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What is solar insolation?

The amount of electromagnetic energy (solar radiation) incident on the surface of the earth. Basically that means how much sunlight is shining down on us.

Why is knowing the insolation level useful?

By knowing the insolation levels of a particular region we can determine the size of solar collector that is required. An area with poor insolation levels will need a
larger collector than an area with high insolation levels. Once you know your region’s insolation level you can more accurately calculate collector size and energy
output.
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What units are used to express Insolation levels?

The values are generally expressed in kWh/m*day. This is the amount of solar energy that strikes a square metre of the earth’s surface in a single day. Of course this
value is averaged to account for differences in the days’ length. There are several units that are used throughout the world.

The conversions based on surface area as follows:

1 kWh/m*day = 317.1 btu/ft¥day = 3.6MJ/m?/day

The raw energy conversions are:

1kWh = 3412 Btu = 3.6MJ = 859.8kcal

Is my region’s insolation level low, moderate or high?

The following scale is a basic guide for insolation levels. Although a value of 5 is not considered very high during the summer months, as an average annual value this
is very high. You will see that in central Australia, which is a hot, sunny place, the annual average insolation is 5.89.

You may compare you location to the following two extreme locations.

Average annual insolation levels:

Central Australia = 5.89 kWh/m?/day — Very High
Helsinki, Finland = 2.41 kWh/m?/day — Very Low
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Insolation Levels (Africa)

Average Insolation (10 year average) kWh/m%day

Year

Country = State/City Latitude Longitude = Jan Feb Mar = Apr May = Jun Jul Aug Sep Oct Nov Dec = Avg
./ | [/ /| | [/ | | [/ | /[ ] [ | |

BF Ouagadougou = 12'24"N 1'30"E 548 643 656 6.62 653 6.16 576 548 587 6.18 583 535 6.02
[ N N (N U N S U S S — _— _— _—

CF Bangui 18'32" N 120'36"E 413 497 599 661 6.17 553 573 487 507 455 407 381 512
I [ N I [ — [— S [ —_— _— U

CM Yaounde 3'48"N 11"30"W | 494 538 516 468 446 442 517 | 507 503 54 529 483 498
(N [ N [ U S S S U S [ — S_— _— N

DJ djibouti 11"33"N 43'09"E 5.6 577 659 681 685 687 646 647 656 6.77 622 555 6.37
(N [ N A [ O S [— —_——— S

Dz alger 36 ‘50" N 3'E 222 294 387 5 588 6.69 723 648 515 353 243 202 445
[N [ I N U R S S U S S — U S__— _—

EG Cairo 29'35"N 31"09"E 339 417 524 649 711 8 788 7.4 642 507 386 319 568
[ N N (N U N S U S S — _— _— _—

ET addis abeba 9'2"N 38'42"E 596 5.8 623 631 611 579 503 5 564 631 ©6.15 575 584
(N ) [ (N A N S S U [ S — _— S_—_— _—

GH accra 536" N 012" W 565 6.01 565 533 5 449 45 459 467 525 57 555 52
(N [ N [ U S S S U S [ — S_— _— N

GM gambia 13"28" N 16'39" W 501 593 667 692 672 6.06 548 509 53 567 536 495 576
[ N N (N U N S U S S — _— _— _—

GN conakry 9'36" N 13'36" E 581 641 651 622 569 569 509 505 546 587 598 56 5.78
[N [ S N U R S S U_— S S — _—— S__— _—
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KE nairobi 116" S 36'48"E 6.05 6.24 6.07 57 542 514 488 509 578 6.03 548 56 5.62
(N [ N [ U S S S U S [ — S_— _— N

LR liberia 6'30"N 9'30" W 543 572 559 531 511 461 425 | 419 467 513 524 52 5.03
[ N N (N U N S U S S — _— _— _—

LY tarabulus 32'54" N 13" 11" E 3.1 403 519 648 689 777 811 745 612 458 335 276 548
[N [ I N U R S S U S S — U S__— _—

MA rabat 32'32"N 917" W 313 386 509 6.08 689 731 734 6.8 569 437 325 282 521
(N [ N [ U S S S U S [ — S_— _— N

ML bamako 12'30" N 7'54"E 561 635 6.64 678 642 647 587 565 6.04 6.13 585 536 6.09
(N [ N A [ O S [— —_——— S

MR nouakchott 17"45" N 15"45" E 531 621 6.8 754 757 763 7.2 6.9 6.78 6.34 | 549 488 6.55
[N [ I N U R S S U S S — U S__— _—

NE niamey 13'30" N 2'12" W 542 639 672 6.79 675 631 6.07 578 6.07 6.16 579 529 6.12
[ N N (N U N S U S S — _— _— _—

NG abuja 9"12" N 711" E 557 633 6.22 6.1 589 547 492 465 512 582 581 542 561
(N ) [ (N A N S S U [ S — _— S_—_— _—

SD al khur-tum 15"33" N 32'32"E 546 619 6.75 725 685 6.9 652 635 642 6.17 566 522 6.31
(N [ N [ U S S S U S [ — S_— _— N

SL freetown 8'29"N 13"14" W 519 591 6.08 547 476 4.09 3.6 358 425 484 493 494 438
[ N N (N U N S U S S — _— _— _—

SN dakar 14'38" N 17"27"W | 484 577 656 6.81 | 6.7 5.7 515 5.01 513 546 503 463 556
[N [ I N U R S S U S S — U S__— _—

