. In Barrow, a solar-heated hot-water system, when compared with
an electric one, looks quite appealing. The pay-back period is two
years and the present worth is $10,564. Note that the optimum collector
area in Barrow is less than that at Bethel (216 ft2 vs. 324 ft2), even
though Barrow's electricity costs more. This is because of the period
in Barrow when the sun is below the horizon, so that the collection of
solar energy is not optimized for the winter period.
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Since many Fairbanksans heat their hot water electrically, solar
energy is to their economic benefit now, if the collector cost can be
kept to $20 to $25 per square foot. Commercial list prices at the
present in Fairbanks are higher than this range. Solar-heated hot water
does not compete economically with that heated with oil anywhere in
Alaska.

4. General economic analyses (Figures 8 and 9) show that as elec
trical costs approach 9¢ per kwh, solar energy for heating hot water has
a reasonable pay-back period even if solar energy systems were to cost
$50 per square foot.

5. Public responses to this study have been numerous and demon
strate a strong interest in solar energy from the general public and
from the busi nesses and people who were po11 ed in the survey (see Appendi x
C). Fifteen of 23 commercial companies surveyed said they wanted to be
involved in marketing solar equipment but were cautious because they
felt they needed more economic information.

6. The main deterrents to solar energy were surveyed as well in
the above study. The major deterrents to solar energy development in
Alaska were described by those surveyed as follows: the high cost of
solar equipment,the lack of solar energy, the lack of relevant and
detailed information, and the lack of experience with solar energy
applications in Alaska.

7. This preliminary study did not attempt to validate or justify
the use of solar energy on any but economic grounds. Social and envi
ronmental justifications for substituting solar resources for fossil
fuels have not been discussed, but do deserve more attention. The
choice of solar energy technologies for the home can be as much a
philosophical and personal choice as an economic one. Often those
individuals who have already chosen to use solar energy have built their
own systems and have not given cost a high priority in their decision.
Social values such as patriotism, self-reliance, a desire for inde
pendence, frugality, and concern for the environmental effects of fossil
fuel use may be very significant in the development of solar and other
alternative technologies. These issues are discussed further in a text
entitl ed "Energy and Rea Ii ty: Three Percepti ons," by James W. Benson,
available from the Institute for Ecological Policies, 9208 Christopher
Street, Fairfax, Virginia 22030.
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APPENDIX A

The following appendix is the introduction to the Kusuda and Ishii
(1977) National Bureau of Standards solar radiation data tabulations
for eighty cities in the United States. It outlines in detail the
calculations used to derive the tables in that text. Data from that
text is quoted in Table 2 of this report also. The user of this data
is cautioned as to the calculated values at the low sun periods of the
year. Calculated values using the method of Kusuda and Ishii (1977)
contrast markedly with those of Liu and Jordan (Tables 3 and 4) for
vertical south-facing surfaces during November, December, and January;
and real measurements on a vertical surface are not available for
comparison. All measurements presently available are made on horizontal
surfaces and extrapolations are made from this horizontally indented
radiation data.
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Hourly Solar Radiation Data for Vertical and Horizontal
Surfaces on Average Days in the United States and Canada

by

Tamami Kusuda snd Katsumi Ishii

1. Introduction

There are basically two ways that solar radiation data can be used for design purposes
in the building profession. One way is to use past hourly data for the locality or similar
locality in question, estimate through mathematical simulation what the performance factors
of the bUildin~~ and for itB components would have been under those conditions, and base future
predictions for performance on that analysis. The second way is to use data that have been
derived for specific types of days, either completely clear, Haveragen, or statistically ana
lyzed data fora particular solar process, to calculate the performance of the building and
for its components for those types of days.

The first technique has the advantage of easily accounting for the detailed transient
nature of 'the interaction between the.solar radiation and the bUilding, and the building and
its heating and air conditioning system. This is particularly important when the heating and
air conditioning system has been specifically designed to collect the solar energy and utilize
it inside the building for heating and/or cooling. ASHRAE has been very active in the recent
past in outlining recommended procedures to conduct such hourly calculations for computing
heating and cooling loads on buildings [1]*. In the ASHRAE-recommended procedures [1], com
pletely clear day data are predicted using theoretical equations and these data are in turn
modified with actual hourly recorded cloud-cover data. Computer prog~ams that have been~

written for predicting the performance of solar heating and/or cooling systems on an hourly
basis use actual recorded hourly solar radiation data [2, 3].

The primary disadvantages of using this first technique are the cost and complexity asso
ciated with the use of the computer programs and the lack of good hourly data, particularly
for the solar radiation itself.

The major source of solar radiation data in the United States is the National Weather
Service and its network of stations. The data collection began in 1902 with the first mea
surements of the direct component of the solar radiation at normal incidence being made in
AsheVille, North Carolina. At the present'time, there are 86 stations covering the U.S. and
the West Indies. Reference 4 gives a complete history of the network. The majority of the
present 86 stations record only the total radiation on a horizontal surface. At five of the
stations, the direct component is also measured. Of the 86 stations, 67 have their data pro
cessed for daily total only, while hourly data are processed at the other 19. Reference 5
describes how the data can be made available either on tape or punched cards.

In addition to the relatively small amount of hourly solar radiation data generally avail
able as described above, the quality of the data has been questioned. Jessup has reported [4]
that estimated data errors range from + 5 percent to + 30 percent. This has been mainly due
to insufficient resources in 'all but the recent past to properly maintain the network. A com
plete analysis of some of the specific problems with the network instrumentation is included
in references 6 and 7.

There is evidence, with the increasing emphasis on the use of solar energy in buildings,
that much of the past solar radiation data will be rehabilitated and additional data will be
collected in the future; however, it is unlikely that the hourly data to be taken will be ex
tended to cover surfaces other than the horizontal for the majority of the stations. For this
and other reasons given above, emphasis will be placed in the foreseeable future on using solar
radiation data for specific types of days and orientations for design purposes •

• See references at end of text.
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The 1977 ASHRAE Handbook of Fundamentals I8] will include tables of solar heat gain fac~

tors for all combinations of six different northern latitudes, sixteen primary compass orien
tations plus the horizontal. for the 21st day of each month of the year and for each hour of
that day_ This enables one to calculat~ the "amount of solar energy passing through a unit
area of reference glazing (single sheet of 0.3 cm (1/8 in.) thick double-strength window glass)
on a completely clear day, and is based on a calculation procedure developed by Stephenson
[9]. Recently Morrison and Farber [10] have .extended this type of calculation and have pro~

duced tables of incident solar radiation for all combinations of six different northern lati
tudes. five different south-facing surfaces tilted up at angles ranging from latitude minus
10 degrees to the vertical plus the horizontal. for the 21st day of each month of the year
and for each hour of that day. Both of these above sets of data can be used for design pur
poses to determine the maximum effect that the solar radiation is likely to have for a given
condition or in a given situation. However, it is felt desirable to also have similar tables
of data for "average" conditions so that estimates can be made for the long-term effect that
incident solar radiation has on a building and for its heating and air conditioning system."

References 11 and 12 contain a series of 12 monthly maps showing isoclines of daily total
radiation ona horizontal surface for the United States and the world, respectively. The data
were gathered from a large number of sources and can be used to indicate general trends and
to predict areas of potential solar energy applications.

tiu and Jordan {13, 14. 15] conducted extensive analyses during the early 1960's on the
available solar radiation data and developed several empirical correlations that can be used
to estimate the available solar radiation onllaverage" days for each month of the year and
for a large number of Ibcations in the United States and Canada. Using the correlations, it
is possible to take the monthly average daily total radiation on a horizontal surface, divide
the daily total into direct and diffuse components, convert each component into hourly values,
and then compute the hourly value of either component on a surface of any orientation desired.

This report outlines the technique that was used to compute and tabulate the monthly
lIaverage" incident radiation on an hourly basis during the day for each month of the year.
and each of eight different vertical orientations. The data was tabulated for 80 different
locations in the United States and Canada. A minor modification was made to the basic tech
nique recommended in the LiutJordan procedure [14, 15] in order to eliminate what was believed
to be erroneous results near the sunrise and sunset hours. An additional parameter called
"sol-aii.-temperature for glass" was also computed and tabulated for each of the locations.
An explanation of the meaning of this parameter is included in Section 7 of the report.

2. Calculation Procedure of Liu and Jordan

The pertinent correlations developed by Liu and Jordan [13. 14, 15] were for:

a. the monthly average daily diffuse radiation on a horizontal surface as a func
tion of the monthly average daily total radiation Qn a horizontal surface,

b. the ratio of the hourly diffuse radiation to the daily diffuse radiation (both
on a horizontal surface) as a function of the number of daylight hours l and

c. the ratio of the hourly total radiation to the daily total radiation (both on
a horizontal surface) as a function of the number of daylight hours.

The correlations were based on available solar radiation data from Blue Hill, Massachusetts;
Nice. France; Helsingfors, Finland; and Kew ObservatorYl London, England.

Liu and Jordan [1S t 16] also compiled for each of twelve months at 80 different locations
in the United States and Canada, the "average" daily total radiation ona horizontal surface
(H) and the ratio ~ D BiRo, where Ho is the daily total extraterrestrial_radiation on a hori
zontal surface calculated for the 15th or 16th of each month. The ratio Kr represents the
fraction of extraterrestrial radiation that is transmitted through the atmosphere and thus
prOVides a u~eful index for the solar climate of a particular location.
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The correlations described in a, b, and c above are included herein as Table 2, Figure
1, and Figure 2, respectively. Kd in Table 2 is defined as D/Ro ' where i5' is the "averagell
daily diffuse radiation on a horizontal surface. The step-by-step technique for using the
correlations to compute the "average" incident solar radiation on a horizontal or vertical
surface is as followa:

a. Daily total extraterrestrial radiation ona horizontal surface for a given
latitude and declination angle is calculated as follows:

where

H
o

24= -r
n

I (co. L co. 5 .in W + W .in L .in 5)
sc a s (1)

r a ratio of solar radiation intensity at normal incidence outside
the earth 1 s atmosphere to the solar constant (monthly average
values are given in Table 1)

2 2I = .olar constant, 1,393 W/m (442 Btu/(h • ft )*
sc

L - latitude, radians

5 a solar declination angle, radians, monthly values are given in
Table 1

W a sunrise hour angle, radians, obtained from:•
COB W ::;I - tan L tan 5•

b. Obtain the monthly average daily total radiation on a horizontal surface, H.
from references 15 and 16 or other available sources.

c. Calculate 'Rr by:

ii
K.r = H

o
or obtain the value from references 15 and 16 for any of aD locations.

d. Determine the value of K
d

from Table 2.

e. Calculate the monthly average daily diffuse radiation on a horizontal surface,
D, by:

D = K • H
d 0

f. Calculate the value of a factor, 'I'd' from the follOWing equation or determine
from Figure l:

cos W - cos W
n •

r d ::;I 24 -."'i-n...."W,.----W,.,...-c-o-s"W,.,...
s s s

where

W= hour angle corresponding toa given hour of the day (solar time).
radians

(2)

(3)

(4 )

(5)

* This was the value used by Liu and Jordan.
the value currently recommended by a number
etie. in the U.5. [17).

A value of 1,353 W/m2 (428 Btu/(h • ft 2» i.
of governmental agencies and technical soci-
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g. Calculate the average hourly diffuse radiation on a horizontal surface (Idh )
by:

(6)

h. Determine the value of a factor, r
T

, from Figure 2.

L Calculate the average hourly totnl radiation on a horizontal surface (lTh)
by:

- -
I "" r HTh T

j. Calculate the average hourly direct radiation on a horizontal surface (IDh )
by:

k. Calculate the angle of incidence between the sun's direct beam and a hori
zontal (aH) or vertical ourface (av) by:

COB 6H = cos L COB S cos W+ sin L sin S

or

COB ev = cos AL! cos SAZM

where

ALT = solar altitude angle. the angle between the sun's direct beam
and the horizontal,radians

SAZM = the difference between the solar azimuth angle CAlM) and the
wall azimuth angle (WAZ), radians

Figure 3 shows the relationship between the various angles.

1. Calculate the average hourly direct radiation on a given vertical surface
6"Dv) by:

(7)

(8)

(9)

(10)

1 a
Dv

, (11i

m. AEYroximate the average hourly diffuse radiation on a given vertical surface.
(I

d
) by:

n. Approximate the average hourly reflected radiation from the ground on a given
vertical ourface (1 ) by:

gv

(12)

1
gv

(13)

where

P
g

= ground reflectance
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o. Calculate the average hourly total radiation incident on a given vertical
surface by:

(14)

3. Anomalous Calculated Values Using the Liu and Jordan Calculation Procedure

The procedure described in the previous section was used to generate the hourly solar
radiation values incident on vertical surfaces oriented in the eight primary directions (5.
SW, W, NW, N. NE. E. and SE) ss well as the horizontal surface. Upon analyzing the data,
exceptionally large values of incident solar radiation were observed near the sunrise and
sunset hours. A close examination of the calculation procedure revealed that the large peak
resulted from the use of equation (11) where cos Sa is very close to zero at the sunrise and
sunset hours. This phenomenon is illustrated in Figure 3 where the value of the direct com
ponent of the solar radiation (IDN) is computed for a vertical surface oriented directly fac
ing the sun (equation (11) with COB S ~ 1) on February 22 in Miami, Florida:

v

(15)

The inco£sistency appeared to arise as a result of the sensitive empirical relationship between
hT. rTf ~, and rd. Upon discussions with one of the authors of lIS, 16]*, it is felt that
the inconsistency is mainly due to the inaccuracy ·of the empirical relationship for rT (Fig
ure 2),

4. ASHRAE Methodology for the Comp~tation of the
Direct Component of the Solar Radiation

In order to circumvent the anomaly described in thepievious section, it was decided to
replace equation (15) with an equation similar to one used in reference 18;

(16)

The original equation was developed by Stephenson [9] for completely clear sky conditions~

It has been assumed in this work that the same-basic form of the equation is valid for
"average" day solar radiation. A modified multiplying coefficient has been adapted, denoted
in equation (16) as A (as opposed to A in reference 9).

The monthly values of B for equation (16) are given in Table 1. In order to develop
appropriate values of A, it_was necessary to calculate the average daily direct radiation
over a horizontal surface, Hnh by:

sunset

H
Dh

=£ I DN cos 6H dt

sunrise

where t denotes time. Combining equstions (16) snd (17):

* Private communication with Dr. Liu.
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(18)

By denoting the integral of the above equations by GJ and by using ~ and K
d

of the Liu and
Jordan procedure, equation (18) can be written:

By substituting equation (1) into equation (19), the value of Acan be calculated as follows:

where
r I se

f = --G- (cos Leos S sin W + W sin L sin S)
s s

(20)

\ "
(21)

Table 3 lists the values of f which were computed using the above equations. The values
are tabulated for latitudes of 0 through 50 degrees 1n one-degree increments and for each of
the 12 months. The monthly values are plotted in Figure 5.

The concept of f is convenient since its value 1s independent of the specific local cli
mate. As an example, both Hatteras, North Carolina and Albuquerque. New Mexico are at a lat
itude of 35° N. Table 3 indicates the value of f in January to be 644.5 at this latitude.
The tiu and Jordan tabulated data [15, 16] show the following values of ~ and K

d
for these

two cities.

Hatteras Albuquerque

K.r 0.634 0.704

K
d

0.166 0.147

Using these data, Afor Hatteras and Albuquerque were determined as 302 and 359 respectively,
whereas the cloudless sky value of A developed by Stephenson [9] was 390.

5. Modification of the Liu and Jordan Procedure to Eliminate
the Anomalous Calculated Solar Radiation Values

With the relationship between equation (16), the constant A, and the constants ~ and
Kd established, a modif~9d hourly calculation procedure was developed as follows:

a. Same as before.

b. Same as before.

c. Same as before.

d. Same as before.

e. Same as before.
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f. Same as before.

g. Same as before.

h. Determine the value of f from Table 3 for a given month and latitude.

i. Calculate Ausing equation (20).

j. Calculate the hourly value of ~N using equation (16).

~. Same as before.

1. Calculate the average hourly direct radiation on a horizontal surface by:

(22)

m. Calculate the average hourly total radiation on a horizontal surface by:

(23)

n. Calculate the average hourly direct radiation on a vertical surface by:

(24)

o. Same as m. in Section 2.

p. Same as n. in Section 2.

q. Same as o. in Section 2.

6. Computation and Tabulation of Data for Eighty Locations

A computer program was written for carrying out the calculation procedure described in
the previous section. A listing of the program is given at the end of this report. Complete
tables of total solar radiation values are also included at the end of the report in Table 4
for 80 different locations in the United States and Canada [15. 16]. The tabulated solar radi
ation data are all in units of either Btu/(h • ft 2) (~ 3.152 W/m2) or Btu/ft2 (~ 11,348.9 J/m2).

Sample results are shown· in Figures 6 through 12 for the horizontal and different verti
cal orientations in February in Miami, Florida. Shown in these figures are the hourly radi
ation values calculated by Liu and Jordan, the authors' modification of the tiu and Jordan
procedure I and the data for completely clear skies [10].

7. CalculatiOn of "Sol~Air Temperature for Glass ll

In general I energy ia transferred through glazing both by transmitted solar radiation and
by conduction and convection as a result of a temperature difference between the outside and
the inside air. The governing equation for the net heat transfer, q (W), across the glazing
into a bUilding space 1s:
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where

2
A • ~ros8-sectional area of the glazing, m

T • effective transmittance of the glazing to short-wave radiation

2I a incident total solar radiation on the glazing, W/m

U • overall heat transfer coefficient for the glazing. (W/(m2
• °C»

to • outside air temperature,OC

t
i

• inside air temperature, °c

If the first term in equation (25) is multiplied and diVided by U. the equation can be re
arranged to:

or

where

Q=UA[TI+ t -tJU 0 i

T I + to
SATG 0: --:;--=- 1::1 sol;";'air temperature for glas8, °c

U

(26)

(27)

Values of SATG are useful in assessing the net heat transfer through glazing into the build
ing. In other words, for those periods of time when SATG > tif there is a net heat gain into
the bUilding and when SATG < t i , there is a net heat lOBS.

Equation (26) is written on an instantaneous basis and can be used for computing hourly
values. The equation can also be written to be valid for a period covering a number of hours
N:

(28)

where

Q 0: net heat transfer over the time period N. W

N 1::1 number of hours

to • average outdoor air temperature over the time period N, °C.

The indoor air temperature, ti, has been assumed to be constant for the t'me period N. Equa
tion (28) can be rearranged as was done with equation (25):

(29)

(30)
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I

where

SAG =

N
T E
--:i:.,c;;;l;.- + to' •C

UN (31)

The values of SAG were computed for each month of the year, for each of the eight primary ver
tical orientations and the horizontal, and for each of the 80 locations in the United States
and Canada. The values are tabulated in Table 4 in units of of along with the average hourly
radiation values discussed previously.

Four different values of SAG were computed. Two values were for a 24-hourperiod (N =
24) lone for single glazing (SATGS) and a second for double glazing (SATGD). The other two
computations were also for single and double glazing, but the time period N waB shortened to

N
include only the daylight hours. In all cases, the radiation values t I were the total inci-

1c l
dent radiation under !laverage" conditions discussed previously. The values of T used in the
computations were 0.87 for single glazing and 0.78 for double glazing. The overall heat trans
fer coefficients were 6.4 W/(m2 • ·C) (1.13 Btu/(h • ft 2 • 'F» and 6.0 W/(m2 • 'C) (1.06 Btu/
(h . ft Z • OF) for single glazing and for winter and summer, respectively. The values used
for double glazing were 3.1 W/(m2 • 'C) (0.55 Btu/(h • ft 2 • 'F») and 3.1 W/(m2 • 'C) (0.54
Btu/(h • ft Z • OF), respectively. Th~ value of to was either the average over the 24-hour
period or daylight hours only, depending on the time period N.

