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ABSTRACT

A study on the Output Characteristics of 100kW Building
Roof-Top Photovoltaic System

Kim, Cheong Dam
Advisor : Prof. Geum-Bae Cho, Ph. D.
Department of Electrical Engineering

Graduate School of Chosun University

As worldwide problems, such as instability of oil price, depletion of fossil fuel,
climatic change and environmental pollution, are becoming serious, the issues on
the alternative energy and clean energy have been rising. In the case of South
Korea, as environmental pollution, oil crisis and an accident in nuclear facility have
happened, existing problems on energy security and destruction of environment
have been brought up, and these problems became a political and social issue in
South Korea. Therefore, there has been more attention to renewable energy source
and this energy source is highlighted as an alternative way to solve the problems.

In the case of Europe that led the demand of the early renewable energy, they
built dispersed power station that produce electricity in area where electricity is
needed rather built a power plant on a large scale. It is anticipated that small scale
of sunlight generation will be occupied 48% of the whole pie, and the demand of
sunlight in America continent makes up more than a half of the whole demand
around the world. New Energy Finance predicts that a scaled of worldwide
renewable energy market will be above 100GW and will reach around 235GW
a year by 2030. It is also anticipated that quantity of installation of the renewable

energy plant will reach by 2995GW. Now, it is expected that Asia will have the
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biggest demand of renewable energy as well as thermal power along with the
development of economy. Thus, it is also estimated that the demand of the sunlight
in Asia will be reaching around 894GW, and this amount is going to be 50% of
the whole pie. The demand of wind power including offshore wind power in Asia
will be around 502GW, and it will be 1400GW of the demand in sunlight and wind
power all together. Therefore, Asia’'s demand of renewable energy will be 47% of
all, and this will be the biggest scale among the globe.

The Building integrated photovoltaic system, (BIPV), where solar panels covered
with photovoltaics are embedded to certain parts of a building. Such parts can
include floors, roofs (slanted or horizontal), rooftops, walls (interior or exterior),
windows, doors, awnings and facade. This system, the panels peplacing the
building parts mentioned above, enables to cut spending twice. the system where
the panels are fixed via a stand, mostly on rooftops. This system is suitable for
large buildings such as schools, research facilities, or factories. Since the angle of
the panels can be set relatively freely, it can maximize the efficiency of the power
generation according to the place where the building is located by finding the
“optimized angle”, hence the economic feasibility.

This thesis investigates in detail the characteristics of the photovolatic power
generation system, in an environment where solar panels are fixed to stands which
are installed on building rooftops. For this purpose, two groups of photovoltaic
modules with similar energy-producing capacities (45 and 54 kW, respectively) are
installed on rooftops of separate buildings. The power generation pattern
corresponding to a number of variables is then studied, based on the time-series
analysis on the output of daily and monthly data, through checking dependence on
the incident angle of the ray. For this, the module groups were divided into two
categories: The first one with panels that are horizontal to the ground and the
second one with those tilted by 25° from it, and by probing the relation of the

power output and the atmospheric temperature.
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Table 1 PV system current state and prospect by country

Conservative Optimistic

2013 2014 2015 2016 2014 2015 2016
UK 1,005 1,921 1,408 1,169 2,232 1,858 1,448
Israel 139 193 194 195 277 348 349
Japan 7,092 10,300 | 11,400 | 12,072 | 11,900 | 13,199 | 15,838
Korea 361 350 340 340 440 440 440
China 12,920 | 12,000 | 13,061 | 16,067 | 14,000 | 15,072 | 18,086
Taiwan 175 70 70 70 170 200 201
USA 4,670 4,615 6,209 8,657 5,640 7,588 10,581
Canada 435 586 581 313 785 720 501
Germany 3,304 2,100 2,100 2,300 2,300 2,300 2,900
Belgium 207 180 204 120 237 280 152
Netherlands 300 361 435 440 420 507 515
Portugal 45 53 53 53 72 70 74
Spain 143 0 30 36 30 90 135
Italy 1,812 830 600 630 1,530 1,200 920
France 612 950 950 950 1,050 1,050 1,050
Australia 859 773 902 932 793 942 993
India 968 892 3,116 3,120 1,100 3,561 3,570
Austria 263 316 379 455 368 368 368
Bulgaria 10 12 14 17 13 16 21
Greece 995 16 18 22 100 120 156
Czech Republic 60 0 0 0 0 0 0
Slovakia 4 7 8 8 11 15 15
Turkey 6 230 431 637 380 792 559
Thailand 429 295 225 400 317 370 390
Slovenia 32 0 0 0 0 0 0
Ukraine 370 20 20 20 50 30 30
Romania 1,101 110 13 17 170 26 34
Russia 0 35 140 189 35 140 189
Other Balkans 9 7 29 41 9 39 56
Denmark 216 238 261 287 248 286 329
Switzerland 300 250 250 251 300 30 301
Brazil 7 48 116 176 48 134 177
Mexico 57 100 160 267 132 203 408
Chile 9 503 770 992 574 826 1,045
Other SE Asia 125 136 306 392 210 335 357
Rest of Latin America | 60 271 320 471 222 458 413
South Africa 177 492 335 392 601 409 479
RoW 1,043 3,400 4,150 5,535 4,703 6,348 7,481
Total 40,319 | 42,659 | 49,597 | 58,030 | 51,967 | 61,141 | 70,559
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Table 2 The domestic—foreign elevation integrated BIPV applications
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Table 3 The domestic—foreign roof integrated BIPV applications
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Table 4 Production current