SO mugqdisho 2'02"N 45'20"E 6.38 6.81 6.71 628 585 545 521 561 6.15 6.16 6 591 | 6.04
(N [ N [ U S S S U S [ — S_— _— N

TN tunis 36'47.8"N  10'6.8"E 229 3.06 409 547 638 7.16 757 6.8 533 365 254 208 47
[N ) [ N A S S S U S — — _— _— S
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Insolation Levels (Asia & Sth Pacific)

Average Insolation (10 year average) kWh/m%day

Country = City Latitude Longitude Jan Feb Mar = Apr May = Jun Jul Aug Sep Oct Nov Dec = Year Avg
I N N N A S S N S S S S N S S S R

AE Abu Dhabi 24'28"N | 54'22"E 392 | 450 522 587 706 733 690 664 639 553 454 379 564
(N (N A S [ S [ S [ [ _— _— E_—

AU Adelaide 34"55"S  138"36"E @ 7.2 658 518 | 385 265 223 248 32 446 569 659 6.74 474
[N R A I S I [ _— S _— S _— S_—

AU Brisbane 27"99"S  153"8"E 6.93 6.09 544 434 35 329 352 443 562 6.18 6.74 693 525
(N [ A I [ U S S [ S _— _— S_—

AU Hobart 42"52"S | 147"19"E 597 533 405 273 179 144 168 241 36 478 592 618 3.82
(N Y U N (N S S S R S U — S U E_—

AU Melbourne 37"47"S  144"58"E  6.78 @ 6.22 476 34 229 184 204 279 394 527 628 646 434
[N R A I S I [ _— S _— S _— S_—

AU Perth 31"57"S  115"52"E 7.7 6.75 541 416 3.06 267 289 366 476 6.09 7.04 776 5.16
(N (N A S [ S [ S [ [ _— _— E_—

AU Sydney 34" 8 151" 0" E 6.34 568 4387 3.6 274 25 267 353 467 561 632 6.6 4.59
(N [ (N I U [ S — — [— _— _—_— [

BD Dhaka 23'42"N | 90'22"E 444 508 | 587 6.06 550 441 409 437 417 450 437 413 475
(N [ A I [ U S S [ S _— _— S_—

CN Beijing 39'55" N 116'25"E | 237 292 358 561 483 568 542 449 425 320 266 204 3.92
(N (N A S [ S [ S [ [ _— _— E_—

CN Nanjing 32'03"N  118'53"E = 2.04 222 265 450 384 447 493 450 367 3.02 288 208 340
(N [ (N N [ — [ [ U E— _— _—_—
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CN Shanghai 31"10"N 121'28"E 229 263 3.07 454 438 459 552 523 403 339 297 238 4.01
(N [ A I [ U S S [ S _— _— S_—

CN Hongkong 22'"18"N 114'"10"E 259 256 3.06 393 413 474 581 495 468 405 356 293 4.18
(N (N A S [ S [ S [ [ _— _— E_—

ID Jakarta 6'11"S 106'50"E | 415 459 500 494 488 471 509 546 566 536 476 447 503
[N R A I S I [ _— S _— S _— S_—

IL Tel Aviv 32'05"N | 34'46"E 278 3.5 473 603 686 787 781 722 619 463 332 262 573
(N [ A I [ U S S [ S _— _— S_—

IR Tabriz 38'48"N = 46'18"E 1.79 240 337 458 554 671 697 6.06 520 326 214 156 @ 4.13
(N [ (N I U [ S — — [— _— _—_— [

IR Tehran 35'40"N = 51'26"E 223 284 372 512 599 732 720 641 559 390 261 202 4.58
[N R A I S I [ _— S _— S _— S_—

IR Mashhad 36'16"N = 59'34"E 222 297 388 521 629 749 741 678 570 413 278 206 4.74
(N (N A S [ S [ S [ [ _— _— E_—

IR Bandar” Abbas = 27'15"N = 56'15"E 363 443 514 629 743 79 741 697 658 551 429 337 575
(N Y U N (N S S S R S U — S U E_—

IN New Delhi 28'N 77"E 368 447 550 6.60 7.08 655 501 462 511 499 415 342 5.10
(N [ A I [ U S S [ S _— _— S_—

IN Bombay 18"33"N | 72'32"E 522 | 603 666 705 ©6.77 459 354 340 472 539 515 480 528
(N (N A S [ S [ S [ [ _— _— E_—

IN Bangalore 12'57"N | 77'37"E 500 590 644 642 6.13 476 448 459 498 468 434 440 5.18
[N R A I S I [ _— S _— S _— S_—

Q Baghdad 33'20"N | 44'24"E 279 364 459 576 683 810 797 729 6.25 444 3.04 252 527
(N [ A I [ U S S [ S _— _— S_—

JO Amman 31"57"N | 35'57"E 293 367 483 604 688 791 786 727 625 471 347 276 5.80
[N N S [ [ N F [ S R S U — S S S_—
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JP Tokyo 35'45" N 139'38"E 231 299 370 490 5.07 447 488 542 382 298 250 223 4.00
(N [ A I [ U S S [ S _— _— S_—

KH Phnom penh 11"33"N 104'51"E 527 578 6.02 576 509 430 455 407 434 441 488 503 4.85
(N (N A S [ S [ S [ [ _— _— E_—

KP P” yongyang 39'N 125'18"E 250 335 450 517 560 535 451 463 422 351 246 209 4.20
[N R A I S I [ _— S _— S _— S_—

