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A Study on Design to Maximize Photovoltaic Power Generation
for Off-grid Research Equipment in Polar Environments
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SUMMARY

. Title
O A Study on Design to Maximize Photovoltaic Power Generation for Off-grid Research

Equipment in Polar Environments

[l. Purpose and Necessity of R&D
O Purpose
- Enhance energy efficiency and sustainability by designing a system to maximize
solar power generation for independent research equipment in remote polar
environments

O Necessity

- To enable the operation of more diverse sensors, increase data collection, and apply
new technologies such as satellite communications, improving energy efficiency
through optimized solar power generation is essential

- To expand polar research areas and enhance the functionality and performance of
research equipment, it is necessary to improve the accuracy of solar power
generation prediction simulations by incorporating the climatic and topographical

characteristics of polar environments

lll. Contents and Extent of R&D
O Analysis of Previous Studies and Environmental Data for Solar Power Generation in
Polar Environments
- Review of previous research on solar power generation for independent research
equipment in polar regions
- Analysis of climatic and topographical data and establishment of field survey
equipment for application in solar power generation prediction simulations
© Design and Simulation for Maximizing Solar Power Generation in Polar
Environments
- Development of a simulation environment for predicting solar power generation
considering the characteristics of the polar environment
- Design for maximizing solar power generation based on the climatic and
topographical characteristics of the research equipment installation sites, along with

power generation prediction simulations.

IV. R&D Results

o Environmental Data Acquisition, Analysis, and Generation for Solar Power Simulation



- Climate variables (direct solar radiation, temperature, and surface albedo) were
collected from the NASA POWER Project, AWS data, and on-site surveys. These
datasets were refined and processed to generate input parameters for solar power
simulation.

- Topographic data (horizon profiles) were obtained either by extracting from fisheye
camera images where field surveys were feasible, or by utilizing high-resolution
DEM data from REMA where field access was not possible.

0 Construction of a Simulation Environment Reflecting Polar Characteristics

- A simulation environment was established that accurately reflects the unique solar
conditions, solar altitude variations, and topography-induced shading effects specific
to high-latitude polar regions.

- This environment serves as a foundation for analyzing and optimizing solar power
generation in such extreme environments.

o System Design for Maximizing Solar Power Generation

- Annual solar power generation was calculated based on variations in the azimuth
and tilt angles of solar panels under various polar site conditions. Optimal panel
orientations for maximizing output were derived.

- Through case studies, design solutions were proposed for standalone solar power

systems capable of year-round operation in polar environments.

V. Application Plans of R&D Results

o Establishing Energy Self-Sufficiency and Continuous Operation for Polar Research
Equipment
- Derived optimal solar-powered energy system designs by considering the power
demand of research equipment, solar power generation capacity, and battery storage
requirements.
o Power System Design for Communication Infrastructure in Polar Summer Camps
- Applicable to the development of temporary communication infrastructure powered
by solar panels and batteries during sun-rich polar summer seasons (e.g., Sky Blu
runway in Antarctica, operated by BAS).
0 Technology Expansion through Polar Green Energy Projects
- Applicable to large-scale integrated renewable systems combining solar, wind,
hydrogen fuel cells, and energy storage systems (e.g., Qinling Station project in

China).
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o IEA-PVPS T13-25:2022(Guidelines for Operation and Maintenance of Photovoltaic Power Plants
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[J ENVRI

o ENVRI+ European Horizon 2020 Project WP3.1(Energy for isolated scientific stations)& &3l =
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[J POLENET PASSCAL
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A% HFY WAGH ] HAEE FH

S e acee -,.,m.m 20 Angle Mount: 2x 80 Watt Solar Panels

Programme

+ 7'x4'x 6 6" deployed
« 7'x 4' x 6" folded for transport
+ 130 Ibs complete

Energy for isolated scientific stations

Acontibuton o hared knowlsde

« Rock or snow deployment

Detailed Drawings

« Angle Mount rev C: Assembly with BOM
* Rock Site Station

Tri-Panel Mount: 3x 80 Watt Solar Panels

« 7'x 4 x 11’ deployed
+ 7'x 4' x 10" folded for transport

Guidelines for Operation
and Maintenance of
Photovoltaic

Power Plants in
Different Climates

+ 150 Ibs complete

« Snow deployment

Detailed Drawings

« Tri-Panel Mount rev C: Assembly with BOM

R Pups T3 252022
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[] NASA POWER Project

Nasa 's" NASA Prediction Of Worldwide Energy Resources DATA ACCESS DOCUMENTATION RESOURCES ABOUT

CONTACT

The POWER Project

Provides solar and meteorological data sets from NASA research for
support of renewable energy, building energy efficiency and
agricultural needs.