The intent in calculating and compiling the data was to permit computation, for a given
glazing size and orientation, of the net heat transfer into the space of a building for
"average" solar conditions and for any period of months desired. By repeating the calculation
for all the glazing in a given building, the total net effect for the entire building could be
determined.

8. Summary

The Liu and Jordan method for calculating the incident hourly solar radiation on a sur
face of any tilt and orientation under "averagell conditions was modified and used to compute
th~ average hourly incident total radiation on the eight primary vertical orientations and
the horizontal for each month of year and for each of 80 locations in the United States and
Canada. In addition, a new parameter was introduced and computed for the 80 locations called
"sol-air temperature for glase ll

• The tabulated values enable one to easily compute the net
heat transfer through single or double glazing under "average" solar conditions for any of the
eight primary vertical orientations or on a horizontal surface.
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APPENDIX B
Solar Radiation Data for Alaska

Table 6 was extracted from the U. S. Department of Commerce (1977)
and Table 7 from Farber and Morrison who are quoted in Liu and Jordan

(1977) .
Table 6 is a tabulation of the average daily solar radiation on a

surface oriented in each of the eight directions of the compass (N, NE,
E, SE, S, SW, W, NW) and a horizontal surface for each of the five sites

in Alaska.
Table 7 is a 1istin9 of the incidence angles of solar insolation on

surfaces tilted with respect to the horizontal given for latitudes 56 oN

and 64°N only.

•

48



LOCATION AN~lEt TE IS., ALASK" lATITIIO': 55 nrr..pF'ts 1 "'I'~IITEc,

MONTH 1 HO 611. TOI) 36. T'lT 35. KT .4?7 KO .I Ato

ORIENTATIOt" HJ1UPLY Sf"LAP PAD I ATTO~~ nAIlY T('l'tftl S~r..IDAYTJ~F' S"r,/ALL ~AY

4 5 & 7 A 9 10 11 12 13 14 l' 1& 17 18 19 20 PAI"I~Ttrm 5AT6S ~nTr,~ ~AT~5 ~AT~n

-~-----~-----~-------~----~-------------------------------~------------------~-----
SOUTH O. O. O. O. O. ~B. In4. 135. 145. 1:'15. 104. 4A. O. O. O. O. O. 71~. J'1f!. 1i;fJ • '-. 17.

SOUTHWEST O. O. o. o. O. 9. O!. 7f!.. In7. 1.;'2. 113. 63. O. O. O. O. O. c;33. Rfh I:U. 5:>. AF..

WEST. O. O. 0, o. O. &. 12. ". 17. 4&. &2. 44. o. O. O. O. O. "fl2. 'e. 72. 41. 4,.

NORTHWEST O. O. O. O. O. &. 12. 1'5. 17. 15. 12. e. O. O. O. O. O. R2. 44. '50. ~7 • ",0.

NORTH O. O. O. O. O. &. 12. 1"i. 17. 15. 12. e. O. O. O. O. O. A2. 44. '50. ~7. ~Q.

NORTHEAST O. O. O. o. O. &. 12. 15. 17. 1.5. 12. '. O. O. O. O. O. A? 44. '50. 37. "1\g.

EAST O. O. O. O. O. 44. &2. 46. 17. 15. 12. e. o. O. O. O. O. 202. %. 72. 41. 4e.

SOUTHEAST O. O. O. O. O. &3. 113. 12?. 107. 7a. 41. o. O. O. O. O. O. 533. 'A. 1."1\ 1 • <:;2. ".
HORIZ. O. O. O. O. O. 15. 3&. 51 • '&. "il. 3e. 15. O. O. o. O. n. ?'60. '1. A2. 4:'1. ~n.

MONTH 2 HO 1205. TOO 3R. TOT 3&. KT .415 KD ol,q4

ORIENTATION HOURLY SOLAR qADrATlo~t nAItY TOTAL SAG/DAYTIME ~A~/AlL nAY
4 5 & 7 R 9 10 11 12 13 14 15 1& 17 18 19 20 PAfHlITION SATGS ~ATGn 51\T6S SATGn

--------~-----------------------------------~-------------------------------~------
SOUTH O. O. o. O. 3&. 79. 109. 12,q. 134. 1?8. 109. 7t;!. 3&. O. O. O. O. ~37. Jn2. 155. 113. A,.

"'"
SOUTHWEST O. O. o. O. 7. 15. 45. 75. 102. 118. 121. 1011. 62. O. O. O. O. 654. ~J3. I?q. <;7. 74.

'0 WEST O. O. O. O. 7. 15. 21. 24. :>6. '". 75. Bl. 5&. O. O. O. O. ~58 • ". JJ;A. 4_. "'7.
NORTHWEST O. O. O. O. 7. 15. 21. 24. 26. 24. 21. If>. 21. O. O. o. O. 175. 'to 62. u'. 46.

NORTH O. O. O. O. 7. 15. 21. 24. ?&. <'4. 21. l"i. 7. O. O. O. O. 160. 50. 60. 41. fl,.
NORTHEAST O. O. o. o. 21. 1&. 21. 24. 26. 24. 21. 15. 7. n. O. o. O. 175. "1. 62. 42. 4,.

EAST O. O. o. o. 56. 81. 75. 54. 26-. >4. 21. 1~. 7. O. 0. O. o. :'Isa. f,S. 'B. "". '7.
SOUTHEAST O. O. O. O. 62. 106. 121. 118. 102'. 7&. 45. 1~. 7. O. O. O. n. fi54. p~. 129. ~.,. 74.

HORTZ. O. O. O. O. 19. 44. 6&. 79. "4. 79. &6. 4". 19. O. O. O. O. 49-9. 7&. In9. '2. ~5.

MONTH 3 HO 1972. TOO 40. ~OT 3A. KT .492 Kb .1fHI,

ORIENTATIO"I HOUPI_Y SOLAR ttADYATIOt·! f"iJlILV TnTAl SAG/OJlYTr~E SAG/ALl OnY
4 5 6 7 a 9 10 11 J2 t3 14 15 1& 17 tB 19 ?O RM'IATtor.j SATGS ~ATr,~ SJlTr,S SJlTGD

-----.------------------------------------------------ ------------~----------------
SOUTH O. O. O. 24. 65. 104. 13'5. 154. 161. 1")4, 135.• t04. 65~ 24. O. O. 0. 1126. 112. 170. 74. lf14.

SOUTHWEST O. O. O. 9. tAo 2&. 54. Q2. 1~5. 147. 15no 149. 1?2. &B. O. O. O. Q67. I nl. !Ci2. '9. 04.

WEST O. O. O. 9. lB. 2&. 32. 36. ~f'i. 75. lOS. 122. 118. 78. O. O. n. 65~. "2. IH,. '9. 76.

NORTHWEST O. O. O. 9. tAo 2&. 32. ~6. ~8. ,&. 32. 39. '36. 47. O. O. O. 370. 113. ". '0. 6n.

NORTH O. O. O. 9. lA. 26. 32. 3&. ~A. 36. 32. 26. 18. 9. O. O. O. 281. 'A. 72. 47. '4.

NORTHEAST O. O. O. 47. '56. 39. 32. 36. 3A. :'>6. 32 .. 26. 18. 9. O. O. O. ~7(1. "':'i. Jl:'!. '0. 6n.

EAST O. O. O. 78. lIP. 122. 105. 75. 3ft. '&. 32. 2&. t8. 9. O. O. O. fi5f1. ):12. 116. 'jQ. 76.

SOUTHEAsT O. O. O. &8. 122. 149. 156. 147. 125. 92. 54. 2". lB. 9. O. O. O. °61. t nl. 1"i2. 60 • 04.

HORIZ. O. O. O. 24. '5". 00. 115. 130. 136. 130. 115. gn. 5~. 24. O. O. O. c6q. J07. 1<;2. "a. go:;.



LOCATION ANNETTE IS., ALASKA LATITUDE 55 OfGREES l~HllJTES

MONTH 4 HO 2844. TOO 44. TOT 43. KT .-507 KO .un
ORIENTATION HOURLY S0LAR RADtATION nAILY TOTAL SAG/OAYTI~E SA~/ALL DAY

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 RAnIATION SATGS SATGO SATGS 5AThn
-----~---------~---~----------------~----._~---------------------------------------SOUTH O. 1. 9. 29. 66. lOt. 129. 147. 154. 147. 129. lOt. 66. 29. 9. 1. O. 1119. 104. 153. 78. lOA.

SOUTHWEST O. 1. 9. 19. 2A. 36. 51. 90. 122. 145. 156. 153. 135. 101. 51. 1. O. 1100. 103. 152. 78. In7.
WEST o. 1. 9. 19. 28. 36. 42. 46. 47. AS. 116. 136. 141. 125. 77. 1. O. g10. 93. 1.33. 72. 96.
NORTHWEST O. 1. 9. 19. 2R. 36. 42. 46. 47. 46. 42. 61. Bl. 87. 63. 1. O. 610. 77. 104. 62. 78.
NORTH O. 1. 18. 19. ~B. 36. 42. 46. 47. 46. 42. 3". 2A. 19. 18. 1. O. 426. 67. A6. 56. 67.
NORTHEASt O. 1. 63. 81. R1. 61. 42. 46. 47. 46. 42. 3". 28. 19. 9. I. O. 610. 77. 104. "2. 7A.
EASt 0.• 1. 77. 125. 141. 136. 116. AS. 47. 46. 42. 36. 28. 19. 9. 1. o. g10. 93. 133. 72. 96.
SOUTHEAST O. 1. 51. 101. 135. 153. 156. 145. 122. 90. 51. 36. 28. 19. 9. 1. n. 1100. 103. 152. 7A. 107.
HOIHZ. O. 2. 26. 6t. 97. 12B. 153. 16A. 173. 16B. 153. 128. 97. 61. 26. 2. O. 1442. 122. lAS. a9. 127.

MONTH 5 HO 3481. TOO 51. TOT 49. KT .484 KD .lA7

ORIENTATION HOURLY SOLAR RADIATION I)AILY TOTAL SAG/DAYTIME SAG/ALL OAY
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 RAnYATTON SATGS SATGD SATGS SATGn

<.n -------~--._---------------.-------------------------------------------~-----------a SOUTH 1. 8. 16. 25. ,7. AB. It2. 127. 1~3. 127. 112. 8A. 57. 25. 16. 8. 1. 1001. 102. 140. A3. 1n9.
SOUTHWEST 1. 8. 16. 25. 34. 41. 47. AO. 10Q. 129. 139. 137. 123. 9B. 64. 24. 1. 1076. 105. 147. A6. 114.
WEST 1. 8. 16. 25. 34. 41. 41. 50. C:;1. R5. 112. 130. 137. 128. 101. 50. 1. 1t'll7. 102 .. 14Z. A4. 110.
NORTHWEST 1. 8. 16. 25. 34. 41. 47. 50. ~1. 50 .. 47. 71. QO. 98. 89. 51. 1. 769. 90. 120. 75. 95.
NORTH I. 26. 34. 25. '4. 41. 47. 50. 51. 50. 47. 41. 34. 25. 34. 26. 1. 567. AO. 10z. 6A. A3.
NORTHEAST 1. 51. 89. 98. qo .. 71. 4-1. 50. 51. 50. 47. 41. 34. 25. 16. 8. 1. 769. 90. 120. 75. 95.
EAST 1. 50 .. 101. 128. 137. 130. 112. AS. 51. 50. 41. 41. 34. 25. 16. 8. I. 1017. 102. 142. A4. 110.
SOUTHEAST 1. 24. 64. 9B. 1?3. 137'. 139. 129. 109. AO. 47. 41. 34. 25. 16. 8. 1. 1076. 105. 147. A". 114.
HORIZ. 1. 18. 49. 82. 115. 143. 165. 178. lA3. 178. 165. 143. 115. 82. 49. 18. 1. 1684. 136. 201. 10_. 151.

MONTH 6 HO 3733. Too 56. TOT 54. KT .qul KO .lA5

'ORIENTATION HOURLY SOLAR RADT ATIO'-, rJAILY TOTAL SAG/DAYTIMF SAG/ALL nAY
4 5 6 7 8 9 10 11 12 13 14 10 16 17 18 19 20 RAOTAnON SATGS SATGO SATGS SATGO

._--------------~------------_._---------------------- ---------------.-------------
SOUTH 3. 10. 18. 27. 51. 77. 97. 111. 115. Itl. 97. 77. 51. 27. 18. 10. 3. 90!. 99. 133. 85. 10Q.
SOUTHWEST 3. 10. Ie. 27. 34. 41. 46. 72. 96. 113. 121. 120. 108. 87. 59. 27. 4. q87. 104. 140. A8. 114.
WEST 3. 10. 18. 27. 34. 41. 46. 50. 51. 79. 102. 117. 122. 115. 95. 57. B. 974. In3. 139 .. AB. 11:3.
NORTHWEST 3. 10. 18. 27. 34 .. 41. 46. 50. 51. <;0. 49. 70. 85. 92. 86. 59. 9. 780. 94. 122. En. 101.
NORTH 7. 32. 31. 30. 34. 41. 46. 50. 51. "io. 46. 41. 34. 30. 37. 32. 7. 607. 85. 108. 75 .. 91.
NORTHI::AST 9 •. 59. 86. 92. R5. 70. 49. 50. "il. 50. 4". 41. 34 .. 27. 18. 10. 3. 780. 94. 122. AI. Inl.
EAST 8. 57. 95. 115. 122. 117 .. 102. 79. 51. 110. 46. 41 • 34 .. 27. 18. 10. 3. q74. 103. 139. AB. 113.
SOUTHEAST 4; 27. 59. 87. 108. 120. 121. 113. Q6. 72. 46. 41. 34. 27. 18. 10. 3. 987. 104. 1l.J0. AA. 114.
HORtZ. 5. 25. 53. 83. 111. 136 .. 156. In8. 17Z. 16B. 156. 13n. 111. 83. 53. 25. 5. 1647. 135. 196. 111 .. 154.



LOCAtION MJ~IETTE IS., ALASK/\ LATITUDE 5S r'lFGDI='ES 1 ··~IIJUTES

MONTH 7 HO 3485. TOO 59. fr;T 57. KT .4'lLL KO .lR6

ORIENTATION HOURLY S0LfiR DADrATIn~1 I")AILY TI')TAL ~Ar,/OAYTIM~ ~AG/fiLL nAY

- 5 6 7 A 9 10 11 12 13 10 15 16 17 IA 19 en RMHATTON ~ATGS SATGn SATfi5 SATfin
--------------------------~------~-------------------- -----------------------------

SOUTH 1. 8. 16. 25. SO. ~2. 11)4. I1A. 1?3. 118. 104. 8? 5-. 25. 16. A. 1. Q3F.h InG. 142. M. 113.
SOUTHWEST I. 8. 16. 25. ~3. _0. _5. 76. 1(l2. 1?O. 121'3. J2(;. 113. 90. SA. 22. ,. 1003. l',q. 148. Ql. 117.
WEST 1. 8. 16 25. 13. _0. 45. 09. 'lo. AO. 104. 120. 126. 117. 91. 4_. I. gUq. 1°6. 143. RO. 114.
NORTHWEsT 1. 8. 16. 25. 33. _0. _5. 49. 50. 49. _6. 67. 84. 90. BI. 45. ,. 728. °S. 123. A2. lfJl.
NORTH I. 20. 32. 25. 33. _0. os. 09. ~O. 09. 45. 40. 33. 25. 32. 20. I. "'46. 1::11;. 107. 75. 90.
NORTHEAST 1. 45. 8J. ·90. AO. 67. 06. Q.9. !'i0. 49. 45. 40. 33. 25. 16. A. I. 728. 95. 123. R? I nl"
EAST 1. ... 91. 117. 126. 120. 1Olf. BO. '0. 09. OS. 00. 33. 25. 16. 8. I. q4 Q• 106 • 14~. AQ. 1 tL.L..
SOUTHEAST 1. 22. 58. 90. 113. 126. 12A. l?O. 102. 76. 45. 40. 33. 25. 16. A. I. 1003. 10 Q • 141'3. °1. 117.
HORIZ. 1. 18. 46. 77. 107. 134. 154. 161. 172. 167. 154. 134. 107. 77. 06. 18. 1. P5e2. 138. 199. lit • 1";2.

MONTH 8 HO 2827. Ton 60. TOT 58. KT .4:::'7 KD .lR4

ORIENTATION HOURLY snLAF qADTATIO~1 n.aILY TOTAL SA~/DAYTI~~ SAG/ALL nAY
0 5 • 7 A 9 '0 11 12 13 to 15 16 17 18 19 20 RM1IATIOPII $ATGS ~ATGn ~ATfiS SATGn

------------------------~--------------------------_.- -----------------------------SOUTH O. 1. 9. 25. 5•• f.I2. 105. 119. 124. 119. 10,. 8?. 5'. 25. 9. 1. O. 915. 112. 1")2. Rq. 113.
01 SOUTHWEST O. 1. 9. 18. 26. 33. '6. 76. 101. Its. 125. 121. 106. 7th 38. 1. O. Rg6. 111. 1'50. FlQ. 1t2.
~ WEST O. 1. 9. 18. 26. 3:3. 39. 4? ... 72. 95. 10C). 110. 96. 56. 1. O• 752. 1~3. 136. RO. to:o;.

NORTHWEST O. 1. 9. 18. 26. 33. 39. 42. ... 42 • 39. 52:. 60;. 6e. '0;. I. r. '527. 00. 113. 76. on.
NORTH O. 1. 15. 18. 26. 33. :i9. '2. ... 02. 39. 33. 26. lA. 15. 1. O. ~93. A2. qq. 71. Rp.
NORTHEAST O. 1. 46. 68. 06. '2. 39. Li~. ... l.L.2. 39. 3:"i. 26. 1F.h 9. 1. O. ~27. 00. 1n. 76. Qo.
EAST O. 1. 56. 96. 110. 109. 95. 12. tf4. 02. 39. 33. 26. 18. 9. 1. O. 752. 103. 136. .llu. 1°3.
SOUTHEAST O. 1. 38. 78. 1/)6. 121. 125. 11~. 1010 76. 0•• 33. 26. lA. 9. 1. O. R96. 111. 150. AO. ll?.
HORIZ. O. 2. 22. 51. Bl. 10? 128. 140. IUS. 140. 12A. 101. al. 51. 22. 2. O. 1207. 1?9. lA2. 09. 131.