KR Seoul 37"31"N 127'E 262 340 429 524 563 515 426 455 399 364 260 224 416
(N [ A I [ U S S [ S _— _— S_—

LA Vientiane 18'07"N | 102'35"E = 4.30 494 552 574 511 424 422 419 461 426 421 424 463
(N [ (N I U [ S — — [— _— _—_— [

LB Beirut 33' 54N 35' 28E 264 34 463 6.03 696 7.9 784 719  6.13 | 45 314 244 568
[N R A I S I [ _— S _— S _— S_—

MM Yangon 16"47"N | 96'09"E 540 6.06 665 6.69 514 324 330 299 412 451 482 505 465
(N (N A S [ S [ S [ [ _— _— E_—

MN Ulaanbaatar 47'55"N 106'54"E | 179 277 424 553 626 615 555 488 417 3.00 182 140 4.30
(N Y U N (N S S S R S U — S U E_—

MY Kuala Lumpur 3'07"N 101"42"E 454 527 514 505 480 498 491 478 454 451 423  4.07 470
(N [ A I [ U S S [ S _— _— S_—

NZ Auckland 36"52"S | 174"45"E  6.37 59 471 343 244 2 225 295 413 523 6.05  6.56 4.34
(N (N A S [ S [ S [ [ _— _— E_—

NZ Christchurch 43" 32s 172" 37e 5.9 495 386 275 172 131 147 215 33 434 543 | 564 @ 3.57
[N R A I S I [ _— S _— S _— S_—

Nz Wellington 41"17"S | 174"47"E 627 | 531 417 3 195 154 174 246 366 4.7 573 | 6.01 @ 3.88
(N [ A I [ U S S [ S _— _— S_—

oM Mascat 23'37"N | 58'37"E 434 500 585 669 754 756 691 6.71 655 593 495 423 6.29
[N N S [ [ N F [ S R S U — S S S_—
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PH Cebu 10"19" N 123'54"E | 453 515 583 6.25 590 483 476 493 496 475 449 444 507
(N [ A I [ U S S [ S _— _— S_—

PH Manila 14' 37" N 120'58"E | 482 562 642 6.75 619 496 494 441 486 463 459 450 522
(N (N A S [ S [ S [ [ _— _— E_—

SA Riyadh 24'39"N | 46'42"E 403 492 556 624 727 799 786 746 683 580 458 382 6.03
[N R A I S I [ _— S _— S _— S_—

SG Singapore City = 1'N 103'E 443 552 505 505 462 466 451 461 449 450 398 393 4.61
(N [ A I [ U S S [ S _— _— S_—

TH Bang Kok 13'45"N | 100'30"E | 442 465 484 503 475 377 422 346 363 389 416 @ 440 4.27
(N [ (N I U [ S — — [— _— _—_— [

TH Chiang Mai 18'N 99'E 479 551 | 611 629 553 444 416 418 450 434 428 448 488
[N R A I S I [ _— S _— S _— S_—

TR Ankara 39'567"N | 32'53"E 177 238 369 454 553 663 699 655 522 324 199 151 417
(N (N A S [ S [ S [ [ _— _— E_—

VN Hanoi 21'N 105'54"E | 252 294 381 434 466 451 462 462 457 364 329 317 3.89
(N Y U N (N S S S R S U — S U E_—

YE Aden 12"50"N | 45'02"E 545 578 652 648 671  6.72 633 633 641 654 599 539 6.22
I [ A S I U [ S [ S — S _— _—
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Insolation Levels (Canada)

Average Insolation (10 year average) kWh/m%day

State City Latitude Longitude Jan Feb Mar Apr May = Jun Jul Aug Sep Oct Nov Dec Year Avg
./ | [ | |/ [/ /[ [/ [/ [/ /[ [ [ [ |

AB Edmonton 53°34'N 113° 31" W 145 236 @ 341 425 491 542 555 476 352 218 | 143 121 3.37
(N F N [ S N R S R S R [ —_—

BC Victoria 48°25'N 123°19'W 1 182 293  4.01 513 554 585 528 388 217 1.11 0.86 @ 3.29
[ I A N N S _— S S U N S N R

MB Winnipeg 49°54'N 97° 14'W 1.21 208 327 455 554 58 585 484 332 221 133  1.02 34
(N N N [ N N I S [ R R [ _— _—

NL St. Johns 45°19'N 65°53' W 156 227 348 419 476 505 505 454 353 229 1.43 1.27 | 3.28
(N F R [ U I R S R [ R [
NS Halifax 44°39'N 63°34'W 156 @ 2.31 346 | 409 | 482 | 527 @ 541 486 392 254 1.53 1.3 3.42

ON Toronto 43°41'N 79°38'W 144 227 319 413 515 583 567 482 366 247 148 120 344
(N F N [ S N R S R S R [ —_—

QC Montreal 45°28'N 73°45'W 145 236 341 425 491 542 555 476 352 218 | 143 121 337
(N E (N N [ S — [ —— —_— —_— [_—— _— _—

SK Regina 45°19'N 65°53'W 114 196 3.02 469 548 579 6.14 496 342 229 130 095 342
(N N S [ N R S [ [ [ [ —
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Insolation Levels (Europe)

Average Insolation (10 year average) kWh/m%day

Country | State/City Latitude Longitude = Jan Feb Mar Apr May = Jun Jul Aug Sep Oct Nov Dec Year Avg
I R S S S S S S S N S S S S S N R