state of the domestic-foreign polysilicon companies

Approx. Potential Cumulative
Company Country | cash cost | production capacity
($/kg) | 2014(tonnes) (tonnes)

GCL (fluifised bed reactor,

China 10 1,000 1,000
FBR) (HKEX:3300)
REC Silicon(FBR)

Us 14 15,000 16,000
(Oslo: REC)
DAQO (NYSE: DQ) China 14 6,150 22,150
SunEdison & Samsung

Korea 15 2,000 24,150
JV (FBR)
GCL-Poly (siemens) China 155 65,000 89,150
SunEdison Semiconductor

Us 17 8,500 97,650
(FBR) (NYSE: SEMI)
‘Wacker Nunchritz

Germany | 17 15,000 112,650
(ETR: WCH)
Hemlock Michigan Us 17 32,000 144,650
Tokuyama Malaysia 1 Malaysia | 17 2,000 146,650
TBEA (SH: 600,089) China 18 18,000 164,650
OCI Seoul: 010,060) Korea 18 34,000 198,650
Hanwha Chemical Korea 18 6,500 205,150
Tokuyama Malaysia I Malaysia | 20 3,000 208,150
Wacker Burghausen Germany | 20 37,000 245,150
Renesaia (NYSE SOL) China 20 5,000 250,150
China Silicon China 21 10,000 260,150
ILDK China 23 2,000 262,150
REC Silicon Us 23 3,000 265,150

- 15 -

Collection @ chosun




2. dolx 2 HFAA
EYAY 9 A% F B AATE Soldel wek AXFito]l Al Qe
Ae®e dF A sass Susteiof a7 dited 1a&9 HEAdA7 2
AgslEo] F2 ALgEHI Y
WA Eoke] 73 HEo] HS MHE o, 7= ’\J?ﬂl*éo] i g
= ¢F 15[%] ol ANt Zal 18[%] 7HA =old dwelw, ureb Ao ¢
7] WMEAE I FHoE BE FAZA depls @ BEQ Ao
F7149 ZAES /1A Ja CulnSe(CIS 2 CIGS) EI¥AA] A% &&
176[%]°ll tF @okom CdTe HHEFH A= oF 13[%]¢] && @S &
2 EGFAA] 22 dE % Ve AT oF 0[%] A FEo
AEEstE ST 7F @ds]l HAaE gtk AAA R Ho FRE A
G244 AgE doly Al Longirlts oF 159 ¢S S 43 2 gjo)y An
Fo A T AdFolgta A, darRe] dol¥ AiEHS /HA L e GCL %
Canadian Solar &2F W<l 3JAb= &3 Hof rR<Q) 12[GW] Bl FdA] F2H Q13 A

£ bz A9 @ dgolgn g MM

2
o ol
o

o

e

o,
o
ol
32
fu &
i
do
oo T
2 = L

o 1
o
on
rr

3. H¥3 2E

g 28 AL 7959 A7 AL o w stetatal e FAlolm, 20134
2871 o] F e & Fow "HolAA e Aow FAMHAL HAE REVIHY Azt
= $06/Well =eatglon FubqiAehs of 29[%] Aol AR AYE S gRE A
ow wotsa gtk 2§ 99 o] dmFEHPL Azl ostd 20149 277 o] F

T2 HEF BE VIdE T Tw HER VIdES T Aes EUE

IAbE Y ZRAE U ALY wiE HlTs wEA el vk dA AR
Z

3 gdste] FEUI AFF GFE FFES AY Folw F F, mE AxAEe
A A el HSE Bwd A Ao duHi, 17 103 o] BE 7149
Az Wbl #@ RS g BARoR APH A Ade] ofF FHa)