MONTH 9 HO 1972. TOO 55. ToT 53. KT .44Q KD .IR'5

ORIENTATION HOURLY SlJLAR RADT ATIO'" I)lIILY TnTAL SA~/DAYtTMF. SAG/tiLL nAY

- 5 6 7 A 9 10 11 12 13 ,. 15 16 IT 18 ,. en RAnTATIO/IJ ~l\TGS SAT~~ SATfiS SATG~

---------------------------.---------.-----_._-------- -----~-----------------------
SOUTH O. O. O. 20. S7. 91. 119. en. 143. 1"7. 119. 91. ei? • 20. O. O. r. Qq2. 122. 174. A7. 1t3.
SOUTHWEST O. O. O. 9. IT. 25. 49. 83.111. 131. 138· 130. IDS. 56. O. O. n. ASS. 113. t57. Re. InS.
WEST O. O. O. 9. 17. 25. 31. 35. 36. '8. 94. 107. 102. 64. O. n. n. 5139. 0'. 125. 73. RQ.
NORTHWEST O. O. O. 9. 17. 25. 31. 35. 36. 15. 31. 3;'. 09. 40. O. O. O. '44. 7A. 96. .,. 70.
NORTH O. O. O. •• 17. 25. 31. 35. 36. 35. 31. 25 • 17. 9. O. O. n. 271. 7~. A7. .>. 69.
NORTHEAST O. O. O. 40. _9. 36. 31. 35. 36. 35. 31. 2'1. 17. 9. O. O. O. 344. 7A. 06. lie;. 70.
EAST O. O. O. 64. 102. 107. 9_. 6q. 36. :"is. 31. 2!1o 17. 9. O. O. O. "iAC). C)s. 125. 7'. AO.
SOUTHEAST O. O. O. 56. t05. 130. 133. 131. 111. A3. 49. 2~. 11. •• o. O. O. F:l55 • 1t3. 157. ~2. tOS.
HORIZ. O. O. 1. 22. 53. 82. IOQ.. 119. 124. 119. 104. ae. 53. 22. 1. O. O. AA4. 11li. 1:61. A3. !fl?



LOCATIO~J ANNETTE IS., ALASKA LATITUDE 55 DEGRFES 1 t.1INIITES

MONTH 10 HO 1174. TO!) 48. TnT 47. KT .3117 KD .1Al

ORIOJTATIOrl HOURLY S0LAR RAOII\TJO~J nAILY TOTAL SAn/DAYTI~E S~G;ALL DAY
4 5 6 7 A 9 10 11 12 13 14 15 16 11 18 19 ?n RAnIATION SATGS 5ATGO S~TGS 5ATGn-----------------------------------------------------------------------,-----------SOUTH O. O. O. O. 25. 58. 82. 97. 11J?. 07. 82. SA. 25. O. O. O. O. 627. 01. 131. 67. A3.SOUTH....'EST O. O. o. O. 7. 14. 36. 60. 19. 90. 91. 78. 42. O. O. o. O. 4q6. 87. 118. 63. 76.WEST O. O. o. O. 7. 14. 19. 22. ?3. 44. SR. 50. 38. n. o. O. n. 283. 70. a~. 156. 63.

NORTHWEST O. O. O. O. 7. 14. 19. 22. 23. n. 19. 14. 15. O. O. o. O. 156:. 60. 70. '". 56.NORTH O. O. O. O. 7. 14. 19. 22. 23. ?2. 19. 14 • 7. O. O. O. O. 146. 60. 69. '2. 155.
NOfHHEAST O. O. O. O. 15. 14. 19. 22. 23. :'.2. 19. 14. 7. O. O. O. O. 156. 60. 70. 52. 56.
EAST O. O. o. O. 38. 59. 58. 44. ?3. 22. 19. 14. 7. O. O. O. O. 283. 70. 8B. 56. 63.
SOUTHEAST O. O. O. o. 42. 78. 91. 90. 19. 60. 36. 14. 7. O. O. O. O. 496. "7. 118. 63. 10.
HORIZ. O. O. O. O. 15. 36. 53. 65. 68. 65. 53. 36. 15. O. O. O. 0 .. 407. 80. 106. 60. 71.

MONTH 11 HO 602. TOO 42. TOT 41. KT .304 KO .179

ORIENTATION HOURLY SOLAR RADIATIOI\l DAILY TOTAL SAG/DAYTIME SAG/ALL DAY
4 5 6 7 8 9 10 11 , 2 13 14 15 16 17 18 19 20 RAnIATION SATGS SAT GO 5ATGS SATGn

------------~----------------------------------------------------------------~-----SOUTH O. O. O. O. O. 26. 57. 75. Al. 75. 57. 26. O. O. o. o. O. -:'97. AI. 113. 53. 64.
0"1 SOUTHWEST o. a. o. o. O. 1. 25. 46. F!1. 68. 62. 33. '0. O. O. O. O. 302. 72. 96. ~o. 58.N WEST O. O. o. O. O. 5. 10. 13. '4. 29. 36. 24. O. O. O. O. D. 132. 55. 65. 4S. 4B.

NORTHWEST D. D. D. O. O. 5. 'D. 13. '4. 13. 10. 5. D. O. O. o. O. 72. 49. 5~. 43. 45.
!'lORTH O. O. D. D. O. 5. 10. 13. 14. 13. 10. 5. O. D. O. O. O. 72. 49. 55. 43. 45.
NORTHEAST O. O. O. D. O. 5. 10. 13. 14. 13. 10. 5. O. D. O. D. D. 72. 40. 55. 43. 45.
EAST D. O. O. O. O. 24. 3•• 29. 14. 13. 10. 5. o. O. o. o. n. t 32. 55. 65. 45. 4B.
SOUTHEAST O. O. D. D. O. 33. 62. 6fh <1. 46. 25. 7. O. D. O. O. O. 302. 72. %. 50. 5A.HORIZ. O. O. O. D. D. 11. 25. 35. ,~9. l5. 25. 11. D. O. O. o. n. lA2. 6n. 74. 47. iii.

MONTH 12 HO 413. TOn 37. TOT 36. KT .361 KD .VH

ORIENTATION HOURLY SOLAR RADIATION DAILY TOTAL SAfi/DAYTIME SAG/ALL nAY
4 5 6 7 8 9 10 11 12 13 14 15 16 17 IB 19 20 RAflIATtON SATGS SATGD SATGS SATGn

-----------~-----------------.-----------------~------ -----------------------------SOUTH O. O. o. o. O. 9. F!8. 102. 112. 102. 68. o. O. o. O. O. O. 470. 00. 133. 51. 64.
SOUTHWeST o. O. O. D. 0.. 3. 28. 59. "3. 91. 73. 1::'. D. O. O. O. O. 34A. 16. tOB. 47. 56.
WEST O. O. o. o. O. 2. 7. 11. '2. 33. 39. A. O. O. O. o. O. 113. 50. 60. 40. 43.
NORTHWEST D. O. O. O. O. 2. 7. ,11. 12. 11. 7. 2. O. O. O. O. O. 53. 43. 48. 3B. 39.
NORTH" O. O. o. o. O. 2. 7. 11. .12. 11. 7. 2. O. O. O. O. O. 53. 43. 48. 3B. 39.
NORTHEAST O. O. o. O. O. 2. 7. 11. 12. 11. 7. 2. O. O. O. o. n. 53. 43. 48. 3tl. 30.
EAST O. O. O. O. O. 8. 30. 33. 12. 11. 7. 2. n. O. o. O. O. 113. 50. 60. 40. 43.
SOUTHEAST O. o. o. o. O. 12. 73. 91. 03. '9. 28. 3. O. O. D. O. O. 348. 76. lOA. 47. 56.
HORIZ. O. O. o. o. O. 4. 20. 32. 37. 32. 20. 4. O. D. O. n. O. 149. 154. 68. 41. 45.



LOCATIO"'! BETHEL, ALASKA LATITlJOf: 60 IJFGP~ES 46 MINtlTES

MONTH 1 HO 324. iO') 9. Tr.>T 7. K7 .5:'\6 "0 .1 A ;o;

ORIENTATIOq ~OUPLY S~LAP. RAOIATIO~ nAILY Tf'lTll.L Sll.~/Oll.YTr~E 5ll.G/ALl nAY
4 5 6 7 " 9 10 11 12 13 14 I' 16 17 IS 19 2n RAnIATTON SATGS ~ATAn ~ATGS ~ATfin

---------------_._~_._-------------------------_._-----_._-----------.-------------
SOUTH O. O. O. ' t). O. 4. 113. 191. 216. lQ1. 113. 4. O. O. O. O. O. $\32. 1°6. 11\1$. :'Iq. 'i'i.
SOUTHWEST O. O. O. O. o. 2. 41. 106. 1"'6. 171. 122. ,. O. O. O. O. n. 61)2. 7q. 1:'r,. '6. 4?
wESi O. O. O. O. O. 1. 6. 10. 12. '6. 64. 4. O. O. O. O. O. 153. ~1. 41. I? 16.
NORTHWEST O. O. O. O. n. 1. 6. 10. 12. 10. 6. I. O. O. o. o. O. 47. I'. 19. ". In.
NOHiH O. O. O. O. O. I. 6. 10. 12. 10. 6. 1 • O. O. O. O. O. 47. 1,. 19. e. In.
NORTHEAST O. O. o. O. O. 1. 6. In. 12. 10. 6. I • O. o. O. 0 .. O. 47. IS. 19. e. In.
EAST o. O. O. O. O. 4. "4. 56. 12. 10. 6. I. o. n. O. O. O. 153. ?7. 41. 1~. 16.
SOUTHEAST O. O. O. O. O. 5. 1?2. 1 71. 1"'6. 106. 41. ,. O. O. O. O. O. 1';112'. 79. 136. ?6. 1.1?
HORIZ. O. O. O. O. O. 2. 21. 40. 47. "0. 21. ? O. O. O. O. O. 174. '9. 46. 12. 11.

MONTH 2 HO 8B1. TOO 12. TOT 9. K7 .'i'i1' KO .IAfl

OR I EtHATIOt-! POUPLY SOLAl:! l:?ADTAT!O"l nAILY TOTAL SAG/nAYTlv~ SA~/AlL DAY
4 5 6 7 A 9 10 11 12 13 14 15 16 17 18 19 ,0 PAr)J ATI0!\J SATGS SATG~ SATGS SATr.n

-----------------------------------------------------------------------------------on SOlJTH o. O. O. O. 32. 109. 1A6. 2~O. 211. ?nO. 161;. 1n9. 32. O. O. o. n. 122q. 112'. lq3. "e. ~o.

w SOUTHWEST O. O. o. O. 4. 11. 60. 112. 1~6. 11'\2. 1134~ 150. 56. O. O. o. n. 016. A6. 141'. :'IA. 62.
WESi O. O. o. O. 4. 11. 17. 21. n. 70. 105. lOCI. 50. O. O. o. O. 41[1. 45. 7;>. 22. ~l.

NOkTHWEST O. O. O. O. 4. 11. 17. 21. ?2. ::'1. 17. 11. 17. o. o. o. O. 142. ?3. 33. 14. 17.
NORTH O. O. o. O. 4. li. 17. 21. >2. ?:1. 17. 11. 4. O. O. O. n. 129. n. 3\. t:'l;, 17.
,\I0RTHEAST O. O. o. O. 17. 11. 17. 21. ;>2. ?1. 17. 11. 4. O. O. O. O. 142'. ?3. 33. 14. 17.
EAST O. O. o. O. 50. 109. 105. 70. 7.2. 01. 17. 11. 4. O. O. o. O. 410. 4<). 72. ?2. 33.
SOUTHEJ\ST O. O. o. O. %. 150. 1134. 1A2. 156. 112. 60. 11. 4. O. O. o. n. q16. B6. 147. 3R. 62.
HORIz. O. O. O. O. 11. Li'o. 67. 84. 90. A4. 67. 40. 11. O. O. O. n. 495. "i2. 85. ?5. 3A.

MONTH 3 HO 1685. TOO 14. TnT 11. K7 .704 KO .147

ORIENTATIO~~ HOURLY Sf\LAR RADT ATIO'" f)AILY ToTAL 5ll.~/nAYTIM~ ~~G/ALl nAY
4 5 6 7 " 9 '0 11 12 13 14 15 16 17 18 19 20 RAnHTTON SATGS 5At;,~ 5ATGS SATGO

-----------------~--------------------------------------------------------_.-------SOUTH O. O. O. 33. 104. 174. 230. 266. 276. 2~6. 230. 174. 104. 33. O. o. n. lAq2. 1:'15. 2'33. 7;>. 122'.
SOUTH~jEST O. O. O. 7. 15. n. 76. 146. 206. 248. 266. 253. 204~ 106. O. O. n. 1550. 113. lq4. 61. 10? •
Wt.ST O. O. O. 7. 15. 22. ?8. 32. 33. 104. 162. 197. 193. 120. O. O. O. 915. 73. 120. 41 • F."i.

NORTH~IEST O. O. O. 7. 15. 22. 28. 32. :;3. 32. 2B. 30. 78. 6CJ. O. O. O. 383. 3CJ. 50. ?4. 34.
NORTH O. O. O. 7. 15. 22. ;>8. 32. 33. :'12. 2f\. 2.". 15. 7. o. O. O. ?4? • 30. 42. 19. ;;'6.

NORTHEAST O. O. O. 69. 78. 39. 28. ~2. ::n. :'\2. 28. 22. 15. 7. O. O. O. 3J:l3. 3Q • 59. ?". 34.
EAST O. O. O. 120. 19'3. 197. 162. 104. :"i3. :'12. 2:S. 22. 15. 7. O. O. n. Q15. 73. 120. 41. 65.
SOUTHEAST O. O. o. 106. 204. 25:3. 2F.6. 24A. 206. 146. 76. 2? 15. 7. O. o. n. 1550. 113. 1°4. 61. 1°?
HQRIZ. O. O. O. 24. /iR. 109. 143. 164. 171. 1r,4. ,143. l{)CI. 6A. 24. O. O. O. I1R6. QO. 152. '0. Al •



LOCATION BETHEL, ALASKA LATITUDE 60 DEGPFES 1.6 p.,IIN1ITt:S

MONTH 0 HO 2653. TOI] 29. TOT 27. KT .671:l KO .1 "i5

OIUENTATIml HOURLY SOLAR QAOTATIOt.1 I"IAILY TOTAL 5AG/DAYTI~F. SAG/ALL DAY
0 5 6 7 " 9 10 11 12 13 14 15 16 17 18 19 20 RACHATION SATGS SATGD SATGS SATGO

--~----------_._-----------------------------------------~--------.------~---------
SOUTH O. 2. 10. 40. 9B. 153. 1q7. 22fl. 23;'. 226. 197. 15~. 98. IfO. 10. 2. O. 16A9 .. 116 .. 187. Bl. 125.

SOUTHWEST O. 2. 10. lB. 26. 33. 1;5. 127. lAO. 218. 237. 234. 208. 15B. 87. 9. O. 1611 0- 112. lAO. 78. 121.

WEST O. 2. 10 .. 18. ?6. 33. 39. 4i!. 44. In7 .. 160. 19~. 212. 194. 131. 16. O. 1231. 93. 144. 66. qq.

NORTHl,t.EST O. 2. 10. lB. ~f,. 33. 39. 42. 44 .. 42. 39. 65. 107. 127. 104. 15. O. 714. '6. 96. 50. M.

f~OkTH O. 7. 22. 18. ?6. 33. 39. 02. 44. 02. 39. 33. 26. 18. 22. 7. O. 420. 51. 69. 40. 51.

f-JORTHEAST O. 15. 104. 127~ 1')7. 65. 39. 4~. 44. 42. 39. 33. 26. 18. 10. 2. O. 7140- '6. 96. 50. 68 ..

EAST O. 16. 131. 194. 212. 198. 160. 107. 44. 42. 39. 33. 26. 18. 10. 2. O. 1231. Q3·. 1440- 66. 99.

SOUTHeAST o. 9. 870- 158. 2G8. 234. 237. 21~. lAo. t?7. 65. 3~. 26. 18. 10. 2. O. 1611. 11?. 180. 7B. 121.

HeRIZ· o. 5. 35. 77. 120. 158~ lAB. 206. 213. 206. 188. 15A. 120. 77. 35. 5. O. 1791. 122. 1137. 84. 131.

MONTH 5 HO 3403. TOO 43. TOT 40. KT .51q KD .1A'S

ORIENTATIO'I HOURLY SOLAR RADIATION DAILY TOT4L SAG/DAyTIME SAG/ALL DAY
0 5 6 7 g 9 10 11 12 13 14 is 16 17 18 19 20 RAOIATTON SAT6S SArGO SATGS ~ATGD

-----.--------------------------------------------~------~~--------_._-------------SOuTH 4. 10. 18. 31. 5~. 102. 130. 14B. 154. 148. 130. 102. 6B. 31. 18. 10. 4. 1176. QR. Il.j.O. BO. It 1.

01 SOUTHWEST 4. 10. lB. 26. '13. 40. 52. ql. 11"3. 1l.j.6. 158. ISh. 141. 114. 77. 37. 6. 1231. InD. Ij~5 • B2. 1l4.

.", wEST O. 10. lB • 26. ",3. 40. 04. 4A. 49. A7. 119. 141. 151. 145. 121. 75. 15. 1124. q5. 136. 78. 108.

NORTHWEsT 4. 10. 18. 26. 33. 40. "4. 4B. u9. 48. 44. 67. 92. 106. 103. 76. lA. A24. M. 111. 68. 90.

NORTH 12. 37 .• 36. 26. ",3. 00. 04. 4A. 49. 08. 44. "n. 33. 2'. 36. 37. 12. 600. 71. 92. 61. 76.

NORTHEAST 18. 7f:,. 103. 106. 92. 67. ... 4R • U9. 08. ... 40. 33. 26 • 18. 10. 4. A24. AI. 111. 68. 90.

EAST 15. 75. 121· 145. 1'il • 141. 119. R7. 4q. u8. 44. 40. 33. 26. 18. 10. 4. 1124. Q5. 136. 78. 1°j:J.

SOUTHEAST 6. 37. 77. 114. 1~1. 156. lC,B. 14A. 1?3. Ql. 52. 40. 33. 26. lB. 10. 4. 1231. 100. 145. A2. 114.

HORIZ. 7. 28. ST. 89. 119. 14&. 166. 179. 1(1,4. 179. 166. 14A. 119. 89. 57. 28. 7. 1766. 126. 189. Ion. 147.

MONTH b HO 3712. Ton 55. TOT 53. KT .4!'iA KD .1.lJ6

ORIENTATION HOURLY SOLAR RAOIATlQt.l DAILY TOTAL SAh/QAYTIME SA~/ALL DAY
4 5 6 7 B 9 10 11 \2 13 14 15 16 17 18 19 20 RAOIATION SATGS SATGO SATGS SATGO

-----------------------------------------------------------------------------------
SOuTH 6. 13. 20. .2Q. 09 • (1,7. 109. 123. 12:8. 123. 109. 87. 59. 29 .. 20. 13. 6. IO?l. Ina. 134. AA. 114.

SOUTHWEST 6. 13. 20. 27. ~4. 00. 08. 7Q. In5. 1:>3. 132. 1311. 118. 97. 68. 37. 11. In92. In3. ll.j.O. 9n. U9.
'wEST 6. 13. 20. 27. 34. 00. us. "7. 48. 79. 104. 121. 129. 124. 107. 75. ~2. 1054. 102,. 137. M •• 116.

NORTHwEST 6. 13. 20. 27. ". 00. .s. 47. 4B. 47. 45 • 65. Bl.f. 95. 94. 77. 38. A2A. 92. 119. Al. 103.

NORTH 26. ". 3A. 27. --. 40. 45. 47. 4B. 07. 45. 40. 34. 27. 3B. 41. 26. 647. 84. 105. 75. 92.

NORTHEAST 3R. 77. 94. 95. ~4. 65. 45. 47. 48. 07. 45. 40. 34. 27. 20. 13. 6. R28. 92. 119. Al. 103.

EAST 32. 75. 107. 124. 1."9. 1:'1. 104. 79. 4B. 47. 45. 40. JO. 27. 20. 13. 6. 1054. 1n2. 137. Act. 116.

SOUTHEAST 11. 37. 68. 97. llA. no. 132. 12~. 105. 79. 48. 40. 34. 27. 20. 13. 6. tfl92. In3. 140. qo. U9 ..
HORtZ. ,.. 35. 60. 8A. 11 1j. 136. 153. 164. lA8. 164. 153. 136 .. I14. 8A. 60. 35. 1l.j.. 1701. 130. 1}}7. 11 t. 155.