AT Vienna 48"13"N 16'22" E 110 181 280 376 476 512 572 | 498 368 215 128 093 @ 3.52
(N N N [ A N A S S —— U S _— N_—

BE Bruxelles 50'45"N | 4'30"E 074 131 | 229 368 467 448 482 420 286 173 092 056 @ 3.02
(N N I [ S U S S U_— S [_— — S _— S_—

BG Sofija 42'40"N  23'18"E 1.5 204 297 405 5 5.8 6.29 568 446 275 162 127 3.99
(N N N [ U I S _— [ [ _— S _— ___—

CcY Limassol 34"40"N  33'03"E 252 326 454 6.00 6.85 @7.81 780 718 6.11 443 3.02 231  5.61
(N N A [ U A N S U S R S S _— S_—

CR Zagreb 45'29"N  15'35"E 130  2.00 294 3.91 503 537 593 519 394 239 139 109 3.72
(N N I [ S U S S U_— S [_— — S _— S_—

DE Hamburg 53'33"N = 9'59"E 054 111 | 209 368 486 447 447 389 259 148 069 @040 252
(N N N [ A N A S S —— U S _— N_—

DE Munich 48'05"N  11'23"E 1.05 180 | 282 395 484 465 514 446 320 200 102 079 2098
I R (N N N [ U — — [— _—— U_— S

ES Madrid 40'25"N | 3'41"W 193 275 409 483 585 652 711 630 491 | 307 197 159 462
(N N N [ U I S _— [ [ _— S _— ___—

ES Malaga 36"42"N 442" W 252 324 451 540 635 709 764 681 539 370 258 214 516
(N N N [ A N A S S —— U S _— N_—

ES Barcelona 41'24"N | 2'9"E 189 271 | 397 499 582 656 7.01 607 472 311 204 170 460
[N N (N N S [ U S— [ [ —_— [_—— _—_—__—
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ES Alicante 38"40"N | 0'30"W 223 302 | 426 539 613 6.89 734 653 511 345 234 194 494
(N N N [ U I S _— [ [ _— S _— ___—

FX Lyon 45'46"N | 4'50"E 126 197  3.02 408 497 540 6.038 | 523 393 227 143 1.08 @ 3.74
(N N N [ A N A S S —— U S _— N_—

FX Paris 48'52"N | 2'20"E 089 162 | 262 395 490 483 535 461 333 200 112 072  3.34
(N N I [ S U S S U_— S [_— — S _— S_—

FX Toulouse 43'37"N 1"26"E 139 214 319 403 482 516 586 507 409 248 158 | 125 3.75
(N N N [ U I S _— [ [ _— S _— ___—

GR Athens 38'N 23'43"E 200 252 367 521 638 752 761 691 557 350 216 163 @ 4.56
I R (N N N [ U — — [— _—— U_— S

HU Budapest 47"30" N 19'3"E 1.00 171 276 390 503 530 562 484 357 224 117 088 @ 3.17
(N N I [ S U S S U_— S [_— — S _— S_—

IE Dublin 53'20"N = 6'15"W 056 1.07 | 197 332 440 430 430 340 269 143 0.77 043 239
(N N N [ A N A S S —— U S _— N_—

IT Milan 45'28"N | 9'12"E 127 189 291 365 484 536 597 521 391 240 142  1.08 3.33
(N N A [ U A N S U S R S S _— S_—

IT Rome 41"53" N 12'30" E 1.78 252 371 487 598 684 708 634 483 3.08 198 156 4.21
(N N N [ U I S _— [ [ _— S _— ___—

NL Amsterdam | 52'21"N = 4'54"E 0.61 121 227 376 488 473 478 413 280 160 078 045 267
(N N N [ A N A S S —— U S _— N_—

NO Oslo 59'56" N 10'44" E 0.3 087 168 312 465 484 459 336 222 102 042 019 227
(N N I [ S U S S U_— S [_— — S _— S_—

RO Bucharest 44'26"N | 26'06"E 136 194 291 394 503 56 6.15 553 415 259 | 137 1.1 3.47
(N N N [ U I S _— [ [ _— S _— ___—

PT Lisboa 38"42"N  9"11"W 227 299 43 515  6.13 646 689 6.33 511 344 227 184 443
(N N A [ N U S N S S [ — S _— S
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PT Oviedo 43'21"N | 5'50"W 167 229 344 459 556 632 686 595 451 271 1.77 146  3.93
(N N N [ U I S _— [ [ _— S _— ___—

UA Odessa 46'30"N  30'46"E 1.08 178 268 387 54 5.7 6.39 563 396 245  1.06 0.87 3.41
(N N N [ A N A S S —— U S _— N_—

UK Edinburgh 55'55"N = 3"10"W 044 094 | 186 318 433 434 413 341 243 12 059 032 | 226
(N N I [ S U S S U_— S [_— — S _— S_—

UK London 51"32"N  0'5"W 067 126 | 222 348 454 451 474 401 286 165 089 052 261
(N N N [ U I S _— [ [ _— S _— ___—

Sz Bern 46'57"N  7'26"E 1.1 177 274 36 4.7 507 568 495 366 218 126 092 3.14
I R (N N N [ U — — [— _—— U_— S

Sz Lausanne 46"32"N | 6'39"E 110 181 280 376 476 512 572 498 368 @ 215 128 093 3.17
(N N I [ S U S S U_— S [_— — S _— S_—

YU Beograd 44'50"N | 20'30"E 129 189 292 386 488 545 6 5.3 405 25 1.4 111 3.39
(N N N [ A U A S U [ _— S S_— S_—
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Insolation Levels (Sth America)