_16_

Collection @ chosun



4000
1800 2800
2,600
1,200
2000
1500
1200 1200
Y 1000
I I I I I I I ”5

Yingi  WASolar  Trina  Canadian FirstSolar linkoSolar Hamwha SunPower Remesols Kyocera ETSolar  Ching Rlsaninerg/ 52y G PhonoSolar AU StEnergy
Solar SolarOne Sunergy Optronics

Fig. 9 PV system module production capacity of the domestic-foreign companies
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Fig. 10 Manufacturing unit cost of the PV system module companies
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Table 5 The specifications of module

AaR=IRE] HS250ME-V01
Maximum power Pmax (WP) 250
Maximum power voltage Vip (V) 30.05
Maximum power current Tp (A) 8.20
Open circuit voltage Voe (V) 379
Short circuit current Lse (A) 857
156x156 (66 in.)
Cell type / No. of cells Multi-crystalline  silicon/60[cells]
(6x10) matrix)
Module efficiency % 15.62

A U

( I I
e e
=

e Oy S Sy
— ——F

Fig. 14 The PV system
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Fig. 17 Annual power quantity from June 2014 to May 2015
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Table 6 The date of insolation from June 2014 to May 2015

) N Dl 7 8|9 w0 |n|2|®2]3]4)]:

1 949 | 2217 | 914 | 1982 | 1421 | 448 | 487 | 649 | 146 | 972 | 66 1842
2 529 |66 | 19% |59 1134 | 703 | 558 | 408 | 127 | 187 | 1441 | 1907
3 538 | 318 | 513 |3% | 1546 | 143 | 566 | 1043 | 11.68 | 752 | 868 | 34

4 1842 | 997 | 246 | 1914 | 1878 | 1487 | 725 | 964 | 609 | 1756 | 7.38 | 2368
5 1633 | 934 | 1806 | 2027 | 1837 | 1427 | 528 | 703 | 758 | 1592 | 334 | 26&
6 1762 | 367 | 132 | 1556 | 1837 | 11.34 | 1024 | 118 | 1364 | 1601 | 373 | 1703
7 1825 | 827 | 542 | 1973 | 1808 | 1266 | 763 | 1143 | 635 | 17.82 | 1349 | 25HA4
8 1649 | 1413 | 162 | 1962 | 1587 | 414 | 79 966 | 97 1754 | 18& | 2043
9 139 | 797 | 239 | 1425 | 1626 | 12776 | 11.38 | 7.3 14.82 | 1687 | 2017 | 2319
10 | 1686 | 2521 | 1358 | 2213 | 1804 | 1348 | 389 | 11.7 | 11.87 | 2014 | 21.65 | 24.71
11 | 2432 | 205 | 2229 | 1814 | 1782 | 1083 | 643 | 1066 | 972 | 1687 | 2237 | 748
12 | 1321 | 119 | 2203 | 657 | 315 | 77 583 | 1209 | 1274 | 1987 | 11.2 | 2442
13 | 2006 | 13899 | 601 | 2151 | 787 | 611 | 733 | 893 | 1549 | 168 | 551 | 266
14 | 2059 | 2026 | 503 | 1636 | 1563 | 903 | 11.09 | 206 | 1383 | 1744 | 11.62 | 1992
15 | 21.97 | 616 | 1651 | 1543 | 1757 | 769 | 759 | 856 | 1.97 | 1666 | 2148 | 1203
16 | 21.23 | 1306 | 2034 | 1711 | 1484 | 879 | 369 | 173 | 1.07 | 179 | 2079 | 27.05
17 | 11.06 | 346 | 407 | 1409 | 1776 | 8 322 | 127 | 978 | 158 | 2336 | 2107
18 | 219 | 764 | 633 | 1221 | 1701 | 1229 | 1383 | 1033 | 276 | 14 1351 | 663
19 | 2176 | 1346 | 562 | 989 | 145 | 1239 | 0 9 | 1576 | 1775 | 423 | 2345
20 | 1737 | 1928 | 714 | 1634 | 217 | 1202 | O 11.34 | 1362 | 1506 | 216 | 2802
21 | 731 | 2129 | 966 | 2015 | 5 893 |0 131 | 176 | 1819 | 2308 | 27.16
22 | 1401 | 1733 | 1964 | 1829 | 1084 | 816 | O 461 | 107 | 1981 | 21.83 | 2266
23 | 1268 | 1884 | 1848 | 821 | 1477 | 657 | 2 1068 | 1468 | 2206 | 2014 | 1467
24 | 1768 | 1715 | 38 38 | 1533 ] 072 | 651 | 1127 | 1614 | 21.7 | 1948 | 268
25 | 1854 | 2263 | 402 | 1703 | 1544 | 803 | 107 | 504 | 54 | 218 | B2l | 2767
26 | 169 | 1423 | 139 | 1302 | 155 | 863 | 11.23 | 1.55 | 1364 | 21.99 | 2445 | 2819
27 | 2402 | 2401 | 847 | 164 | 1627 | 109 | 1068 | 977 | 1506 | 1497 | 2386 | 265
28 | 266|922 | 583 | 1842 | 1604 | 125 | 629 | 1193 | 54 1506 | 714 | 2453
29 | 1775 | 1939 | 115 | 307 | 88 | 1048 | 764 | 202 1839 | 952 | 2364
30 | 21.38 | 2236 | 1866 | 1247 | 83 168 | 98 | 1046 2009 | 15 11.22
31 2202 | 11.18 1.24 446 | 1427 1.38 2512
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Table 7 The date of power quantity from June 2014 to May 2015