LOCATION BE:THEl; ALASKA LATl THOf &0 IJEGPI="ES 4& "'PlltTES

MONTH 7 HO 3411~ TO':! '7. TnT 54. KT .)9A KD .1 R)

ORIENTATIO~J HOURLY S0LAP. RAOI ATIO~I "AILY TOTAL SAr,/nAyTIME ~~~/AlL nAY
4 5 6 7 8 9 10 11 12 13 14 l' lfi 17 IB 19 20 RAnYATlor-j SATGS ~aTG" ~ATGS SATt,n

--------------------~---------~--------------~---~----------~----------------------SOUTH 4. 10. 16. 21~ '.2. 76. Q5. 107. 112. In7. qS~ 7fi. l)? 27. 16. 10. 4. A86. qA 4 no. 1'5. 10094
SOUTHI'IEST 4. 10. 16. 23. '504 ~6. us. 71. °2. 1IJ6. 1134 11n. 99. AO. 54. ;?6. 5. C121~ Inn. 133. ... l1n.
\'lEST 4. 10. 16. 23" '". 36. 110. 4'. u4. fiB. &\P. 101. l"16. 100. B2. 51. 11. p,51. 07. 121. A4. IOf,~

NORTHWEST 4. 10. 16. 23. 'HI. 36 .. uo. 4~. 44~ 43. 40. "14. fi". 15. 71. 51. 13. 6"19. A8. 111. 17. 9u.
NORTH 9. 27. 28. 23. '0. 36. 40. 4~. uu. u3. 40. 36. 30. 23. 2B. 27. 9. '516. AI. IDO. 1:>. 09f..
NORTHEAST 13. 51. 71. 75. 6A. '14. 40. 43. u4. u3. UO. 3< • 30. 23. 16. 10. u. f,5C1. A8. 11 t. 77. 9u.
EAST 11. 51. B2. 100. 1116. ItH ~ 85. flA. U4. 113. 40. 36. 3D. 23. 16. 10. 4. "51. 07. 127. F\4. 1°6.
SOUTHEAST 5. 26. 54. BO. c9~ UO. 113~ 10h~ 92. 71. 45. 36. 30. 23. 16. 10. 4. q21. Inn~ 1~34 Afi. 11 0 ~

HORI z,. 7. 23~ 45. 69. 91. 111. 127. 136~ 1194 1~6. 127. 111. 91, 69. 45. 23. 7. 1357. pn 4 16q. Inl. 131.

MONTH B HO 2640. Ton ')5. TOT 53. KT .33fi KD .1S1r:J

ORIENTATION ~nURLY SOLAR RADIATION I'M IL Y TOTaL SA~/DAYTT~t SA~/ALL nAY
4 5 6 7 H 9 10 11 I? 13 14 l' 16 17 18 19 ?O RAiiUTlON SATG5 SATGn SATGS SATGn

---------------~-------------------------------------- -----------------------------SOUTH O. 3. 9. 22. 't ~. 63. 80. 91). qf~ • 90. AO. 6:.'1. 43. 22. 9. 3. O. 7IS. Qu. 1~4. 77. %.
CJ1 SOUTHWEST D. 3. 9. 16. ?2. 28. IlO. 60. 77. AB. 91. 8A. 76. 56. 31. 4. o. r,.q9. 03. 121. 76. ql~ •

CJ1 WEST O. 3. 9. 16. >2. 2A. 32. 35. 3f,,, <;4. 69· 77. 71. 67. 43. 6. O. 574. ~f,. 110. 7? A7.
NORTHltEST O. 3. 9. 16. ?:=!. 28. 32. 35. .:'16. 2'15. 32. 37. 46. 47. 36. 6. n. 421 • 71'1. 0'. 61. 7,1],.

NORTH O. 4. 13. 16. 22. ;:>8. 32. ,35. .:'16. 35. 32. 2A. 22. 16. 13 .. 4. D. ~37 .. 73. J:\7. .4. 73.

NORTHEAST O. 6. 36. 47. 4fi. 37. 32. 3'5. '6. ~5. 32. 2A. 22. 16. 9. 3. n. 0?14 7R. 06. <7. 7R.
EAST O. 6. 43. 67 .. 77. 77. 69. 54. 36. ;5. 32. 2A. 22. 16. 9. 3. O. ')74. A6. 11 [). 72. 137.
SOUTHEAST O. 4. 31. 56. 76. Aa. 91. gA. 77. 1'10. 40. 2A. 22. 16. 9. 3. ". 6R9. 93. 1?t. 76. 94.
HaRTZ. O. 5. 21. 40. 60. 77. qt. 99. 102. 99. 91· 77. 60. 40. 21. 5. O. ARA. l':>3. 141. A:'I. 10(,.

MONTH 9 HO 1689. TOO 47. TnT 45. KT .406 KD .]" "3

ORlnlTATIO~J I--rOURL Y snLA.p gAO IA TI O~'l nATLY TnTAL 5Ar,lnAYTr~~ ~AG/ALL nAY
4 5 6 7 0 9 10 11 12 13 14 15 16 17 IB 19 20 PAntATTOn saTGS ~AT~n ~~Tr,S SATAn

-----------------------------------------------------------------------------------
SOUTH O. O. O. 17. 119. 'D. 106. 12~. 1?7. 1~2. 106. 80. 4Cl. 17. O. o. n. A14. tn6. 1'1~. 7'1. 9R.
SOUTHWEST O. o. n. 7. ] It. 21. 44. 7u. cq. It5. 120. 11? AFt. 44. O. O. n. 738. 07. 13'1. 71. Clri.
WEST O. O. O. 7. tIl. ~1. 26. 2q. :::'\0. 57. 70. 9n. ". 49. O. O. O. 4,1H5. on. 105. for'. ".
NORTHWEST O. O. O. 7. Itl. 21. 26. 2q. :'104 ,9. 26. 27. 39. 30. n. D. n. ?77. <6. po. "''1. 6?
NORTH O. O. O. 7. 14. 21. 26. ?9·. :-'0. >9. 2fi. 21. 14. 7. O. O. O. 223. l';.:). 74. 53. Sq.

NORTHEAST O. O. O. 30. '0. 27. 26. ;:l'~ • 'n. :)9. 26. 21. 14. 7. O. O. O. 277. 6<. AI). 51';,. 6?.
EAST O. O. O. 49. R3. qO. 70. '7. ::'>0. ?9. 26. 21. 14. 7. D. n. o. 4A'. 00. lOS. .? 75.
SOUTHEAST O. O. O. 44. RI'l. 112. 120. 115. 99. 74. 44. 21. 14. 7. O. O. n. 73A. Cl7~ 135. 71 • °0.
HOR TZ. O. O. t. 17. '-11. 63. HI. 92. 06. 92. AI. 63. 41. 17. 1. O. O. 6f]5. °4. 12Q. f,o. A7.



LOCATION PETHEL, ALASKA LATITIIOF 60 DFEQFES 46 MINIlTES

MurJTH 10 HO 859. TO') ". T01 32. KT .432 KO .1'\5

OA lEI ITATI Or! H('IUPLY snLAR QADIATION "AlLY T'HAL SA~/O~YTt~( SA~/ALL nAY
4 5 6 7 " 9 10 It 12 13 14 I" 16 17 18 19 20 RAfH~nON SATGS SATGD SAT~S SATGO
------------------------------------~------~------------~--------------------------SOUTH O. O. O. O. lB. 12. 112. 1:3 7 • 141:;. LH. ]12. 7? IA. O. O. O. O. J\2:3~ In1. 1')1. !iRe AO.

SOUTH~:EST O. O. O. O. 4. 10. 44. 7°. lOA. 125. 124. 97. ::\0 • O. O. O. O. 622. "". 121. ~? 6R.
WEST O. O. o. O. ". 10. 15. I q. 20. "1. 72. 71. 27. O. O. O. O. 2ql. "A. 71. 41. 49.
NOr~nl~EST O. O. D. O. ". 10. t5. 19. 20. 19. 15. iO. 10. O. D. O. D. 123. "4. 52. :"6. '9.
NOhT/-I O. O. O. O. ". 10. 15. 10. ~D. t9. 15. 10. 4. O. D. O. O. 117. II ". 51. ~6. 39.
NORTHEAST O. o. o. O. 10. 10. I". 19. 20. 19. 15. 10. 4. O. O. O. O. 123. "4. 52. 36. '9.
EAST O. O. O. O. 27. 71. 72. ')1. 20. 19. 15. 11). 4. D. O. O. O. 2q1. "A. 77. 41. 49.
SOUTHEAST O. O. O. o. 10. 97. 124. 125. 1nfl. 79. 44. ID. 4. O. O. O. O. 622. R'). 127. 5? 6B.
HORrZ. O. O. O. O. 8. 30. 50. 63. tiR. 63. 50. :30. 8. O. O. O. O. 312 .. 64. RQ. 44. 53.

MONTH II HO 317. TOO 19. ToT 17. KT. .:3qg KD .1R3

ORIENTATIOIJ 40URLY snLAR RADrATln~ nAILY TOTAL SAG/DAYTIME ~AG/ALL DAY
4 5 6 7 A 9 10 II 12 13 14 " 16 17 IA 19 20 RAOTAlIO'" SATGS ~ATG~ SATGS SATGO
------------------------------------------------------ --------~--------------------SOUTH O. O. O. O. O. 2. 69. 12n. 1~6. 1:;)0. 69. ? O. O. O. O. O. ')1R. 79. 129. :.'14. 47.

SOUTHWEST O. o. O. O. O. 1. 26. 67. qg. 107. 74. ? O. O. O. O. O. 37A. 63. 99. ?9. 39.m wEST O. o. o. o. O. 1. 6. 9. 10. ". 39. 2. O. O. O. o. n. lOS,. :.u • 41. 2D. 23.0'\
NORTHWEST o. O. O. O. o. I. 6. 9. I D. 9. 6. I. D. o. O. O. O. 42. ?4. 20. lA. 19.
NOIHH O. O. O. O. O. 1. 6. 0. 10. 9. 6. t. o. O. O. O. O. 42. ?4. ;?A. IA. 19.
NORTHEAST O. O. O. O. O. 1. 6. 9. 10. 9. b. 1. O. O. O. O. D. 42. 24. 2B. lA. 10.
EAST O. O. O. D. O. 2. 39. 37. 10. 9. 6. 1. D. O. D. O. O. In5. 'to 41. eo. 23.
SOUTHEAST O. O. o. o. n. 2. 74. 107. q.q. ,;7. 26. t • O. o. O. O. D. ~7R. 63. 99. ?9. ~g.

HORTZ. O. D. O. O. O. 2. 15. 29. 34. ?9. 15. 2. O. O. O. O. o. Ln. ::14. 46. 21. 24.

t-IOtJTH 12 ~O 158. Ton 9. TOT 7. KT .4sq KD .1Ab

ORIENTATIOrr f-lQURL Y snLAR qADT ATIO~I l')AILY TOTAL SAt,/nAYTIM~ ~AG/ALL nAY
4 5 6 7 0 9 10 11 12 13 14 15 16 17 18 19 '0 RAf1TATtON 5ATGS ~~TGl') 5ATr,S SATGD

-----------------------------------------------------------------------------------
SOUTH O. 0 •. o. o. n. o. 21. 13A. 1~3. 1~8. 21. o. O. o. O. o. O. 5(12. '3. 144. ?3. 36.
SOUTH'flEST O. O. o. o. n. D. 9. 76. 131. 122. 23. D. O. O. o. O. o. 3&1. 63. 106. to. ?A.
wEST O. O. O. O. n. O. 2. n. 7. ;a. I? n. o. o. o. O. o. ". 10. 27. 9. 11.
tlORTH\.o:EST O. O. o. o. o. o. 2. n. 7. 6. 2. O. o. o. o. O. D. 22. 13. 15. A. A.
"DAHl O. O. o. o. O. U. 2. n. 7. 6. 2. n. n. O. o. O. D. 22. 1:'i. 15. A. A.
tJOflTHEAST O. o. o. o. O. D. 2. 6. 7. 6. 2. n. O. n. o. o. D. 22. Ii. 15. A. A.
EAST O. O. O. O. O. U. 12. ;:\q. 7. 6. 2. n. O. o. o. O. O. 65. lq. 27. 9. It.
SOUTHEAST O. O. o. O. n. O. 23. 12? 131. 76. 0. n. o. o. O. D. D. 161. 63. 106. 10. 2A.
HORTZ. O. O. O. O. o. O. 4. 19. ~6. 19. 4. O. O. O. O. O. O. 73. 20. 29. 10. 11.



LOCATION FAIRBA,I.JKS, ALASKA LA TITItOF' 61+ nf':;I)~ES 409 ·~TN[lTF.S

t-lONTH 1 HO l1+Q. TOO -7. TnT -10. KT .6:'o"l KO • H;U

aRIEt/TATIO'j "OURLY S(\LAP RADT.ATIf)t.l nA IL Y TOTAL SA~/DAYTr~F ~A~/ALL DAY

" 5 b 7 A 9 10 11 12 t3 14 " 16 17 18 10 ?O PAnYAT10N ~ATGS SATGn SATGS 5AT,:;n
-----------------------------------------------------------------------------------

SOLJTH O. O. O. o. o. O. 36. 237 • 317. ?'7. 36. O. O. O. o. n. o. A64. 111\. 2?0. ,.. 4 I •
sOUnn·.EsT O. O. O. 0. O. O. 13. 12P. 2~7. ?11. 39. n. O. n. o. n. O. ;,17. A2. 155. 1'::1 • 26.
wEST O. o. O. o. n. O. 2. 5. 7. '4. 20. n. O. o. O. O. O. 9A. 7. 19. -7. -4.
NOkTHWEST O. O. O. O. o. O. 2. 'i. 7. 5. 2. O. O. o. O. O. o. 22. -4. -1. -9. -9.
t~OH.TH O. o. n. o. o. O. •• 5. 7. 5. 2. n. O. o. o. n. o. <':2. -4. -I. -g. -g.

NOHTHEASr fl. O. O. o. O. O. 2. 5. 7. 5. 2. o. o. O. o. O. O. 2? -4. -1· -Q. -q.

EAST O. O. O. O. o. O. 20. fiJI. 7.• 5. 2. O. O. O. O. o. O. 9A. 7. 19. -7. -4.

SOUTHEAST O. O. O. O. O. O. 39.211.2?1. 1?-8. ". O. O. o. O. O. O. 1')17. G2. 155. 10. 26.
HORTZ. O. O. O. O. 11. O. 4. 25. 3b. >5. 4. O. O. O. O. O. O. 95. 7. 18. -7. -4.

MONTH 2 HO 665. TOri O. TnT -3. KT .S">F. KD .1AO

ORIENTAT!Orl '-lOUl'~LY SI')LAP PADJI\TJOM r'lAILY TOTAL SA~/DAyTI~E SAG/ALL nAY
4 5 b 7 0 9 10 1I 12 t3 14 1" 16 17 18 19 20 RAnIATTON S~TG5 SATGh SATfiS SAT6D

-----------------------------..-----------------------------------------------------
SOUTH O. O. o. O. 10. 93. 161. 2h2. 216. 202. 161. 93. 10. O. O. O. O. 1149. 1no. Hl.l. 34. 64.

on SOUTH~iEST O. O. O. O. 2. 9. 57. 112. l<:;Q. 1,1:\3. 179. 12A. 16. O. O. o. O. '\45. 73. LB. ?4. 46.

" WEST O. O. O. O. 2. B. 13. to. >R. 67. 99. 02. 15. O. O. o. n. ,1:30. ~q. 52. 7. 16.
NORTHWEST O. O. O. O. 2. B. 13. 16. 18. 16. 13. R. 6. O. o. o. O. 101 • 9. 16. O. 3.
NORTH O. O. O. O. 2. O. 13. lIS. lB. 16. 13. a. 2. O. O. O. O. 97. o. 16. O. 3.
NORTHEAST O. O. O. O. b. 6. 13. 16. la. lb. 13. a. 2. o. o. o. O. 101. 9. 16. O. 3.
EAST O. O. o. O. 15. 92. 9g. 67. lB. 16. 13. a. 2. o. O. o. O. 'BO. 29. 52. 7. 16.
SOUTHEAST O. O. o. O. 16. 128. 179. 183. l~B. 112. 57. 0. 2. O. O. o. O. R45. 73. LB. ?4. 46.
HORIZ. O. O. o. O. 4. 27. 51. 67. 73. ". 51. 27. 4. O. O. O. O. 370. ~2. 5B. g. la.

MONTH 3 HO 1414. TaD 13. TOT 9. KT .674 KD • Il5f,

ORIENTATlOr·j I-lQURLY St')LAR RADIATI()~1 1')1\ rl Y TnTAL SAG/DAYTIME SA~/ALL nAY
4 5 6 7 , 9 10 11 12 13 14 15 16 17 la 19 >0 PAnIATTON SATGS 5ATGn SATGS SATeI')

-----------------------------------------------------------------------------------
SOUTH O. O. O. 29. Q7. 166. 221. 257. 269. 2~7. 221. 16". 97. 29. O. O. o. lAoa. 1:'A. 222. 67. 114.
SOUTHWEST O. O. O. 6. n. 20. 15. 142. lQ9. 2~8. 252. 23A. 167. B9. O. O. O. 14SA. In6. Hl2. 56. 94.

wEST O. O. O. 6. 13. 20. 25. 2~. 29. q6. 150. IS? 175. 101. O. O. O. 826. 6(,. lOR. ,5. 57.
r~ORTHwEST O. O. O. 6. 13. 20. 25. ?A. :?9. ?B. 25. 31. 68. 57. O. O. O. 331. 3tJ. 51. ::"0. 28.
t-.lORTH o. o. O. 6. 13. 20. 25. 28. 29. >8. 2'5. 20. 13. 6. O. O. O. 213. 27. 3B. 16. ?l.
NORTHEAST O. O. O. 57. 68. 31. 25. ?!3. ?9. ;::08. 25. 20. 13. 6. O. O. O. 331. '4. 51. 20. 2a.
EA5T o. O. o. 101. 175. 1A2. 150. 9f, • ~9. ?o8. 25. 20. 13. 6. O. O. O. 1326. 66. lOR. :15. 57.

SOUTHEAST O. O. o•. 89. 1Q7. 238. 252. 23~. 10 9. 11+2. 75. 20. 13. 6. O. O. O. 1458. 1(16. 182. ")6. 94.
HORIZ. O. o. O. 19. 56. Ql. 120. pq. 144. n6. 120. qt. 56. 19. O. O. O. 993. 76. 128. 41. 67.



LOCATION FAIRBMII':S, ....LAC;~A LATITIJDF 64 nFfioFES 4A uINIITEC;

MONTH 4 HO 2512. TOO ::\2. T01 29. KT .6ll.7 KO • 1M;:'

ORIErHATlO~J HOURLY snL.IIR PAOTJ\TION OnLY TnTAL 5A~/nAYTI~~ SAr./ALl ~AY

4 5 6 7 A 9 '0 11 12 13 '4 " 10 17 IB l A 20 RAnT I\TTO~I ~~Tt,S r.j\Tr,n ~AT~S ~ATGn

--~-----------------------------~--------------------------------~-----------------
SOUTH D. 4. 10. 43. OA. t51. lq5. 22~. 232. 2?3. 195. 1'11. 913 .. 43. 10. 4. n. li;7q. 1 P;. 1A3. A3. 1?7.