Average Insolation (10 year average) kWh/m%day

Year
Country State/City Latitude Longitude = Jan Feb Mar = Apr May = Jun Jul Aug Sep Oct Nov Dec = Avg
[ I (N I [ R U U S S R U E_— S S R
17° 30’
Belize Belize City N 88°11'W 373 | 459 545 597 575 519 503 516 482 450 399 354 481
[ E (N I U R U U U S S— S S R
09° 59’
Costa Rica San Jose N 84° 04'W 6.09 674 723 664 526 500 494 484 476 463 463 530 @551
[ I (N I [ R U U U S S S S R
13° 40’
El Salvador San Salvador = N 89°10'W 558 | 623 6.68 652 595 574 622  6.18 549 561 542 530 591
[ I (N I [ R U U S S R U E_— S S R
Guatemala 14° 37’
Guatemala City N 90°31'W 493 548 590 581 535 491 527 512 459 468 465 462 511
[ E (N I N R U U S S U S_— S_— U R
14° 05’
Honduras Tegucigalpa N 87°14'W 426 508 584 599 554 535 534 547 504 443 415 391  5.03
[ I (N I [ R U U U S S S S R
16° 50’
Mexico Acapulco N 99° 54" W 546 | 630 717 741 7.06 6.16 6.29 6.20 545 594 556 519 6.18

Mexico Cancun 21°10° 86°50'W | 416 514 6.04 686 6.79 647 663 665 586 519 451 390 5.68
[N [ A I [ S U S S [ _— S_— _— _—
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N
(N (N A [ R S U S [ — _— _— _—

28° 39’ 106° 05’

Mexico Chihuahua N w 341 434 563 643 688 653 569 530 514 465 389 326 5.10
(N (N A [ S R S U S S [ _— _— _— E_—

20° 40’ 103° 40’

Mexico Guadalajara N W 424 518 6.21 671 689 6.00 523 541 514 511 479 413 542
[N [ A I [ S S S - S_— _— __—

24°09' 110°18’

Mexico La Paz N W 373 467 575 663 716 707 640 6.06 @552 493 411 351 546
(N (N A [ R S U S [ — _— _— _—

19° 26’

Mexico Mexico City N 99°08'W 434 507 589 595 590 503 476 486 457 | 473 457 429 5.00
[ [ A (N U R S U U R — S — _—

25° 40’ 100° 23’

Mexico Monterrey N w 333 420 540 571 606 589 559 544 476 449 390 323 4.83
[N [ A I [ S S S - S_— _— __—

17° 04’

Mexico Oaxaca N 96°43'W | 436 499 574 608 586 501 492 495 443 463 438 408 495

' ' ! ' ! ' ' ' [ | | [ | | | |
Puerto 20°39' | 105°14'

Mexico Vallarta N w 420 529 639 712 751 696 617 599 532 530 482 4.00 5.76

[ [ A (N U R S U U R — S — _—
32°32' 117° 01"

Mexico Tijuana N W 332 415 523 637 661 643 646 631 540 426 365 3.08 5.11
(N (N A [ S [ S U [ S [ — _— _— _— ____—
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19° 10’

Mexico Veracruz N 96° 07" W 355 | 413 486 535 540 512 515 517 466 445 392 343 460
(N (N A [ R S U S [ — _— _— _—

12° 10’
Nicaragua Managua N 86° 15' W 534 589 659 654 583 567 570 569 543 539 515 505 569
! [ | [ ! |/ /[ [ [/ | [ [ [ [ |
08° 58’
Panama Panama City N 79°33'W 527 | 592 623 575 478 411 416 @ 415 424 399 423 466 4.79
I R N S R R N S S N N S R S N R ——
23° 09’
Cuba Havana N 82°21'W 409 497 592 706 715 710 690 686 @ 6.10 512 426 @ 3.74 577
I R R S R N N S S N N R S N R R
17° 58’
Jamaica Kingston N 76°48' W 492 567 645 680 650 6.82 684 6.61 6.23 545 476 458 | 597
[ N (N N [ N N U U U [ — — S
18° 15’
Puerto Rico San Juan N 66° 30' W 426 490 570 6.09 589 6.09 6.08 578 526 480 436 4.15 528
I R N S R R N S S N N S R S N R ——
Fort de 14° 37’
Martinique France N 61°05' W 535 598 659 694 6.70 642 649 645 6.03 587 515 515  6.09
! [ | [ ! |/ /[ [ [/ | [ [ [ [ |
Dominican 18° 29’
Rep. Santiago N 69° 54' W 389 | 446 524 553 552 548 541 513 480 446 403 378 481
[ N (N N [ N N U U U [ — — S
34° 36’
Argentina Buenos Aires | S 58°23' W 6.44 567 453 353 274 204 231 327 423 512 6.36 6.44 @ 4.39
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31° 24’

Argentina Cordoba S 64°12' W 7.07 | 630 490 387 3.01 265 279 363 476 593 6.63 696 4.88
(N (N A [ R S U S [ — _— _— _—