Collection @ chosun

) & Dl 7 8|90 |n |12 |2 2]3]4]:
1 | 203 | 459 | 261 | 575 | 394 | 108 | 168 | 1 | 507 | 319 | 158 | 483
2 | 219 | 150 | 37 | 134|306 | 202 | 51 | 5 | 424 | 578 | 302 | 450
3 | 88 | 63 | 119 | 83 | 420 | 440 | 156 | 244 | 383 | 186 | 245 | 131
4 | 334 | 208 | 68 | 502 | 566 | 487 | 185 | 333 | 187 | 580 | 234 | 615
5 | 361 | 248 | 454 | 520 | 566 | 466 | 31 | 196 | 232 | 511 | 83 | 672
6 | 413 | 78 | 289 | 391 | 565 | 328 | 261 | 409 | 428 | 492 | 94 | 424
7 | 416 | 160 | 123 | 494 | 486 | 435 | 213 | 391 | 160 | 563 | 401 | 628
8 | 374 | 331 | 333 | 514 | 470 | 118 | 311 | 271 | 268 | 521 | 569 | 519
9 | 422 | 165 | 595 | 356 | 471 | 410 | 403 | 224 | 518 | 518 | 516 | 579
10 | 406 | 561 | 396 | 600 | 537 | 442 | 131 | 411 | 326 | 640 | 592 | 580
11 | 549 | 454 | 550 | 528 | 537 | 336 | 169 | 368 | 328 | 589 | 595 | 183
12 | 423 | 220 | 401 | 166 | 79 | 201 | 180 | 422 | 443 [ 621 | 302 [ 645
13 | 483 | 320 | 143 | 574 | 250 | 160 | 134 | 294 | 535 | 63 | 145 | 640
14 | 525 | 480 | 131 | 433 | 497 | 319 | 379 | 50 | 436 | 533 | 313 | 459
15 | 554 | 149 | 386 | 383 | 536 | 215 | 243 | 278 | 45 | 488 | 565 | 282
16 | 514 | 351 | 482 | 457 | 488 | 268 | 168 | 39 | 18 | 48 | 239 | 637
17 | 272 | 69 | 110 | 38 | 554 | 248 | 1 | 456 | 308 | 424 | 630 | 501
18 | 536 | 158 | 150 | 273 | 531 | 321 | 8 | 377 | 67 | 29 | 346 | 178
19 | 471 | 322 | 169 | 301 | 444 | 496 | 83 | 278 | 505 | 449 | 105 | 458
20 | 388 | 451 | 163 | 511 | 36 | 404 | 236 | 407 | 301 | 416 | 59 [ 668
o1 | 168 | 499 | 241 | 573 | 99 | 269 | 273 | 25 | 31 | 510 | 628 | 643
22 | 327 | 363 | 488 | 560 | 317 | 255 | 36 | 194 | 315 | 568 | 566 | 547
93 | 342 | 498 | 401 | 192 | 485 | 182 | 284 | 383 | 460 [ 668 | 478 | 373
o4 | 403 | 423 | 87 | 106 | - | 12 | 217 | 356 | 504 | 646 | 43 [ 623
%5 | 304 | 475 | 101 | 169 | - | 288 | 377 | 133 | 150 | 638 | 646 | 632
% | a6 | 375 | 359 | - | - | 249 | 32 | 50 | 464 | 633 | 617 | 629
97 | 51 | 530 | 204 | 420 | 520 | 291 | 363 | 326 | 451 | 406 | 584 | 621
98 | 534 | 206 | 159 | 519 | 514 | 22 | 176 | 405 | 144 | 413 | 155 | 546
29 | 380 | 437 | 284 | 73 | 264 | 312 | 179 | 18 49 | 200 | 590
30 | 406 | 514 | 517 | 342 | 232 | 37 | 342 | 317 53 | 419 | 287
31 513 | 282 22 179 | 506 3% 605
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