SOUTHWEST D. 4. 10. lA. ?:5. "1. ,7. 126. 176. ?l2. 229. ??~. 200. 153. AB. 'c. O. t c;~lI. 11 1 • 17'5. $ln. Pt.
WEST D. 4. I O. lB. 2<). ::"11. 3". 3°. 40. 1nO. 150. Info. 10q. lR4. 132. 35. n. 119{l. °1. 1"0. it7. cB.

1I0RTHWE5T O. 4. 10. Iq. ?'5. 31. 36. 3c:'. 40. "9. 36. 5'. 01. IH~. 104. 34. D. 6R~. nn. 94. 'I. 6c.

NORTH D. 14. 21. I •• ~'5. :u. :'\6. 3'? II o. :'\9. 3n. 31. 25. lA. 21. 14. O. (1)0. 52. og. 42. C;:3.

r~ORTHEAST O. 3~. 104. llA. "17. on. 3(1. 39. 40. 19. 36. 31. 25. lA. 10. 4. O. ftA6. on. g4. 'I. ng •

EAST D. 35. 1.32. lA4. 1<:19. 1!1.6. 150. Inc. 40. '9. 36. 31. 25. lA. 10. 4. fl. llqQ. °1. 1~o. P. C1Jt.

SOUTHEASt D. 19. RA. 153. ?nn. 7.26. 229. 21? 176. 1'6. 67. 31. "C;. Ifh 10. 4. n. lC;A4. 111. 17'5. AO. l' 1.

HOR!Z. D. 8. 3f.. 7~. toq .• t42. 167. lR3. PI-A. lA3. 1"7. 14? .. 109. 73. 36. A. O. 1625. In. PA. A' • 1(111 ..

folOllTH 5 HO 3356. TOo '50. TOT 47. KT .,4" KO .1p?

ORIEtlTATIO" HQUqLY SOLAP qAOTJ\TIO~J nAILY TOTAL 5A~/OAYTI~E SA~/ALL nAY
4 5 6 7 " 9 10 11 12 13 14 15 10 17 18 19 20 RAntATTon SATGS ~ATG~ S~Tr,S r~Tr,~

-----------------~-----------~----~---------~----------------------------~---------
CJ1 SOUTH 6. 12. 19. 36. 77. 115. IllS. 11'". 172. 11;5. 145. 11<). 77. 36. 19. 12. 6. 1"23. I n8. 1<)2. 0". 127.

m SQUHthEST 6. 12. 19. 2". 32. '38. ')7. qq. D'S. 1"'0. 173. 172. 156. 127. 89. 47. 13. '''61.1. 110. 15,. C4. l"n.
WE::ST 6. 12. 19. 26. :"2. 3(1. 112. "', 46. ,B. t24. 15h. 163. 159. 137. 96. 40. 1226. F14. 14"'. 1=\0. Pl.
UORTHWEST 6. 12. 19. 26. 32. ~B. 112. 4'5. lit; • 45. o;? 6~. 93. 112. 115. 95. If7. AP;? ,g. llA. 7e. JIll.

NORTH 30. 46. 37. 20. :12. ~B. 42. 0"' .. 'Jh. 45. 42. 3A. 32. 26. 37. 46, ~O. 641. 7A. 1 IH) • 0°. '0.
NORTHEAST 47. 95. 115. 112. °3. n3. 4? us. 110';. If5. 42. 3A. 32. 26. 19. 12'. o. Af\2. Qq. 1 1~. 7'. 11"l1 •

EAST 40. 96. 131. 159. 1?3. i50. 1?ll. "". 116. 115. 42. 3A. 32. 26. 19. 12. o. 1226. tf'l4. 11.15. po. t? 1.

SOUTHEAST 13. 47. 8 c • 127. 1 "'(~. }12.' 173. If.r) • I~S. Q9. 0;7. 3". 32. 26. 19. 12. 6. 1:'161.1. 11 n. 15'1. 04. 130.

IlOH I Z. ,4. 36. 64. q4. 1?2. Ill? • 167. 17q. 1A3. 179. 167. 147. 122. 94. 64. ~6. 14. IP'j3. l~n. l Q l. 1 tn. 1"'8.

t>101lTH 6 HO 3721. TOO '2. TnT 59. KT .5:>0 KD .IRIJ

ORIE"NiATIO~1 \.lOURlY snLAP QADtJlTIOtI I"'IAILY TnT/lL SJlG10AYTT\I':.: t:; .... r;/J\LL "I\Y
4 5 6 7 e 9 10 11 12 '3 14 l'i 16 17 18 19 20 PA·nUT!('IN S/lTGS S/lTr;n SI\TGS S/lTr.n

------------------------------------------_.---------------------------------------
SOUTH 9. 15. 22. 35. 73. 108. 136. 154. 1':'0. 1<)4. 136. lOP. 73. 35. 22. 15" 9, 1271. 112. 151). In). 06.

SOUTHWEST g. 15. 22. 2A. 35. 4O. 55. 94. 1:>7. 1'il. 163. 16:>. 14~. 122. 88. 51. Ie. 1:-i4{l. 11 ,. 15,. If'll'\. 11.10.

WEST 9. 15. 22. 2e. 3'5. llO. 45. 47. 4A. R7. 121. 14<;. 157. 155. 137.1 n4. 60. 1?7A. 11.? l"i 1 • In3. 1'7.
NOf./1HI'.E5T 9. 15. 22. 28. ~5. '10. 45. 47. 413. 47. 45. 67. 95. 113. t18. 106. 7';!. 01=\1 .. 1" t • 130. 03. 11 Q.

NORTH If6. 54. 43. 28. ''i. liD. 115. 47. 'JR. Ll7. 45. 4n. 35. 2B. 43. 54. 40. 76lJ. Q:? us. A'i. F}'1.
l~ORTH~AST 72. lOb. 11ft. 113. 0'i. 67. 45. 47. 4A. 1!7. 45. 4n. 30;. 28.. 22. 15. g. "Rl. 1n 1 • BO. A3. 11 q.

EAST 60. 104. 137. 155. 1'";1. 145. 1;;>1. A7. I~A • 47. 45. 40. 35. 2P-. 22. 1'5. 9. 127R. I 12. ti5t. Irn. 1",,7.

SOUTHEAST lB. 51. AR. 122. llfA. 162. 163. 1'1. 1.:'7. 94. 55. 4n. 35. 2A. 22. 15. c. 1"L10. 11"5. 1"i" I fl 'i .. 14n.

HORIZ. 24. 47. 74. 10:;:l. 1::;>0. i53. 171. lA2. 1°6. lA2. 171. 15~. 12 Q • 11)2. 74. 47. :>4. 1°6°. l"CI. 1~9. 1'1. nfl..



LOCATIOI'J FAIRBAIJKS, ALASKA LATITtJOF 64 nrf;RFES 48 "'INIITES

,....O~JTH 7 HO 3367. Ton 64. TeT 61. KT .4Qo; KO .un

OI1IErJTATlOr~ l.l0unLY Sf'LAP PAOTAT1o~F nAILY TOTAL SA~/DAYTIM~ 54G/ALL DAY
4 5 6 7 " 9 10 11 '2 " 14 " 16 .17 lA 19 ~O RMlTATTON SATG5 SATGD SATGS SATGD

-----------------------------------------------------------------------------------SOUTH 6. 12. 18. 34. fill. 100. 12"i. lu". IIJ. 7. 142'. 12"C:i. Ion. 6A. 34. 18. 12. 6. USR. 114. 152. UH. 1:'11 •
SOUTHWEST 5. 12. lA. 25. , 32. :n. ". a"1.. 117. L\8. 148. 146. 1"\2. IDA. 75. 40. 12. 11 gi. 115. 155. 102. 133.
wEST 6. 12. 18. 25. ~2. 37. "1. 1!4. ",. ?9. 108. 12~. 138. 13~. 114. 79. :'13. t077. 110. 146. 98. 126.
NORTHwEST 6. 12. Iq. 25. 12. 37. 41. 4 11. 45. 44. 41. SR. AI. 96. 96. 78. :.'IR. 797. qS. 12C;. PA. 109.
r~QRTH ?:i. 39. 34. 25. ~2. 37. 41. 41~ • 45. 44. 41 • 37'. 3~. 25. 34. 3Q. 25. 60Z. 00. 110. ~1. 07.
rlOR THE AS T 38. 78. 96. 9/; • Pl. ''is. 4[. 44. "5. 44. 41. 37. 32. 25. 18. 12. 6. 7g7. 9A. 125. BA. 109.
[A5T 33. 79. ll'q. 133. 13~. 1?9. 10'9. 79. 45. ... 41. 37. 32. 25. 18. 12. 6. 1071. 11 o. 146. 9A. 126.
SOUTtiEAST 12. 40. 75. lOR. D?. 146. 148. 138. 117. A8. 53. 37. 32. 25. 18. 12. 6. 1191. 115. 15"i. 102. 133.
HOHIZ. 13. 33. 57. B4. Hl(~. 131. 148. 151). 162. 158. 148. 131. 109. 84. 57. 33. 13. 16:.'13. 134. 189. 111. 160.

MONTH 8 HO 2500. TO~ SA. TflT 56. KT .463 KO .IAn

OR I t/'IT ATI 0: j POURLY SOLAR RADIATIOM nAILY TOTAL SAG/DAYTIMt SAG/ALL DAY
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 RAnIATION SATGS SATGO ~ATGS SATGn

-----------------------------------------------------------------------------------SOUTH O. 4. 10. 31. n5. 9R. 1?4, 141. 147. 1'~1. 124. 9A. 65. 31. 10. 4. O. 1094. 116. 160. 0'. 122.

Ul
SOlJTH'fjEST O. 4. 10. 17. ~4. 29. 52, 86. 115. 115. 144. 140. 122. 92. 52. 11. O. Ifl35. 113. 154. 91 • 11fl.

<0 WEST O. 4. 10. 17. 2L~ • 29. :34 • 37. 'S. 71. qq. 117. 122. 109. 75. 19. o. A07. 101. 1"33. 83. 1'"14.

NOHTlt\~EST O. 4. 10. 17. ?4. >9. 34. 37. '8. ~7. 34. 4;;\. 64. T~. 60. 19. O. 52:.'1. 86. 101. 73. 87.
IjQRTH O. 9. 16. 17. ':?4. 29. 34. 37. 38. 37. 34. 29 • 24. 17. 16. 9. O. 371. 78. 93. 68. 78.
r~ORTH[A5T O. 19. 60. 73. 64. lJ.3. 34. 37. 3A. .;7. 34. 2q. 24. 17. 10. 4. O. ~23. Ali. 107. 73. 87.
EAST O. 19. 75. 109. 122. 117. 99. 71. 38. 37. 34. 2q. 24. 17. 10. 4. O. A07. 101. 133. 83. 104.
SOUTHEAST O. 11. 52. 92. 122. llJ.O. 144. 135. 115. 86. 52. 2q • 24. 17. 10. 4. O. 103'). 113. 1540; 91. !lR.

HORIl. O. 8. 28. 53. ?A. 100. 118. 128. 132. 128. !lA. JOO. 70. 53. 28. 8. O. 1157. 119. 166. 95. 126.

r':Or~TH 9 HO 1481. TOD 47. TOT 45. KT .419 KO • lRI~

OHI[/'JTATIlJrl flQUPLY 50LAR RADIATIO~1 nArtY TnTAL SAfi/nAYTI~~ SAG/ALL nAY
4 5 6 7 8 9 10 11 '2 13 14 l' 16 17 18 19 ~O PAnT ATTON SATGS ~ATGO SATGS SATGn

---------~-------------------------------------------------------------------------SOUTH O. D. O. 16. 4Q. P.3. lll. 12':l. 1~.5. P9. 111. 8?i. 4°. 16. O. O. O. Q12. In9. 15;,. 76. 100.

SOUTtiwEST O. O. O. 6. 13. 1H. 45. 7? 101. 1::>0. 12"). l1A. Bq. 4[. O. o. O. 7"i4. °A. D7. 70. °0.
wEST D. O. O. f" n. t8. 2"3. ?"'. >6. '". 79. 91. A3. 46. O. O. O. 4AG. 79. 103. 61. 73.
r~ORTlhi[ST O. D. O. f.. 11. lB. ?:~. 2':'. ~6. 25. 23. 2.1. 37. 2A. O. O. O. ?qq. '". 77. "3. 60.
NOraH o. o. o. n. 1.3. 19. 23. 25. >6. 05. 23. ,.. 13. 6. O. O. O. 19f\. 60. 71. "il. S7.

!'fOr..THEAST O. O. O. 2Fh ". 23. ?3. 25. ::'6. .::>5. 23. I". 13. 6. O. O. O. 249. 64. 77 • 53. 60.
EAST O. O. O. 46. 83. ql. 79. 50' >6. :>5. 23. lAo 13. 6. O. O. O. 469. 79. 10"'5. 61 • 7';.

SOUTHE:ASl O. O. o. 41. '0. 116. p'5. PD. ln3. n. 45. 1P. n. 6. O. O. O. 754. OR. 137. 70. QO.

HORrZ. O. O. 1. 15. 36. '7. 74. 84. "8. A4. 74. 57. ~6. 15. 1. O. n. 620. I'\q. 121. 66. H2.



LOlATIOr>l FAIPBArIKS, ALAS"'A LA TI TUOE: 64 nEGQ,::ES 48 '~HlllTfS

Mot~TH 10 HO 639. Tan 30. TnT 27. KT .41F. KO .1~4

QRIENTATIDtl HOUPLY Sf\LAP PADIATtnt..1 nA Il Y TI)T AL SAG/nAYTr~F- SAG/ALL nAY
4 5 6 7 n 9 10 11 '2 13 14 l' 16 17 lA 19 20 RAfHATION SATGS SATGn SATGS SA1Gn

------------------------~------~~-----~-----~------------~-------~-~-~--------~----
SOlJTH O. O. o. O. 4. 56. 1,,2. 13f). 1l1.0. DO. 102. 56. 4. O. O. O. O. 723. o:~. 144. 51;, 7n.
SOUTHWEST O. O. O. O. 2. 8. 3A. 74. 1113. 118. 112. 75. 6. O. O. O. O. 53A. 17. 115. 1.15. 50.
WEST O. O. o. O. 2. 7. 12. 14. 15. 46. 64. 55. 6. O. O. O. O. 221. 4q. 65. 35. 40.
NORTHWEST O. O. O. O. ? 7. 12. 14. 1'1. 14. 12. 7. 3. O. O. O. D. A7. ~7. 43. ~O. ~J.

NORTH O. O. O. O. 2. 7. 12. 14. 15. ,4. 12. 7. 2. O. O. O. O. 86. 37. 43. 30. 32.
~JORTHrAST o. O. o. O. "I. 7. 12. 14. 15. 14. 12. 7. 2. O. O. O. D. 87. 37. 43. ~f'). :.'13.
EAST O. O. O. O. 6. 'is. 64. 46. I'. 14. 12. 7. 2. O. O. o. O. 221. 40. 65. :'\5. 4D.

SOUTHEAST O. O. o. O. 6. 75. 112. 11q. In3. 74. 38. A. 2. o. o. o. O. '38. 77. 115. 45. 'io.
HORrz. o. o. O. o. 3. 19. 36. 4A. 1';2. 48. 36. 10. 3. O. O. O. O. 266. 53. 7~. ~6. 43.

MONTli 11 HO 143. TOO 'i. TnT 3. KT .470 KO .1Ji6

ORIENTATIO~1 JlOURL Y SOLAR RADt/lTIO~1 nAILYTOTAL SAG/DAYTIME SAG/ALL nAY
4 5 6 7 8 0 10 II 12 13 14 l'i 16 17 18 19 ?O RAnIAT!ON SATGS SATGO 5AT~S SATG~

-------------.---------------------------------------------------------------------
SOUill O. O. o. o. O. O. lB. 142. 1°4. 142. IA. o. O. O. O. o. O. 513. AI. 142. 20. :'13.

SOUTHWEST O. O. o. O. O. o. 7. 77. 1-:39. 126. 19. n. O. O. O. O. n. 369. 60. 1114. 15. ::u:; •
Ol wEST a. o. o. o. o. O. 2. 'i. 6. 39-.. 10. o. a. O. O. o. O. 63. 15. 22. 'i. 7.
0 r~ORTH\"E5T O. O. n. O. o. O. 2. 'i. 6. 5. 2. n. O. O. o. o. O. 20<,· A. 11. •• 4 •

NORTH O. o. O. O. O. O. 2. 5. n. 5. 2. n. o. o. O. O. n. 20. A. 11. 4. 4.
NORTHEAST O. O. o. n. o. O. 2. 5. 6. 5. 2. O. O. o. o. o. 0 .. 20. A. 11. 4. 4.
UST 0.· o. O. O. o. u. la. ~'1. 6. 5. 2. n. n. o. o. o. n. n,. l'i. 22. 'i. 7.
SOUTHEAST O. O. O. O. O. O. 19. 12(,. 1:0:9. 77. 7. n. O. O. O. o. O. 369. 60. 104. 1S. ?<i.
HORrZ. o. O. o. O. O. ,0. 4. 17. ?5. 17. 4. O. O. O. O. o. O. 67. 15. 23. 'i. 7.

MONTH 12 HO 28. TOn -7. TnT -9. KT .4'A KO .1 J=l(,

ORI.ENTATlm: HOUPLY 50LAP RAOTATIC'f'.I nAILY rnTAL SAR/DAYTr~E ~A6/ALL nAY
4 5 6 7 A 9 10 11 12 13 14 IS 16 17 18 I" 20 RAnIATTON 5~TGS SATGn 5~TGS SATr,O

------------~----------------------------------------- -----------------------------SOUTH O. O. o. O. n. o. O. 7. 2S0. 7. O. n. o. O. O. O. O. 263. nO. 115. -I. 6.
SOUTH..... EST n. O. a. o. o. O. O. '.. 177. 6. O. n. o. o. O. O. • O. lA7. 41. AO. -~. 2.
WEST O. O. o. n. n. o. O. I. 2. 2. O. O. o. O. o. o. n. 6. -5. -.. -9. -c.
NORTHWEST O. O. o. a. o. o. O. 1. 2. 1. O. O. o. o. O. o. o. •• -6. -,. -0. -9.
NORTH O. o. n. o. o. O. O. 1. ? 1. O. n. o. o. o. o. O. 4. -6. -5 .. -q. -q.

NORTHEAST O. O. O. O. O. o. O. 1. ? 1. n. o. o. o. o. o. O. 4. -n. -5. -c. --q.

EAST O. U. o. o. o. o. n. 2. ? 1. O. O. o. o. n. o. n. n. -'i. -4 .. -9. -q.
SOUTHEAST O. O. o. o. O. O. O. 6. 177. 4. O. n. n. o. n. o. o. un. .,. AD. --:'I. ?

HORrz. O. O. n. O. (I. O. O. 2. 10. 2. O. O. O. o. O. o. o. 13. -,. -I. -0. -A.



LOCATION MATANUSKA, ALASKA LATITIIDE 61 nE'G~FES 30 ""HUITES.
MONTH 1 ~o 291. TOo l/•• TOT 13. KT .513 KO .1Af.