51° 37’
Argentina Rio Gallegos S 69°13'W 547 | 463 332 202 1.07 071 0.81 1.61 287 426 553 579 317
[ [ [ | [ [ [ [ ([ | [ [ [ [ [ |
16° 29’
Bolivia La Paz S 68°08' W 530 557 5.16 | 5.01 478 437 @ 451 496 566 598 6.15 592 @ 528
I R R I D P D P R D R R R R D N
17° 47’
Bolivia Santa Cruz S 63°10'W 457 490 457 392 344 325 344 4.01 445 500 5.21 5.01 4.31
I D D R D P D R R P R R D R D N
19°02'
Bolivia Sucre S 65°15'W 167 229 347 458 559 6.37 686 597  4.51 273 177 146 3.94
[N ) Y N N N R R U I N I N R R R ——
01° 27’
Brazil Belem S 48°29' W 454 434 426 446 475 499 | 527 550 585 579 552 496 @ 5.02
I R R I D P D P R D R R R R D N
Belo 19° 55’
Brazil Horizonte S 43° 56' W 545 | 563 534 478 430 409 432 482 505 526 525 498 494
[ [ [ | [ [ [ [ ([ | [ [ [ [ [ |
15° 52'
Brazil Brasilia S 47° 56' W 5.21 515 509 499 480 459 486 546 528 523 497 482 504
[N ) Y N N N R R U I N I N R R R ——
25° 26'
Brazil Curitiba S 49°15'W 548 488 432 357 295 283 296 347 387 | 465 544 541 415

Page 16/24



03° 43’
Brazil Fortaleza S 38°31'W 585 | 544 482 480 511 534 574 634 660 662 650 616 578
(N (N A [ R S U S [ — _— _— _—

03° 08’
Brazil Manaus S 60°01'W 415 412 422 | 434 408 424 455 498 523 493 472 | 423 448
[ [ [ | [ [ [ [ ([ | [ [ [ [ [ |
30° 02’
Brazil Porto Alegre S 51°13'W 6.08 556 454 348 @ 2.81 227 250 3.06 3.89 5.01 593 6.50 4.30
I R R I D P D P R D R R R R D N
08° 05'
Brazil Recife S 34° 54' W 6.59 6.22 595 505 484 4.61 438 507 578 | 6.23 6.40 6.48 563
I D D R D P D R R P R R D R D N
Rio de 22° 54'
Brazil Janeiro S 42°10'W 540 | 534 487 411 343 335 339 383 377 441 497 498 @ 4.32
[N ) Y N N N R R U I N I N R R R ——
12° 59’
Brazil Salvador S 38°30'W 589 579 528 459 409 375 383 426 479 | 532 538 5.61 4.88
I R R I D P D P R D R R R R D N
23° 33’
Brazil Sao Paulo S 46° 39' W 544 | 505 475 4.21 347 336 354 419 425 509 573 538 454
[ [ [ | [ [ [ [ ([ | [ [ [ [ [ |
20° 13’
Chile Iquique S 70°10'W 742 734 619 | 470 345 278 304 339 453 537 636 740 5.16
[N ) Y N N N R R U I N I N R R R ——
40° 35’
Chile Osorno S 73°14' W 6.78  6.02 434 293  1.91 143 169 248 350 495  6.47 6.98 412
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33° 27
Chile Santiago S 70°42'W 755 | 656 513 383 259 222 238  3.09 408 564 684 782 481
(N (N A [ R S U S [ — _— _— _—

33°01'

Chile Valparaiso S 71°38' W 755 | 656 513 383 259 222 238 309 408 564 6.84 782 481

[ [ [ | [ [ [ [ ([ | [ [ [ [ [ |
04° 36'

Columbia Bogota N 74° 05' W 450 448 467 446 445 463 | 4.71 470 480 428 424 432 452

I R R I D P D P R D R R R R D N
03° 27’

Columbia Cali N 76° 30'W 363 | 390 4.09 389 376 3.7 405 393 389 | 352 349 344 @ 3.78

I D D R D P D R R P R R D R D N
10° 25'

Columbia Cartagena N 75°32'W 574 6.18 654 | 630 562 556 566 572 535 472 490 530 5.63

[N ) Y N N N R R U I N I N R R R ——
06° 14’

Columbia Medellin N 75° 34' W 395 422 438 | 395 4.01 436 467 4.51 437 382 378 386 4.16

I R R I D P D P R D R R R R D N
02°13'

Ecuador Guayaquil S 79° 54' W 6.07  6.01 6.31 6.31 583 488 450 450 495 469 529 593 544

[ [ [ | [ [ [ [ ([ | [ [ [ [ [ |
00° 14'

Ecuador Quito S 78°30'W 3.57 | 356 3.71 3.71 3.73 | 3.81 385 388 389 379 385 368 375

[N ) Y N N N R R U I N I N R R R ——

French 04° 56’

Guiana Cayenne N 52°27'W 3.91 434 455 466 4.04 425 496 540 5.81 5.51 4,91 429 472
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06° 50’
Guyana Georgetown N 58°12'W 412 457 498  5.09 449 432 465 490 515 488 442 401 4.63
(N (N A [ R S U S [ — _— _— _—