ORIENTATIOt: ~l("llJPl Y SnL,ap RADTi\TTnN OAILY TnTAI. 5A~/DAYT1~E SA~/ALL nAY
4 5 6 7 P 9 10 11 I? 13 14 " 1" 17 18 10 ?o RAnIATIO~1 5ATGS ~ATGry ~ATGS ~ATGn

-~------~----------~-------~-----------------------~-- -----------------------------
SOUTH O. O. O. o. n. 1. 97. 177. 2(13. 177. 97. ,. O. O. O. O. O. 753. 1°4. 171. 37. 57.
SOUTHWEST O. o. o. o. O. I. 35. qB. 147. 1"iB. 104. 1 • O. O. O. O. O. '544. 7q. 132. 30. 45.
WEST O. O. o. o. O. I. 6. Q. 11. ,2. 5". I • O. O. O. O. O. 134. 30. "3. 17. 21.
NORTHWEST O. O. o. o. O. I. 6. Q. 11. 9. 6. I. O. O. O. O. O. "e. Jq. 23. 14. 15.
NORTH O. O. o. O. O. I. 6. O. 11. 9. 6. I • O. O. O. O. O. 42. fC}. 23. 14. 15.
NORTHEAST O. O. o. O. O. I. 6. 9. 11. 9. 6. I • O. O. O. O. O. 42. 19. 23. 14. 15.
EAST O. O. o. o. O. I. <.:;4. 5;:>. 11 .. 9. 6. I. O. O. O. O. O. 134. 30. 43. ]7. '.1.
SOUTHEAST O. O. o. o. O. 1. 104. 15P.. 11:7. 08. 35. I. O. O. O. o. O. 54 11. 79. 132. :30. ",.
HORIZ. O. O. o. o. O. 2. 17. 3~. 4;? :"5. 17. ? O. O. O. O. O. 14C? ~2. 46. 18. 22.

MONTH 2 HO 848. TO" ':10 T0T 19. KT .5r'n KO .1 All

ORIEtJTATIOtd qOUJ~LY snLAR PAfJT,dTION DAILY T/)TAL SAG/DAYTI~E SAG/ALL nAY
4 5 6 7 8 9 10 11 \2 13 14 i'; 16 17 18 19 20 RAnUTtON 5AT6S 5AT6D 5QTGS SATGO

-----------------------------------------------------------------------------------
O"l SOUTH O. O. O. O. ~4. gl. 141. 170. IPO. 170. 141. 91. 24. O. O. O. O. t034. 1°6. 176. Ci2. 79.
~ SOUTHWEST O. O. o. O. 4. 11. ")2. 97. 134. lCi6. 156. 12"i. 42. O. O. O. O. 776. .,. Ln. 44. 64.

WEST O. O. O. O. 4. 11. 16. 2Q. 21. (,1.. R9. 91. 37. O. O. O. O. ~51. '0. 74. 31) .. 39.
NORTHWEST O. O. O. O. 4. 11. 16. 20. 21, 20. 16. 11. 13. O. O. O. O. 132. ~2. 41. ?3. 26.
NORTH O. O. O. O. 4. 11. Iii. 20. 21. 20. 16. 11. 4. O. O. O. O. 122. 31. 39. ,?~. 26.
NORTHEAST O. O. O. O. 13. 11. 16. 20. 21. 20. 16. 11. 4. O. O. O. O. 132. 32. 41. 2:.''- 26.
EAST O. O. o. O. .37. 01. R9. 61 .. ?1. eo. 16. 11. 4. O. O. o. O. 351. 50. 74. "10. 39 •
SOUTHEAST O. O. o. O. 42., 125. 156. 156. 1~4. 97. 52. 11. 4. O. O. o. O. 776. AS. 137. 44. 6".
HORIz. O. O. 0'. O. o. 34. 58. 7:". 7A. 73. SR· 34. g. O. O. o. O. 427. 56 .. R'. 32. 43.

MONTH 3 HO 1648. TOO 27. ToT 25. KT .000 KO .179

ORIENTATIO~J HOURLY S~LAP. RADI~TION nAILY TOTAL SAG/DAYTIME SAG/ALL DAY
4 5 6 7 0 9 10 11 12 13 14 15 16 17 18 19 20 RAn tAT ION SATGS SATGn SATGS SATGD

-----_._----~---------_._----------------------------- -----------------------------
SOUTH O. O. O. 6. 12. 16. 20. 22. 23. 22. 20. ,". 12. 6. O. O. O. 176. 39. 48. ~o. 35.
SOUTHwEST O. O. O. 6. 12. 16. 20. 22.. ?3. ?2. 20. Ih. 12. 6. O. O. O. 176. 39. 48. 30. 35.
WEST O. O. O. 6. 12. 16. 20 .. 22. ?3. 22. 20. If'J. 12. 6. O. O. O. 176. :,\q. 4R. 30 .. 35.
NORTHI'/EST O. o. O. 6. 12. 16. 20. 2" • ?3. >2. 20. 16. 12. 6. O. O. O. 176. '3Q. 48. 30. 35.
NORTH O. O. O. 6. ]2. 16. 20. 22. '3. 22. 20. 16. 12. 6. O. O. O. 176. 3q. 48. 30. 35.
NORTHEAST O. O. o. ". 12. 16. 20. 2~. ?3. 22. 20. 16. 12. 6. O. O. n. 176. 3q. 48. :'lO. 35.
EAST O. O. O. h. 12. 16. 20. 22. '3. 22. 20. 16. 12. 6. O. O. O. 176. ~q. 4R. '0. 35 ..
SOUTHEAST O. O. O. 6. I?. 16. 20. 2~. 23. 22. 20. 16. 12. 6. O. O. O. 176. ~q. 4R. :a:n. 35.
HORIZ. o. O. O. 10. Ig. 27. 33. :~7. ~A. 37. 33. 27. 19. 10. O. O. O. 294. 46. 61. 34. 42.



LOCI\TtOfI MATI\NU$KA. AL~S~A LATIrIlOF. (,1 IJFGQFES ,~f) "HIIlTES

MONTH 4 HO 2629. TOn 3°. TnT 3'i. KT • sue; KD .l~?

OHIF.:NTATIOr' l-HJUnLY Srtl./I.R qAIJIATImt '1AILY TI')Tf\L s~r,/nAYTI~f SAG/ALL nAY

4 5 6 7 A 9 10 11 12 " 14 " 16 17 1B 19 2D RAnlATIIJN ~ATGS ~ATr,~ ~ATG5 ~ATr,n

-----------------------------------------------------------------------------------
SOUTH D. 3. In. 34. 77. 118. 15(\. 171. 179. 171. 150. llR. 77. 34. 10. 3. O. 1307. Jrtf). 160. 77. 112.

SOUTHwEST O. 3. 10 lA. 26. ~3. ~7. It:'?. 1':0;9. J~5. 17~. 174. 154. 117. 65. A. D. 1;?4q. lf12. 1')'5. 7'. InA.

WEST O. 3. 10. In. 26. 33. 3B. 41. 112. A6. 123. 14A. 1")6. 142. 96. 15. D. q7A. A9. l?q. 67. q?

NORTH\VtST n. 3. 10. 1D. 2ft. :B. 38. 41. ll;? 41. 3A. 54. B2. 94. 17. 14. O. 613. 7D. %, C:;1'\. 71.

NORTH O. 7. 19. 1A. ~fl. ::n. 3A. Itl • 112. 41. ;>IA. 3". ?6. ·lA. 19. 7. Q. 4nA. '0. 76. 1I'!. l}Q.

NORTHEASt O. 14. 77. 94. 112. 54. 3B. 41. It2. 41. 3A. 3~. 2~. IA. 10. 3. O. £'13", 7D. q6. ';"i. 71.
EAST O. 15. 96. 142. 1,6. 148. 123. An. 42. 41. 3A. Y",. 26. 18. 10. 3. D. Q7fl. FlC!. 129. ". 92.

SOUTHEAST O. B. 65. 117. t54. 174. 178. 161:). 1~9. J112. 57. 3~. 26. 1~. 10. 3. O. 1249. Jn2. 1i)5. 7<>. 10$!.

HORIZ. O. 6. 3n. 63. Q7. 126. 148. 163. l~A. J,,3. 14.13. 12f.. 97. 63. 3D. 6. D. 1433. l' 2. 1'12. AI. ll a •

MOrHH 5 HO 339~. Ton '0. T"T 46. KT .4Q4 KO ol'3r:

CJRIErHATlOf-' HnUPl Y SnL,Il.P RAOT ATI(ltJ nAIlY TOTI\L SAr./I)AYTIM~ SAG/ALL nAY
4 5 " 7 n 9 10 11 12 13 14 l' 16 17 1A 19 20 RAnIATIoN snTGS ~AT~n ~Ath~ SATr,n

----------~---------------------------------------------------------~----~---------
'" SOUTH 4. 10. 1A. 31. 66. tlA. 1:,>4. IIJ.O. 1 116. 140. 124. q~. 66. 31. 18. 10. 4. 1127. In3. 143. A4. I 14.
N SOUTH\'£51 4. 10. 18. 25. 'J. 39. S2. ~7. 117. l~a. 148. 147. 1~3. lQ7. 73. 36. 7. 1174. In'i. 14". AA. 117.

WEST 4. 10. 18. 2'i. 13. :'i9. 44. 47. 4A. AJ. 112. i3:'. 141. 13,. t 13. 72. 1A. It)7~. Il')n. 13~. P::>. 111.
NORTHl'iEST 4. 10. IEl. 25. ':\3. 39. 44. tl7. 4A, 47. 44. 6~. 86. 99. 97. 72. 20. 795. A7. 115. 7'. 94.

NORTH 14. 36. 35. 25. ". Jg. 44. 47. LJJ:!. 47. 44. 39. 33. 25. 35, 36. 14, 590. 7'A. Oq. ". A' ,
NORTHEAST 20. 72. 97. 99. 96. 63. 1~4 • 47, 4A. 4;. 44. 3°. 3-1. 25. 18. 10. 4. 79,. P.7. 1 If;. 73. 04.

EAST 18. 72. 113. 135. 141. 132. 112. fl;;. 4A. 1~7 • 44. 3°, ::n. 25. 18. 10. 4. 1073. Inn. 13~. "2. 111 •

SOUTHEAST 7. 36. 73. 107. rn. 147. I lt8. 13R. 117. A7. 52. 3°. 33. 25. 1A. 10. 4. 1174. 1('1'i. 146. A6. 111.

HORIZ. B. 28. 55. AS. 113. 13R. 157. 16°. 17 3. 1£,9. 157. 13R. 113. 85. ~5, 28. A. 1676. I='A. 1~~. In" • I1I7.

MONTH 6 HO 3711. TOO "jA. ToT 54. KT .4"" KD .IRA

ORIENTATION 1·-lQUPLY S~LAP pADTATI/)tIl nATLY TOTAL SAr./nAYTr~E SAr,/~LL n~y

4 5 6 7 8 9 18 11 12 13 14 15 16 17 18 19 2D RAnlATION SATGS ~ATG~ 5ATr,S SAThn

------------------------------------------------------ ---~------------------~-----~
SOUTH 7. 13. 20. 29. 60. ~9. 112. 127. 1~2. 1:,7. 112. 8°. 68. 29. 20. 13. 7. 1052. 1("13. 13$!. °D. 117.

SOUTHWfST 7. 13. 20. 27. '4. 40. 49. 131. Ina. 126. 135. 134. 12~. 100. 71. 39. 12. 1122. I n6. 143. Cl2:. J "1.
......EST 7. 13. 2n. 27. '". 40. 45. 47. 4B. 79. 106. 124. 132. 128 • 110. "'19. "6. tn7q. 1(14. 140. 01. J19.

NORTHWEST 7. 13. 20. 27. '". 40. 45. 47. 4A. 47. 45. 65. 85. 97. 97. 80. 43. ~45. °4. 122. A:i. i ne;.
NoraH 29. 43. 39. 27. ~4. 40. Its. 47. liS. 1I7. 45. 4n. 34. 27. 39. 43. ?9. 660. A". IDA. 76. °4.
NORTHEAST 43. 80. 97. 97. FI"). 65. 45. 47. 4A. 47. 45. 4n. 34. 27. 20. 13. 7. A45. 94. 1"2. A3. InS.

EAST 36. 79. 110. 1213. 132. 124. 106. 79. 4A. 47. 45. 40. 34. 27. 20. 13. 7. 1079. 1n4. 140. 01. ng.
50UTHI::AST 12. 39. 71· 100. 122:. 134. 135. 126. InR. AI. 49. 4n. 34. 27. 20. 13. 7. 1122. IDA. 143. Q:? 121 •

HORTZ. 15. 36. 62. SQ. It,. 138. 155. 1~6. 170. 1116. 155. 13A. 115. sq. 62. 36. 15. 173("1. J3? .. Ip;Q. In. l"'A.



LOCATION MATAI'JUSKA, ALASKA LATlTlJDt 61 nF~I?I:"ES 30 l.4I1.j:l fTES

MOfHH 7 HO 3402. TO") 60. ToT 57. KT .434 KD .IAS

ORIENTATlOtJ HOUQLY Snl,/lp RAOtATIO~1 "AllY TnTAl ~Ar,/DAYTrME ~~6/All DAY

• 5 6 .7 A 9 10 it I. l3 14 l' 16 17 18 10 ?o RAnTATION SATGS SATGD SATGS SATGn

-~------~------------------------------~-------------- -----------------------------
SOUTH 4. 10. 17. 29. '7. .tJ4. 11)0. 12/). 125. I~O. 106 • A4. 57. 29. 17. 10. 4. °90. lOS. 140. AI. 117.

SOUTHWEST 4. 10. 17. 24. :\1. 37. 1~6 • 77. 1n1. 116. 12". 124. 11~. 90. 61. 30. 6. lOlA. 1"7. 143. 0•• 119.
wEST 4. 10. 17. 24 •. 11. 37. 41. 44. 45. 73. 07. 1l~. 119. 113. 93. Sq. 15. Q35. 103. 136. A9. 114.
r~ORTHWEST •• 10. 17 • 24. ~1. 17. 41. 114. u"). 44. 41. 57. 74. 84. 81. '0. 17. 710. A,. 11B. A2. 100.

NORTH 12. 31. 31. 24. ,"']. ~7. 41. 44. 4'. 44. 41. 37. ~t. 24. 31. :H. I •• ')45. AI). 105. 16. 00.
NORTHEAST 17. 59. AI. 84. 74. 57. 41. '14. llS. 44. 41. 37. 31. 24. 17. 10. 4. 7](1. ')3. 118. A2. 100.

EAST 15. 59. 93. 113. 119. 113. A7. 7'. 4'. 44. 41. 37. 31. 24. 17. 10. 4. q~5. 1":'1. 136. Aq. 114.
SOUTHEAST 6. 30. 61. 90. 112. 124. 126. IIA. lrl. 71. 48. 37. 31. 24. 17. 10. 4. laIR. 107. 143. °2. 119.
HaRIZ. 8. 25. 49. 75. 99. 121. 137. 148. 151. 148. 137. 121. 90. 15. 49. 25. A. 1476. 128. 180. 108. lQ6.

MONTH 8 HO 2615. Ton 58. Tr1T 56. KT .41 0 KD .1BII

ORIENTATIOtJ H('URlY Sf'llAP RAOUT!Ot-l I"IA IL Y TOTAL SAG/DAYTIME SAG/ALL nAY
4 5 6 7 8 9 10 11 12 13 14 is 16 17 18 19 20 RAOT ATION SATGS SATGD 5ATGS SATGD

-------------------------~-------_._----------------------------------------------~0"> souTH O. 3. 10. 27. ':>6. elf. lr.7. 122. 1?7. 1?2.. 107. 84. 56. 27. 10. 3. o. 945. 110. 149. po. 113.
W SOUTHwEST o. 3. 10. 11. 24. 30. 117. 76. 101.118.125. 121. In!'i. 79. 43. 6. O. 903. 107. 1,45. A6. 110.

WEST O. 3. 10. 17. 2-4. 3u. 35. 3n. ~9. 67. 90. l(1u. 101. 94. 61. 9. O. 126. oB. 12A. eo. 90.

tJORTHWEsT· O. 3. 10. 17. 24. 30. 35. ~Q. ;'19. "8. 3t:;. 44. 60. 64. 50. 9. o. 494. AI:). 106. 72. 135.

NORTH O. 5. 15. 17. 24. 30. 35. ~A. ;>i9. 38. 35. 30. 24. 17. 15. 5. O. 365. 7R. 93. "8. 78.

NORTHEAST O. 9. 50. 64. 60. 44. 35. 3•• 39. ~6. 35. 30. 24. 17. 10. 3. O. 494. RS. 106. 72. AS.
EAST O. 9. 61. 94. 11)7. 104. 90. 67. '9. :ojB. 35. 3n. 24. 17. 10. 3. O. 726. Qa. 128. AO. qq.

SOUTHEAST O. 6. 43. 79. Ins. J21. 125. 11~. 101. 76. 47. 31'1. 24. 17. 10. 3. o. 903. 107. 145. e6. l1n.
HOAIl. o. 5. 24. 49. 74. 96. 113. 121f. 1?7. 1~4. 113. on. 74. 49. 24. 5. O. 10CJ6. 118. 163. A3. t?2.

MONTH 9 HO 1653. TO(1 '0. ToT 48. KT .4nl KD .1.Q~

ORIE"NTATION HOURLY SOLAR ~ADUTIO~1 nAILY TOTAL ~A~/DAYTrME SAG/All OAY
4 5 6 7 R 9 10 11 I. 13 14 " 16 17 1A 19 20 RAhTAnON SATGS ~ATGn SATr.S ~ATr,n

-------------_.-------------------~---------------~--- -----------------------------
soUTH O. O. O. 16. I, &1. 79. 101f. 120. 1?11. 1?0. 104. 7A. 4A. 16. O. O. n. R!'i9. lOA. 1')3. 77. 1 no.
SOUTHWEST O. O. O. 7. 14. :?u. u/.j. 7:"t. 07. t,3. llB. 109. A'. 42. O. O. o. 723. AA. nft. 73. CIt>.

WEST O. O. O. 7. til ~ ~o. 25. 2•• ::>9. 06. 17. Ai' • 81. "e. o. o. O. /.ji'3. ". t07. no • 77.

NORTt-fWEST O. O. O. 7. 11, • 20. 25. 2A. ?9. ::aB. 21). 20. ,~B. 29. O. o. D. :'69. 6R. A2. '7. 6u.

NORTH O. O. O. 7. 14. 20. 25. ?l:\. ?9. • 8. 25 • 20. 14. 7. O. O. O. 211. flS. 76. ". 61 •
NORTHEAST O. O. D. 2A. :"tA. 26. ?5. 2R. :::'9. ?e. 25. 2n. 14. 7. O. O. D. 269. h~. 82. '7. 64.

EAST O. O. O. 48. ~1. R7. 77. S6. 29. 28. 25. ?:o. 14. 7. O. o. n. 473. p~. 107. "". 77.

souTHEAST o. O. O. 1+2. q<;.. 109. 111'1. 11~. °7. 73. 44. 2D. 14. 7. O. O. n. 7?3. A9. 136. 73. A2.

HORIZ. D. O. 1. 16. 39. 61. 78. eA. n",. A9. 7B .. 6 t. 39. 16. 1. O. O. fi62: CIS. 1?9. 71. FlB.



LOCATIOI~ F·ATMJUSKA, ALASKA U\TITllnF 61 f'Ef:pI=:E5 30 f.lInI11'EC;

MmJTH 10 HO 820. TOO ~8. TeT 36. KT .3qn KO .1fn

OHIENTATIO!'I ~OUPLY SOLAP QAOYATI~N (lAILY TOTAL SAr.IDAYTTYE 5A~/~Ll ~AY

"
5 6 7 " 9 10 11 12 "

,.
" '6 17 18 19 20 RAnUTImJ SATGS SATGn ~ATGS ~ATGn

-----------------------------------------------------------------------------------
SOUTh O. O. O. O. 14. 60. q,. 117. 1?4. 117. 45. 60. 14. O. O. O. O. "96. 0,. 143. i:;q. 77.
SOUTHWEST O. O. o. O. 4. 10. 38. ,Po Q,\. 107. 105. 81. 22. O. O. n. O. '52B. "2. 117. "i.l. 67.
wEST n. O. o. O. 4. 9. 14. 17. ,". uS. 6~. 6n. 20. o. O. O. n. 249. 'e. 75. 44. <n.
NORTHWEST O. O. O. O. u. 9. ,.. 17'. IP.. 17. 14. 4. •• O. O. O. O. 112. 41. 5'. un. 4~.

NORTH O. O. o. O. 4. 9. 14. 17. I •• 17. 14. Q. 4. n. O. o. O. In7. "7. '4. ,g. 4>.
l'JORTttEAST o. O. O. o. •• 9. 14. 17. I •• 17. 14. Q. 4. O. n. o. n. 112. r~7 • ". 40. 4:.'\.
EAST o. o. n. n. '>'). 60. '>2. 4'). 1~. 17. 14. Q. 4. O. O. O. O. 2'49. "iF!. ". U4. 'no
SOUTHEAST O. O. O. o. 22. ru. In,. 107. 0'. '8. 3B. In. 4. o. O. O. O. 528. .Q.? 117. <3. ".HORIZ. O. O. O. O. 7. 26. 4'. 5~. 1:;9. '5. 4'. 26. 7. O. O. O. n. 320. f:,ll.. "A. 46. 5Ci.

MONTH 11 HO 284. Too ::». TOT 22. KT .31? KO .1f12

ORIENTATIOn I~OUPLY SOLAR "AbTAHOM nAILY Tf'lTAL SAr,/nAyrr~~ ~A~/AlL nAY
4 5 6 7 " 0 1n 11 12 13 14 1'5 16 17 18 10 ,n RAIlTATYON SATGS ~ATG~ ~ATGS SATBn

-----------------------------------------------------------------------------------
Q) SOUTH O. D. o. O. n. 1. <:;5. 106. 1::>2. 11)6. 55. 1. O. O. O. o. n. 446. '7. 120. :'Ii7. 4P.

.". SOUTHv!EST O. O. o. o. n. 1. 22. 60. PQ. Q5. 60. I. n. O. O. o. n • 3'.6. ". 04. :\3. 41.
WEST O. O. o. o. n. 1. 5. o. O. ". 32. I. O. O. O. O. n. S/'.. '4. 42. "c;. ?7.
f>10RTH\','EST n. O. o. o. n. 1. 5. A. O. 8. 5. ,. O. O. O. O. n. 36. 27. 31. ". 24.
NOF<T/-I O. O. o. o. O. 1. 5. A. O. 8. 5. I • O. o. O. O. O. %. ':>7. ~ 1 • ?,. ?u.
IJORTHEAST o. O. O. o. O. I. 5. e. o. 8. ,. I. O. O. O. O. n. 36. '7. 31. ?:'Ii. :'11.

EAST o. O. O. O. O. 1. 32. 3'. o. 8. 5. 1. O. O. o. o. n. I=\/'.. ~4. 110'.. >5. 27.
SOUTHEAST O. O. O. o. n. 1. F,O. 9C;. P.9. AD. 22. I • O. O. O. O. O. 326. r,?. 44. 703. 4, •
HaRTZ. o. O. o. O. O. 1. 12. 2'1. 29. '5. 12. I • O. O. O. n. O. 106. :'iF,. 46. ". 2A.

fvl0NTH 12 Hn 131;. Ton 14. TnT 14. KT .3(;4 '0 .1A~

ORIENiATIO~j HOURLY SI"LAR RAOI.ATINI nAILY Tf)TAl SA~/nAYTr~~ ~.A~/ftLL naY
4 5 6 7 " 0 10 11 12 13 14 15 16 17 18 10 ,n RA"'TATTON S~TG5 ~ATG~ ~~TGS SATr,n

-----------------------------------------------------------------------------------
SOUTH o. O. O. o. O. O. 6. IVI. 1?7. .0,9. 6. O. O. o. n. O. n. :'Ilf... ". In4. >4. ~2.

SOUTH.....EST O. O. O. O. O. O. '. 50. 01. 70. 6. n. O. o. o. o. n. ~29. 'in. 70. >I. :'7.
h'[ST O. O. O. O. O. O. 1. u. 5. >5. ". n. n. O. o. o. n. 4n. ,n. >5. ". 16.
NOkTHWEST O. O. O. n. n. O. 1. u. '. 4. 1. n. O. o. O. O. O. 17. 17. '0. 14. 15.
fWPTH O. O. O. O. O. O. I. " . 5. 4. 1. n. n. O. n. O. n. 17. 17. 10. 14. ".NORTHEAST O. O. O. o. O. O. 1. 4. 5. 4. 1. O. O. O. O. O. O. 17. 17. 19. lU. 15.
EAST O. O. o. O. n. o. 4. 2'. 5. 4. 1. n. O. O. o. O. n. 40. :::In. ?5. 1'. 16.
SOUTHEAST o. O. Q. O. O. O. 6. 70. nl • 50. 3. n. O. o. o. o. n. 229. '0. 70. ,1. ?1.
HORIl. O. O. O. o. n. O. 3. 12. 18. 12. 3. n. O. o. o. o. n. 4n. "1. 28. t<. 17.
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TABLE 6
Solar Angle of Incidence on Inclined Surfaces at 56° North Latitude

Sobr Angle. or l"cldcnce On Surhcelf Tilted WIth R.l:lfp."'t To 1be Hot'l>:cntat

n.·t" So tar ... ". ". 'i6'n_ ...
O'

'" '" "" , "
,

'"
, ,

"
,

'"
, ,

"
,

'"
, ,

"
,

'"
, ,

"
,

'"
,

P'" ' '"
,

"
, ,

'"
,

"
, ,

'"
,

"
, ,

'"
,

"
, ,

'"
,

'" ,
, ) a~.o 57 .4 ]9.0 53,S 84.1 90.0 51.1 29.1 48.4 ".. 90.0 50.0 19.1 4&.5 85.1 QD.D U.l '.S 42.2 85.1 90.0 48.4 '.0 42.1 86.9 ".0

Jan. 21 Ia , 80.1 62.1i 37.0 42. t 71.) ".0 6).0 2B.S 35.S 10.8 ".0 60.1 21.2 10.6 11.0 ".0 "'., 16.7 26.2 71, 1 90.0 62.0 19.2 30.0 13.1 90.0
11 , H.l 10.7 40.6 )3,4 59.2 90.0 70.9 ".. 24.6 51.6 90.0 71.7 10.9 17.6 51.1 90.0 n.l 29.1 14.1 57.7 90.0 75.9 32.9 19.3 60.3 90.0

" 76.0 60. ) 48,6 30.0 411.6 60.3 62.2 .105.2 20.0 H.I 82.2 8404 U.5 10.0 43.5 84.1, 86.6 43.(, 90.0 43.6 86.6 90.0 46.1 14.0 HI.1 90.0

• • 62.S 45.2 36.5 62.9 90.0 90.0 38.7 29.6 60.S 90.0 90.0 3].6 21.4 5'1.0 90.0 90.0 10.8 IS.S 58.5 90.0 90.0 31.5 16.2 59.6 90.0 90.0

feb. 21 • 3 75.8 n.B 29.8 '9.0 80.8 90.0 U., 19.8 '5. \I 82.9 ".0 '2.6 ,.. 44.3 85.1 ".0 42. 7 ., ".5 87.5 ...0 45.9 14.2 47.6 ".0 ".0
" 2 70.6 54.2 21.0 ]5.9 67.1 90.0 53.5 16.9 ]1.5 ..., ".0 54.2 n.4 29.5 70.3 ".0 56.1 14.0 30.6 72.9 ...0 60.5 13.5 36.5 17 .J ...0
"

, &7.2 63.1 31.8 25.0 53.8 85.1 64.6 27.7 18.0 ,... 119.7. &1.0 16.5 1'.11 55.& ".0 70. I 211.11 11.6 ,.., ...0 75.2 36.2 27 .1 63. , ".0
" 66.0 ?J.6 41.6 20.0 41.6 13.6 76.9 40.3 10.0 40.] 76.9 80.5 40.9 90.0 40.9 80.5 84.4 43.5 10.0 43.5 114.4 90.0 49.8 14.0 49.8 ".0

, , 81. 7 ]7. ] 45.5 75.2 90.0 90.0 28.1 39.' 75.0 ".0 ".0 19.7 3'.8 75.2 90.0 ".0 13.5 32. ] 75.9 ..., ".0 15.0 n.4 77.6 90.0 90.0

• • 73.8 ]5.2 32.] 60.5 90.0 90.0 29.0 24.9 60.0 90.0 ".0 25.2 19.11 60.5 ".0 ".0 2'.8 18.9 62.0 ..., 90.0 ]0.0 n.l 65.5 90.0 ".0
Har. 21 • 3 66.7 ]8.' 21. 2 '5.9 71.7 ".0 36.2 11. 7 45.0 81.4 90.0 ]6.2 '" '5.9 85.3 90.0 38.6 10.& 48.4 119.3 90.0 45.0 23.9 54.1 90.0 90.0

" , &1.0 45.9 17.1 31. 5 6).' 90.0 '&.7 10.0 ]0.0 66.5 90.0 '9.2 10.J J 1.5 70.3 90.0 $1.0 17.7 35.5 14.5 90.0 60.0 30.5 44,1 8LI 90. !l

" , 57.3 55.8 23.9 18.0 '9.4 79.1 58.9 22.6 15.0 51.7 85.0 62.9 is.] 111.0 55.3 90. [J &7.4 )[J.9 24.8 59,8 90.0 75.0 41.5 36.8 67.5 90.0

" 56.0 67. 1 35.9 10.0 35.9 67.1 71.11 31.0 90.0 31.0 71.11 76.9 40.J 10.0 40.3 76.9 82.2 '5.2 20.1l 45.2 82.2 90.0 54.1 3'.0 54.1 90.0

; , 88.6 45.1 70.5 90.0 90. D 90.0 H.O 67. 7 90.0 90.Q 91l. a 29.0 65.6 90.0 90.0 90. D 22.5 64.3 90.0 91l.(I 90.1l 18.9 63.' 90.0 90. a 9(}: 0, , 80.4 34.9 56.2 88.0 90.0 90.0 25.1 n.o 90.0 90.0 9D.0 15.7 51.1 90.0 90.n 90.0 "" 50.6 90.1l 90.0 90.0 11.& 52. 2 90. II 90.0 90.0

Apr. 21
, ; 72.0 26.5 '1. B 13.5 90.0 90. a 16.9 38.3 75.3 90.0 90.0 .., 36.9 17 .6 90.0 90.0 6.• 37, 7 80.2 90.0 90.0 18.9 42.4 114.4 90.0 90.0

• • 1>3.9 23.6 i7.5 511.9 88.6 9D.0 18.3 23.7 60.7 90.0 90.0 11.4 2].5 63.4 90.0 90.0 il.6 21. I 67.0 90.0 90.0 32.0 36.1 72.9 90.0 '10.0

• 3 56.4 28.0 13.6 4'.2 74.5 90.0 • 27.9 ••• 46.2 80.0 90.0 lO.9 ll.8 49.1 85.6 90.0 ]6. ] 22.2 54.' 90.0 90.0 46.2 35.3 62.5 90.0 90.0

10 , 50.1 17.1 ,., 29.5 60.2 84.7 '0.1 1.3 32 .0 65.3 90.0 44.9 16.5 36.8 71.0 90.0 50.9 26.1 43.2 77.0 90.0 60.7 40.2 D.8 85.9 90.0

"
, 45. '1 46.3 11.4 H.B 45.9 72.3 53.2 21. 3 IB.9 30.6 79.7 59.0 2B.3 26.2 56.4 87.1 6~. 5 36.6 34.9 62.9 90.0 13.1 49.1 47.8 12.n 90.0

" 44.4 ('0.2 ll, 5 L' 31.S 60.2 66.5 15.9 11.6 35.9 66.5 73.1 42.0 21. 6 4Z.0 73.1 00. a 49.2 11.6 49.2 80.0 90.0 60. ] 43.6 60.] ".0

• • 88.8 5l. • 82.4 90.0 90.0 90.0 46.7 81.5 90.0 ".0 ...0 41.2 80.9 90.0 90.0 .,.0 17 .4 80.5 90.0 90.0 90.0 lS.5 80.5 90.0 90.0 .,.,
; , III. 5 ~0.9 68.6 90.0 90.0 90.0 n.4 61.4 90.0 90.0 90.0 27.2 66.9 90.0 ".0 90.0 23.6 67.1 90.0 90.0 90.0 Z~.II 68.7 90.0 90.0 ...,

/in" 21 • • 71.5 29.1 5'.7 86.6 90.0 ".0 20.3 53.3 90.0 90.0 90.0 1l.1 53.2 90.0 "'.0 90.0 11.' 54.4 90.0 90.0 90.0 20.0 58.0 90.0 ".0 90.0, ; 65. Z 19.1 40.7 72.6 90.0 90.0 ,., 39.4 75.9 90.0 90.0 LO 40.2 79.6 ...0 '.lO.0 10.8 4J.!l 83.6 90.0 90.0 24.6 49 • ., 89.4 "'.0 90.0

• , 56.9 15.2 26.6 58.5 86.2 90.0 11.4 26.0 62.0 90.0 90.0 15.1 28.6 66. Z 90.0 90.0 22.8 34.1 71.1 90.0 ".0 35.5 44.J n.b 911.0 90.0

• 3 49.1 21. t 12.6 4~. 5 72.5 90.0 23.5 14.8 48.4 79.2 90.0 29.1 21.9 53.5 86.0 90.0 16.6 ]0.6 59.5 90.0 90.0 41\, " ~ 3. 6 68.9 ".0 90.0
W , 41.4 ] I. 7 3. , 3D.6 58.7 79.9 36.6 !l.6 35.5 65.1 M.' 43.1 23.6' 42.1 72.0 90.0 50.6 ll.6 49.6 79.2 90.0 62.D 47.6 61.1 89.5 ".0
H I 17.7 4].6 16.5 17 .6 44.7 68.0 49.9 23.9 24.8 51.0 76.1 57.0 )2.1 n.4 ,.., 84. ] 64.7 42.0 42.6 65.3 90.0 15.9 55.] 55.9 77 .0 90.0

" 16.0 5S.8 10.6 10.0 30.6 55.11 63.1 37.2 20.0 31.2 63.1 70.8 44.9 10.0 44.'1 70.8 78.7 51.2 40.0 53.2 78.7 90.0 65.4 5~.0 65.4 90. a

• , 85.8 51.5 81. 5 90.0 90. a 90.0 45.6 81. 2 '10.0 90:1l 90.0 'IJ.9 81.2 90.0 90.0 90.0 37.9 111.4 90.0 90.0 90.0 11.4 B2. 2 'l0.0 90.0 90.0
; , 7B.6 19.3 68.0 90.0 90.0 90.0 n.1 67.4 90.0 90.0 90.0 21.2 67.6 90.0 90.0 90.0 24.11 68.4 90.0 90.0 90.0 27.6 iO.7 90.0 90.0 90.0

• , 70.1 17 .2 54.4 86.0 90.0 90.0 19.1 53.7 90.0 90.0 90.0 11.5 54.1 90.0 90.0 90.0 14.1 56.2 90.0 90.0 90.0 21.4 60.6 90.0 90.0 90.0
June 21 , ; 62. ~ 16.5 40.6 72.4 90.0 90.0 '.6 40.3 76.3 90.0 90.0 J.' 41.9 80 . .:- 90.0 90.0 11.6 45.4 811.0 90.0 90.0 27.6 52. 5 90.0 ".0 90.0, , 54.1 II.B 26.9 58.6 85.1 90.0 '" 21.6 62.7 90.0 90.0 15.3 31.4 67.5 90.0 90.0 24.1 ]7. ] 72.11 90.0 90.0 J7 .4 47. 7 BO.9 90.0 90.0

• 3 46.2 18. b 11.7 ~4. 9 71.8 89.2 22. ] 17. 7 49.6 78.9 90.0 29.0 2S.1 55.3 86.2 90.0 37.2 34.0 61.7 90.0 90.1l 49.6 47.0 71.6 90.0 90.0

"
, n.l H.a 6. , 31. 6 511.1 78.0 35.6 16.8 17.4 65.2 87. 0 42.8 26.8 44.5 12.5 90.0 5D. a 36.8 52.4 80.1 90.0 61.7 SO.7 64.1 90.0 90.0

H I )~. '. 41.'1 17. 1 19.f; 44 • ., 66.3 48.~ 25.7 27.6 51.5 74.6 56.5 )4.9 ]6.5 59.1 in.2 54. ~ 44.4 45.11 67.2 90.0 76.J 58.0 59.2 78.8 90.0

12 )1.6 54. ~ lO.8 lJ.4 10.8 ~4. 2 61.9 38.1 1l.4 38.1 61.9 69.9 '6.3 JJ.~ 46.3 69.9 7B.2 55.0 43.t. 53.0 78.2 '10.0 67.6 57.4 67.6 9'1.0

(Based on data in Table 1. pp. 387, 1972 ASH RAE HANDBOOK OF FUNDAMENTALS; 0% ground reflectance, 1.0 clearness factor)
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TABLE 7
Solar Angle of Incidence on Inclined Surfaces at 64° North Latitudp

Solar Anale Of lm:ldau:;e On Sun"... TIlted \11th Il£cptCt To TM IIorhol1tll

O.u Solar ". ... ,.. " . to·,...
D·

I,. ,
'" ... "

,
'" • ,

"
,

'"
, ,

" , '" • , " ,
'" • ,

"
, IV •.. . '" ,

"
, • '"

,
"

, • '"
,

"
, • '" ,

"
, • '"

,
"

,
" I 87.2 65.9 36.7 42.1 14.1 <D.D 63.6 28. ) )S.S n.6 90.0 62.] il.l 30.6 72.9 90.0 61.8 17.2 28.2 12.9 gO.O 61.0 11.2 211.2 n.l 90.0

J;ll:l. 21 U I 84.8 n.s !01.9 }l.4 62.2 90.0 n.iJ 36.1 H.8 60.1 90.0 75.0 32.1 11 .6 58.9 90.0 75.4 JO.1 H.I 58.8 90.0 H.9 n. } n.D 59.3 <D.D
II 84.0 66.5 50.9 )lI.a 50.9 86.5 87.4 47. } 20.0 47.] 87.4 88.3 45.2 10.0 45.1 88,3 119,1, 44.1 90.0 44.7 119.4 90.0 45.3 '.D 45.3 <D.D

, , 86.6 4J.5 34.9 62.9 90.0 90.0 17 .6 26.1 60.5 90.0 90.0 ]].2 18.4 59.0 90.0 90.0 ll. i 13.9 sa.5 90.0 90.0 11.5 1'.1 58.8 go.a 90.0
I'.b. 21 , ) 81. 4 49.4 27.4 49,0 "., 90.0 46.3 11.4 45.9 86,0 90.0 44.1 1.' 44,3 87.4 90.0 U.9 '"' U.S 66.9 90.0 45.9 ,.. 45.4 M.B <D.D

" 1 11.4 58.2 26,9 15.9 70.8 90. a 57.4 19.3 31.5 71.5 911.0 57 .8 14.6 29.5 72.7 90.0 59.2 IS.9 30.6 H.4 90.0 60.5 19. ) 32.6 75.1 <D.D
II , H.9 68.9 31.7 25.0 57.3 90.0 69.9 29.8 18.0 51.0 90.0 71.5 28.6 14.8 51.9 90.0 13.7 30.5 11.6 59.8 90.0 75.2 31.0 21.4 61.4 90.0