16° 25’
Peru Arequipa S 71°32'W 495 526 488 490 480 453 478 516 570 584 596 554 519
(N (N A [ S R S U S S [ _— _— _— E_—
13° 30’
Peru Cusco S 71°58'W | 419 443 423 399 374 356 4.01 429 455 472 467 450 4.24
[N [ A I [ S S S - S_— _— __—
12° 03’
Peru Lima S 77°02' W 727 752 725 628 478 334 317 339 433 511 6.02 6.85 544
(N (N A [ R S U S [ — _— _— _—
25° 20
Paraguay Asuncion S 57°31'W 6.10 577 498 384 348 276 3.09 397 449 526 6.22 6.26 4.69
I N N N S [ I [ — —(—[— —__—_— _— U E__—
05° 49’
Suriname Paramaribo N 55°09'W | 413 463 507 508 478 478 512 542 587 561 497 447 499
[N [ A I [ S S S - S_— _— __—
10° 30’
Venezuela Caracas N 66° 54' W 514 582 611 594 576 563 577 577 572 556 501 484 559
(N (N A [ S R S U S S [ _— _— _— E_—
10° 39’
Venezuela Maracaibo N 71°36'W | 471 509 542 522 512 528 549 531 520 468 455 451 505
I N N N S [ I [ — —(—[— —__—_— _— U E__—
10° 09’
Venezuela Valencia N 68° 00" W 575 668 717 728 648 511 592 6.26 6.26 6.13 576 541 6.18
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Insolation Levels (USA)

Average Insolation (10 year average) kWh/m%day

State | City Latitude Longitude Jan Feb Mar Apr May = Jun Jul Aug Sep Oct Nov Dec Year Avg
I N R R S S S S S R N S R N N R R

AL Birming han 33'34"N 86' 45" W 229 331 404 514 592 598 581 57 4.8 393 296 225 434
(N R N R S R [ U S — S S _— _—

AK Anchorage 61'10"N 150" 1" W 021 076 168 312 398 458 425 316 198 098 037 0.12 @ 2.09
(N [ [ R S [ [ [ U S S _— S _— _—

AR little rock 32'25"N 94'44" W 236 339 401 532 571 619 6.15 585 525 417 295 225 @ 4.46
[N I N N S S [ _— S S U S _— __—

AZ Phoenix 33°26"N | 112'"1"W 325 441 517 676 742 7.7 6.99  6.11 | 6.02 444 352 275 538
(N R N R S R [ U S — S S _— _—

CA Los Angeles 34'N 118" W 3.09 425 509 658 729 762 745 6.72 611 442 343 272 540
(N [ S [ N [ [ U S S S S _— _—

CA San Francisco = 38'31"N 121"30"W | 235 333 442 595 684 739 755 651 575 392 265 206 4.89
[N I N N S S [ _— S S U S _— __—

CO Denver 39'45"N 104'52"W | 225 3.2 432 561  6.11  6.71 | 65 586 | 547 401 259 198 @ 455
(N [ [ R S [ [ [ U S S _— S _— _—

CT Hartford 41'44"N 72'39" W 1.7 243 348 407 514 558 538 504 413 291 181 142 359
(N E N N [ U S S — — (—— __— ___—

DE Dover 39'8"N 75'28" W 185 262 3.6 433 544 591 564 53 438 323 221 166 @ 3.84
(N R N R S R [ U S — S S _— _—

FL Miami 25'48"N 80" 16" W 372 461 542 64 6.61 6.29 6.26 6.08 547 484 396 346 526
(N [ N N N S [ U U S _— S S _— _—
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GA Atlanta 33'39"N 84'26" W 231 337 408 52 6.02 6.01 581 559 476 395 298 233 4.37
(N R N R S R [ U S — S S _— _—

HI Honolulu 21"20"N 157'55"W | 438 515 599 6.69 705 748 737 707 651 546 441 401 596
(N [ [ R S [ [ [ U S S _— S _— _—

IA Dubuque 42'24"N 90' 42" W 164 258 334 457 554 6.06 581 526 433 303 172 135 3.77
[N I N N S S [ _— S S U S _— __—

ID Boise 43'34"N 116" 13" W 1.73 272 377 | 522 | 59 6.57 | 717 612 528 329 174 146 4.24
(N R N R S R [ U S — S S _— _—

IN Indianapolis 39'44" N 86" 17" W 167 259 328 467 546 611 579 537 476 333 197 146 @ 3.87
(N E N N [ U S S — — (—— __— ___—

IL Chicago 41'53"N 87'38" W 1.5 245 32 448 556  6.07 568 527 451 307 169 126 3.72
[N I N N S S [ _— S S U S _— __—

KS Kansas City 39'12"N 94'36" W 206 289 362 492 558 6.17  6.21 559 | 49 349 22 1.75 4.1
(N [ [ R S [ [ [ U S S _— S _— _—

KY Louisville 38"11"N 85'44" W 171 265 332 473 538  6.08 579 535 438 342 | 21 156 3.9
(N [ S [ N [ [ U S S S S _— _—

LA New Orleans 29'37"N 90'5" W 264 373 | 467 58 6.6 6.15 6.09 57 513 448 @ 349 268 @476
(N R N R S R [ U S — S S _— _—

MA Boston 42'22" N 712" W 166 2.5 351 413 511 547 544 505 412 284 174 14 3.58
(N [ [ R S [ [ [ U S S _— S _— _—

MD Annapolis 38'35"N 76'21" W 196 2.8 371 455 554 6.03 577 534 448 34 237 181  3.98
[N I N N S S [ _— S S U S _— __—

ME Portland 45'36" N 122" 36" W 138 233 349 457 546 6.09 6.64 578 438 279 141 11 3.82
(N R N R S R [ U S — S S _— _—

MI Detroit 42'25"N 83" 1" W 143 233 319 434 544 598 564 499 425 273 152 114 3.58
(N [ N N N S [ U U S _— S S _— _—
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MO St.Louis 38'45"N 90' 23" W 202 282 | 352 497 556 621 6.05 563 491 355 221 173 @ 4.09
(N R N R S R [ U S — S S _— _—