II H.O 80.7 4&.6 20,0 44.6 80.1 83.1 43.0 10.0 43.0 83.1 85.6 43.2 90.0 43. i as.6 88.3 &5. i 10.0 45.2 88.3 90.11 H.2 16.0 41.2 90.0

1 , 83.5 32,0 41.2 15.2 9<LD 90.0 n.4 35.8 75.0 90.0 90.0 16.3 31.2 15.2- 90.0 90.0 n.5 )1. ) 15.9 90.0 90.0 H.O 31.1 16.5 <D.D <D.D, , 17.) 34.0 211.2 60.5 90.0 90.0 19.0 21. 2 60.0 90.0 90.0 26.8 11.3 60.5 90.0 90.0 11.8 18.6 {,1.0 90.0 90.0 JO.D n.s 6).3 90.0 <D.D
Ka.r. 21 , ) 71. 9 H.O 18.1 45.9 81.9 90.0 39.5 ,., 45.0 84.8 90.0 40.1 ,.. 45.9 111.9 90.0 42.6 12.4 48.4 90.0 90.0 4La 18.3 50.5 90.0 90.0

"
, 67.7 51.1 17 .4 )1.5 67.5 90.0 52. a 1t.8 )0.0 69.9 <D.D 54.2 1l.2 )1. 5 72.9 90.0 57 .5 20.2 35.5 76.4 90.0 60.0 25.3 '''' 78.lt 9!l.0

II , 64.9 62.7 26.7 10.a 5).1 117.7 65.3 25.6 15.(1 55.0 90.0 68.6 28.0 10.1l 57.9 'Ill. a 72.4 H.2 24.11 61.0 90.0 15.0 37.2 19.8 U.5 90.0
II 64.0 75. i 39.5 10.0 39.5 7~. 1 78.9 40.2 90.0 40.2 78.9 83.1 4l.0 10.0 43.0 83.1 87.4 47.3 20.0 l.1.j 81.' 91l.0 50.5 26.0 50.5 <DD

, 1 81,.0 l6.3 66.3 90.0 90.a 9a.a 18.2 64.5 9D.1J 90.0 9D.D 21.8 63.4 90.0 90.0 90:0 18.5 61.2 90.0 90.0 90.0 111. 9 63.5 9i1.0 90.') 90.0• • 79.6 26.0 52.0 911.0 90.0 9(1.0 16.3 49.8 90.0 90.0 <D.D '.' 49.0 90.0 90.0 90.0 .., &9.11 90.0 90.0 9~.0 11.6 51l.9 90.0 9').D 90.0
1 , n.ll 20.4 )1.6 n.5 90.0 'Ill. a 11.9 15.1 75.3 90.0 90.0 .. , )5.1 71.6 90.0 90.0 13.1 )1.4 80.2 91l.0 90.1l 18.9 )9.11 82-0 90.0 90.0

Apr. 21
, , 66.1 2).3 23.2 58.9 90.0 90.0 20.6 211.6 60.7 90.0 90.0 22.4 22.3 6).4 90.0 90.0 21.7 21.1 67,0 90.0 90.0 32.0 31.9 69.4 90.0 'M, , 61.0 32.1 ,., 44.2 71LII 90.0 n.4 '"' &6.2 83.6 90.0 16.9 14.6 49.1 88.5 90.0 42, 3 24.0 54.4 9ll.ll 90.0 46.2 29.8 57./ 90.0 91l.0

"
, 56.5 41.9 1.' 29.5 64.5 90.0 47.0 10.9 12.0 68.9 90.a 51.5 19.3 36.8 1].9 90.a 51.0 28.8 4l.2 79.2 90.0 60.7 ]4.6 U.6 81.5 9/).0

n , 5J.5 56.1 21.4 14.8 50.1 81. 7 60.1 25.0 18.9 54.2 8B.l 65.9 11.1 26.2 59.) 9a.n 71. 7 )9.0 14.9 65.2 90.a 75.3 "'.1 40. ) 611.9 9(1. 0

" 52.1, 69.0 J5. 7 .., 15. ) 69.0 11,.5 39.6 11.6 19.6 74.5 Ba. ] 45.a 11.6 45.0 811.3 11&.1 51.6 31.6 51.6 86.) 9a.a H.9 )1.6 55.9 90.0

, , 81,.2
" 1

78.6 90.0 90.0 9n.n 19.1 78.6 9a.0 90.n 90.0 35.9 78.9 'l0.0 90.0 9a.0 ]1,.9 19.6 90.0 90.a 90.0 35.5 60.1 90.0 w.o 90. a, 1 78.1, H. ; 64.8 90.0 9a.0 90.0 25.) 64.5 90.0 90.0 <D.D 21.9 65.1 9a.0 90.0 9a.n 22.5 66.4 90.D 9D.0 90.0 24.8 67.6 90.0 <D.' <D.D, , 72.1 19.8 50.8 86.6 90.a 90.0 11. 7 50.5 90.0 90.0 90.0 ,., Sl.e. 90.0 90.0 90.0 14.8 54.0 90.0 90.0 90.0 28.0 56.1 90.a 90.0 90.0
Kay 21

1 , 65.5 12.1 36.1 72.6 90.0 90.0 .., 16.7 15.9 90.0 90.0 9.' )8.9 19.6 90.0 90.0 18.9 41.1 83.6 90.0 90.0 24.11 46.3 66.1 90.0 9'J.D, , 59.1 16.1 22.6 58.5 9a.0 90.0 17.0 23.1 62.0 90.0 90.0 22.5 28.4 66.2 ~O.ll 90.0 10.l 15.2 71.1 90.0 90.0 35.5 19.8 14.2 90.0 90.0, , 51.2 21.2 ,., 44.5 16.6 90.0 30.7 14.3 48.4 82.9 9a.1l )6.5 23.0 53.5 69.0 90.0 43.1 32.1, 59.5 90.0 90.0 48.4 36.2 63.4 <D.D <D.D
lD I 46.4 39.6 1. , )0.6 61.a 69.4 1,1,.5 16 ... 35.5 68.8 90.0 50.6 26.1 1,2.1 75.0 90.0 57.5 36.0 49.6 81. 5 90.a 62.a 42.0 54.4 85.' 90.0
U , 45.1 52 .3 20.8 11.6 49.0 17.4 58.i n.5 24.8 54.7 11&.11 64.6 lS .7 j1.4 61-2 90.0 11.6 44 .5 42.6 611.2 90.0 15.9 50.0 48.1 71 ,6 "'.D

" .. 4. D 65.0 34.9 la.O 14.9 65.0 71.6 40.8 20.0 40.8 71.6 78.6 47.9 lO.a 47.9 78.6 85.1 55.7 40.0 55.7 85.7 90.0 60.6 46.0 60.6 90.0

1 , 85.8 55.4 90.0 90.0 90.0 90.a 52.0 90.0 90.0 90.0 90.0 49.9 90.0 90.n 90.0 90.a 49.2 90.0 90.0 90.0 90.a 49.6 9a.a 90.d 90.0 9').0, • 81.0 42:, 11.8 90.0 90.0 90.0 JII.5 7B.1, 90.0 90.0 9a.0 36.2 79.4 90.ll 90.0 90.11 36.2 80.6 90.0 9a.0 90.0 )7 .4 !1.6 90.0 9').0 90,0, 1 75.1 )0.0 64.3 90.0 90.0 90.0 14.8 64.7 9a.o 90'.0 <D.D 22.11 65.9 90.0 90.0 90.0 24.6 67.9 90.0 9a.0 90.a 27.6 69.4 <D.D 90.0 90 .~

June 11 • , 69.0 17.1 50.6 86.0 90.0 90.0 II. 1 51.D 90.0 9a.a 90.0 11. 1 52.9 90.0 90.0 90.0 18.1 56.0 90.0 90.1l 90.0 21.4 58.3 90.~ 90.0 9/), a
1 , 61.5 '.D 16.8 n.4 90.0 90.0 '.1 )7.8 76.1 90.0 90.a 11.1 4D.9 80.5 90.0 90.0 21.6 45.1 85.0 90.0 90.0 21.6 49.1 81.~ 90.0 9'1. '1, , 56.0 11.8 21.2 58.6 89.4 90.0 16.5 25.1 62. 7 90.a 90.0 2).4 31.i 61. 5 90.0 90.0 11.9 16.3 12.11 90.D 90.0 17,4 4l.1 16.2 9G.0 90.0, ) 50.1 25.6 10.8 44.9 76.1 90.0 30.2 11.6 49.6 82.6 90.0 16.B 26.4 55.3 89.2 90.0 44.6 H.8 61. 7 90.0 90.0 49.6 41.6 65.9 9·}.Il 9').0

" I 45.1 l8.2 9.' 11.6 b2.5 111.5 4l.8 19.1 31.4 68.8 90.0 50.5 29.2 44.5 75.5 90.0 58.0 39.1 52.4 82, 5 'l0.0 62.7 45.1 H.l 1l6. ' 90.0
U , 41. 1 50.9 21.5 19.6 48.8 75.7 51.3 19.2 21.6 55.1 83.5 64.3 H.B 16.5 62.2 90.0 71.7 41.0 45.8 M.l> 9D.O lb.3 52.6 51. 5 14.1 90.'1

" 40.6 6J.5 15. I Il.S H.l 6).5 10.5 41.7 23.4 41.7 70.5 71.9 49.4 )).4 49.4 11.9 85.4 51.5 4).4 57.5 85.4 90.0 (,2.6 49.4 (,2.6 90.0

(Based on data in Table 1, pp. 387, 1972 ASHRAE HANDBOOK OF FUNDAMENTALS; 0% ground reflectance, 1.0clearneS$ factor)
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APPENDIX C
SURVEY RESULTS

As an element of this study, four surveys were made in order to
determine the present characteristics of the Alaskan marketplace for
solar energy. The groups surveyed were: (1) mechanical contracting
establishments, (2) plumbing and heating equipment suppliers, (3)
banking institutions, and (4) consulting engineers and architects. The
addresses of the surveyed establishments were obtained from the Alaska
Petroleum and Industrial Directory and the Fairbanks and Anchorage
telephone directories.

The results are tabulated on the questionnaire sheets which follow.
Many interesting conclusions can be drawn from the survey. All groups
expressed a strong need for more information concerning solar space and
hot-water heating design and economic information in Alaska. An over
whelming majority of respondents did not know that at present a 10% tax
credit exists in Alaska for installation of nonfossil fuel alternative
sources of energy. (At present, however, the tax credit statute, AK
49.20, is tied up in litigation and may not be allowed for the 1977 tax
year. )

A majority of respondents said they did not know where or if they
could get solar ener9Y information or equipment. A few plumbing supply
companies said they had been approached by wholesalers as to the avail
ability of solar equipment, but 16 out of the 22 who responded said they
had never been approached about solar energy equipment. Most commercial
(mechanical contractors and plumbing supply) companies wanted to be
involved in marketing solar heating equipment (15 out of 23) but were
cautious and expressed a need for more economic information or felt that
at the present they were too uninformed to decide about entering the
solar market (11 out of 33).

As to deterrents, the engineers and architects rated the high cost
of solar equipment as the number-one deterrent to its use and the lack
of solar energy second. Plumbing supply companies felt that the lack of
information was the greatest deterrent to the use of solar energy, and
that the lack of solar energy was second. The response was the same for
the mechanical contractors. Bankers felt that lack of information
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was also the greatest deterrent, but that lack of experience was next in
importance. Each of the deterrents listed was rated first by someone,
but generally lack of public interest and the public's attitude were not
rated highly as deterrents. There was general support from the respon
dents for both technical workshops on solar energy design and appli
cations (86 of 97) and for codes and certification programs for solar
equipment (75 of 97), both supported with the qualification that they
should be done if solar energy applications prove economically feasible
in Alaska.

Percentage of responses were excellent. Each respondent, was sent
an explanatory letter, a questionnaire and a stamped self-addressed
envelope from the Institute of Water Resources. The responses by group
were as follows (Table 8).

TABLE 8
Survey Resul ts

Group

Engineers and Architects
Plumbing Supply Companies
Mechanical Contractors
Banking Institutions

Surveys
sent

103

33

33

17

# of
Responses

64

23

11

6

%
Responses

62

69

33

35

Comments from respondents are included after each survey tally.
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INSTITUTE OF WATER RESOURCES

''':'

UNIVERSITY OF AL4\SK4\
COLLEGE. ALASKA 99701

October 20, 1977

Dear Fellow Alaskan,

Recently a federal pr09ram has been initiated to assess the poten
tial of solar energy use in the western United States, Alaska, a member
state of the western region, has been asked to determine its solar
energy utilization potential and state of solar development. As part of
this effort, we need your input as an architectural/engineering firm. In
order to make your reply 'easier and less time consuming, we have included
a questionnaire concerning the information we would like to know.
Please fill out this questionnaire and return it to us in the self
addressed stamped envelope enclosed. Any further comments you may have
concerning solar energy in Alaska are welcome, and please add them at
the end of the questionnaire. At the conclusion of the study we will
send you a final report summarizing our work. We appreciate your time
and consideration.

Sincerely,
<"

e..t-e:S}IG\J'bl~'Lt
Richard D. Seife~
Research A~sociate

Institute of Water Resources

£L?~~~
John P. Zarl~ ~
Assoc. Prof, of 'Mechanical Engineering

RDS/JPZ/sa
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ENGINEERS AND ARCHITECTS
QUESTIONNAIRE RESULTS

1. Have you ever considered the use of passive or active soiar heating
in building design?

.-lLYES -lLNO

2. Are you able to get access to solar energy equipment information in
Alaska?

~YES JQ.....NO .R-00N'T KNOW

3. What is your company's present attitude toward the use of solar energy
as a source for domestic water/space heating in Alaska? (More than
one answer may be appropriate~

~ Need to know more about solar engineering
~ Don't know enough to decide
_____1 Not interested in solar possibilities
~ Need more economic information

Other (explain) Need demonstration project for owner information

4. What do you see as the major deterrent(s) to solar energy use in
Alaska? (Please rank these with 1 the greatest deterrent, 2 next
most important deterrent, etc.)
~ Lack of detailed information 2nd Lack of adequate solar energy
-3r.d. Lack of experience ~ High cost of solar equipment
-lih Lack of public interest Other (please list)
_~ Public attitude

5. Are you aware of any present solar energy systems or applications
operating in Alaska?

.....5-YES iL-NO
If yes, where and who owns/operates it? __

6. If solar energy becomes economically feasible, do you feel there
is a need for
a) Technical workshops on solar energy design and applications

iL-YES _2 NO
b) Codes and certification programs for solar equipment

li.-YES .ll-- NO

7. Are you aware that present Alaska law allows a 10% tax credit per
year for installation of nonfossil fuel alternative sources of energy?

-.5.L NO
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Comments:

Cloudy 50% of time, hard to justify expense (Anchorage).

Have serious questions about the economic feasibility of solar energy
in Northern Regions such as Alaska.

It will involve a higher first cost; we believe it is worth it. Still
hard to pay for at first.

Am considering [solar] use in my residence, to be built next summer.
Need information related to knowledge of Alaskan environment.
Are solar systems reliable?

Have doubts about economic viability at present energy costs.
Am participating in solar energy designs of several of our projects.
Storage difficulty over long periods of time.
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PLUMBING CONTRACTORS
QUESTIONNAIRE RESULTS

1. Has your company had any experience with solar energy systems or
installations?
_l__YES 22 NO

2. Have you been approached by who lesa1ers as to the ava il abil ity of
solar equipment?

-LYES l..6-NO

3. Are you able to get access to solar equipment in Alaska should a
job specify it?

-ll-YES -l--NO ~DON'T KNOW

4. What is your company's present attitude toward the solar energy
market potential in Alaska? (More than one answer may be appropriate)

-llL- Want to be involved
~ Don't know enough to decide
--iL Not interested
-lll- Need more economic information

Other (explain)

5. What do you see as the major deterrent(s) to solar energy use in
Alaska? (Please rank these with 1 the greatest deterrent. 2 next
most importa~t deterrent. etc.)
_1.s1. Lack of information 2nd Lack of adequate solar energy
-3nd Lack of experience ~ High cost of solar equipment
-5.th Lack of public interest Other (please list)
~ Public attitude

6. Are you aware of any present solar energy systems or applications
operating in Alaska?

-,-YES ..1LNO
If yes. where and who owns/operates it? _

7. If solar energy becomes economically feasible. do you feel there
is a need for
a) Training programs for installers of solar equipment

.lZ..-YES _5_ NO
b) Codes and certification programs for solar equipment

1l-YES _0_ NO
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Comments:

Solar must be proven before private money will invest.

Systems will probably be too costly at present energy rates.
Need basic information on solar energy.

Present low cost of energy makes solar noncompetitive.
Limited application economically.

I am most interested in anything I can find out about applying solar
energy to Alaskan purposes.
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MECHANICAL CONTRACTORS
QUESTIONNAIRE RESULTS

1. Have you ever considered the use of passive or active solar heating

in building design?

1 YES ~NO

2. Are you

Alaska?
2 YES

able to get access to solar energy equipment information in

3 NO 6 DON'T KNOW

3. What is your company's present attitude toward the use of solar energy

as a source for domestic water/space heating in Alaska? (More than
one answer may be appropriate)

______7__ Need to know more about solar engineering

~ Don't know enough to decide

~ Not interested in solar possibilities

~ Need more economic information
Other (explain)

4. What do you see as the major deterrent(s) to solar energy use in
Alaska? (Please rank these with 1 the greatest deterrent, 2 next

most important deterrent, etc.)

~ Lack of detailed information 2nd Lack of adequate solar energy

~ Lack of experience 4th High cost of solar equipment

Jith.. Lack of public interest Other (please list)

_6tbL Public attitude

5. Are you aware of any present solar energy systems or applications

operating in Alaska?

-l....-YES -L-NO
If yes, where and who owns/operates it? ___

6. If solar energy becomes economically feasible, do you feel there

is a need for

a) Technical workshops on solar energy design and applications

10.--YES --.JL NO
b) Codes and certification programs for solar equipment

~YES --.JL NO

7. Are you aware that present Alaska law allows a 10% tax credit per
year for installation of nonfossil fuel alternative sources of energy?
_2_YES g NO
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Comments:

No sunlight in winter.

Is our area a practical one for solar heat?
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Banking Institutions
QUESTIONNAIRE RESULTS

1. Have you ever been approached about a loan for the use of a passive

or active solar heating system in an Alaskan home?

_l YES 5 NO

2. Are you able to get access to solar energy economic information in
Alaska?

_l YES NO 5 OON'T KNOW

use of solar energy

Alaska? (More than

toward the

heating in

What is your bank's present attitude

as a source for domestic water/space

one answer may be appropriate}

__5_ Need to know more about solar engineering possibilities
___4__ Don't know enough to decide

____ Not interested in loaning for solar energy applications

2 Need more economic information

Other (explain) --------------------

3.

6th Lack of adequate solar energy

5th High cost of solar equipment

3rd Economi c uncerta i nty as to its
---- value in Alaska

Other (please list)7th Public attitude

What do you see as the major deterrent(s) to solar energy use in

Alaska? (Please rank these with 1 the greatest deterrent, 2 next

most important deterrent, etc.)

~ Lack of detailed information

2nd Lack of experience

4th Lack of public interest

4.

5. Are you aware that present Alaska law allows a 10% tax credit per

year for installation of nonfossil fuel alternative sources of energy?
___2 _YES ___4_ NO

6. Will this tax credit provide a further incentive for you to loan

money for solar energy applications?
1 YES 5 NO If no, please explain _
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Conmlents:

Depends on marketability of loans.
Don't know.

Tax credit would accrue to individual, not lender.
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