MN Minneapolis 44'53" N 93"13" W 1.6 261 33 455 544 586 577 512 412 29 162 134 3.68
(N [ [ R S [ [ [ U S S _— S _— _—

MS Jackson 42" 16" N 84'28" W 147 241 322 433 546 593 | 557 499 43 278 155 | 117 | 3.59
[N I N N S S [ _— S S U S _— __—

MT Billings 45'48"N 108' 32" W 165 257 352 482 563 645 639 575 467 319 | 177 13 3.96
(N R N R S R [ U S — S S _— _—

MT Great Falls 43'33"N 96'42" W 1.3 236 341 484 556 6.18 644 553 44 29 153 111 3.79
(N E N N [ U S S — — (—— __— ___—

NC Charlotte 35"13"N 80' 56" W 222 317 | 395 498 58 6.01 576 527 458 375 276 221 42
[N I N N S S [ _— S S U S _— __—

ND Fargo 46'54" N 96'48" W 144 239 336 479 562 582 594 514 401 283 159 131 368
(N [ [ R S [ [ [ U S S _— S _— _—

NE Omaha 41"18"N 95'54" W 192 276 345 474 | 56 6.14 611 546 @ 474 334 2 157  3.98
(N [ S [ N [ [ U S S S S _— _—

NH Manchester 42'56" N 71'26" W 166 25 351 413 | 511 547 544 505 412 284 174 14 3.58
(N R N R S R [ U S — S S _— _—

NJ Trenton 40"13"N 74' 46" W 171 239 343 404 526 567 539 514 418 3 198 148 3.63
(N [ [ R S [ [ [ U S S _— S _— _—

NM Albuquerque 35'3"N 106'37"W | 292 397 492 63 6.68 6.94  6.66 58 568 418 | 316 25 4.97
[N I N N S S [ _— S S U S _— __—

NV Las Vegas 36'18" N 1156'16"W = 3.02 413 505 657 | 725 769 737 642 6.08 426 318 26 5.3
(N R N R S R [ U S — S S _— _—

NY New York 41'N 74" W 167 237 341 393 511 548 526 501 405 285 182 14 3.53
(N [ N N N S [ U U S _— S S _— _—
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OH Columbus 39'16" N 85'54" W 1.64 257 326 463 54 6.08 573 529 474 329 19 145 3.83
(N R N R S R [ U S — S S _— _—

OK Tulsa 36'12" N 95'54" W 233 322 | 39 525 558 632 64 5.8 5.08 3.8 262 206 @ 4.36
(N [ [ R S [ [ [ U S S _— S _— _—

OR Portland 45'32"N 122'40" W 138 233 | 349 457 546 6.09 664 578 4.8 279 141 11 3.82
[N I N N S S [ _— S S U S _— __—

PA Philadelphia 39'53"N 75'15" W 1.85 262 36 433 544 591 564 53 438 323 221 166 3.84
(N R N R S R [ U S — S S _— _—

PA Pittsburgh 40'27"N 79'57" W 159 24 326 407 505 553 527 494 405 288 186 141 353
(N E N N [ U S S — — (—— __— ___—

RI Providence 41'44"N 71'26" W 1.7 246 353 4.2 517 567 | 548 508 421 297 1.8 143  3.64
[N I N N S S [ _— S S U S _— __—

SC Columbia 38'58"N 92'22" W 214 291 | 362 503 556 622 6.13 564 495 357 225 182 4.15
(N [ [ R S [ [ [ U S S _— S _— _—

SD Sioux Falls 45'27"N 98' 25" W 172 271 331 465 561 6.1 6.04 542 447 3.2 1.78 143 @ 3.87
(N [ S [ N [ [ U S S S S _— _—

TN Nashville 36'7"N 86'41" W 1.94 29 354 476 | 557 59 586 562 | 463 353 245 182 4.04
(N R N R S R [ U S — S S _— _—

X San Antonio 29'32"N 98' 28" W 257 37 443 554 594 662 649 628 57 467 343 262 4.83
(N [ [ R S [ [ [ U S S _— S _— _—

X Houston 29'59" N 95'22" W 247 35 4.4 559 | 6.03 645 636 6.07 546 461 3.3 244 472
[N I N N S S [ _— S S U S _— __—

) Salt Lake City 40"46" N 111"62"W | 223 315 409 557 626 698  6.86 598 539 368 229 197 453
(N R N R S R [ U S — S S _— _—

VA Washington 38'51"N 772" W 1.95 28 366 446 542 588 563 522 438 336 234 179 39
(N [ N N N S [ U U S _— S S _— _—
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VT Montpelier 44'16" N 72'35" W 158 254 35 405 5 524 537 492 379 246 152 128 343
(N R N R S R [ U S — S S _— _—

WA Seattle 47'32" N 122" 18" W 1.14 2,04 323 426 519 575 627 546 443 25 1.21 0.9 3.53
(N [ [ R S [ [ [ U S S _— S _— _—

Wi Milwaukee 42'57"N 87' 54" W 143 241 329 448 | 56 6.09 574 521 | 434 29 1.6 1.2 3.69
[N I N N S S [ _— S S U S _— __—

Wwv Charleston 38'22"N 81'36" W 175 264 334 426 | 52 567 549 519 426 319 215 162 3.73
(N R N R S R [ U S — S S _— _—

WY Casper 42'55"N 106"'28"W = 193 2.8 379 513 59 6.68 6.5 59 513 359 206 165 4.25
(N I N N [ U S U S — (— — _— __—
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