Supported by NASA Earth Science’s

POWER’s Web-Based Docs Pages

POWER hosted its 3rd Annual Virtual Global Community (GloCo)
Summit event on November 6th & 7th, 2024 which can be viewed
here. Videos are coming soon! You can view older GloCo event
materials, agendas, and recordings here: 22

POWER Data v10 has been released providing new data parameters
and lower processing latency. The new capabilities are available now
through POWER's Services Suite. For more information in the data
and methodology click here.

NASA Power Project €mjo]X]

© Maps By Tansite 5 Explore SnapEDAS. Sensors | Fee Ful " @ o qas aaes

<
@ Global
Jecatemporal &
Monthly & Annual x v o]
®
Location
e et

Latitude ®
[ 7ass

Longitude

| 16079

Time Extent

2020 v - 202 v

| Al Sky Surface Shortwave Downw...

| Al Sky Surface Albedo

| Temperature at 2 Meters

© Tutorial | Temperature at 2 Meters Maximum
Latitude: -80.20
Longitude: 1

| Temperature at 2 Meters Minimum

NASA Power Project Database

o NASA POWER(Prediction Of Worldwide Energy Resources) Project= NASAZ}
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KEMOS KOPRI Extreme Environment Monitoring System

Home Stations Info PEREE Data Charts Receive Status

About

The Korea Polar Research Institute (KOPRI) conducts research and exploration in the extreme . Polar envi is i for safe research activities by researchers. All data in this KOPRI Extreme Environment Monitoring

System (KEMOS) is raw data and is provided in near real time. If you have any questions about this system or data, please contact Korea Polar Data Center (https://kpdc.koprirekr; dcjoo@kopri.rekr).

Stations
# station name Air Temperature (‘C) Relative Humidity (%) Wind speed (m/s) Wind Direction () Last data time Status/Delay
1 King Sejong Station 05 %8 62 WNW 2025-04-16 13:32:00  just now |
2 Jang Bogo Station 277 67 15 N 2025-04-16 13:32.05 just now |
3 Dasan Station -106 72 16 s 2025-04-16 13:20.00  just now |
4 IBRV Araon 184 72 39 wsw 2025-04-16 13:00:00  just now |
5 Elephant Moraine -529 66 00 N 2025-04-12 07:00:00 4 days ago
6 K-route 110km . - - - 2025-01-01 16:00:00 3 months ago |
7 K-route 2200km - - - - 2024-11-22 02:40:00
8 Styx -300 30 15 NNW 2025-04-16 13:00.00 just now |
° Browning Pass IoET 269 42 00 st 2025-04-16 13:00:00 just now |
10 Cape Washington IoET 255 66 54 s 2025-04-16 13:00:00 just now |
11 Mt. Melbourne IoET 302 22 00 N 2025-04-16 13:00:00 just now |
12 Boomerang Glacier 278 66 16 SE 2025-04-16 12:00:00  just now |

AWS gm0l x|
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o T2M : MERRA-2 Temperature at 2 Meters (°C)

o T2M_MAX : MERRA-2 Temperature at 2 Meters Maximum (TC)

o T2M_MIN : MERRA-2 Temperature at 2 Meters Minimum (C)

o ALLSKY_SRF ALB : CERES SYNldeg All Sky Surface Albedo (dimensionless)

o ALLSKY_SFC_SW_DWN : CERES SYNldeg All Sky Surface Shortwave Downward
Irradiance (KW-hr/m"2/day)



o NASA POWER Project2 %5 3t BHeledal~e 7]F 94 HolH
PARAMETER YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
2020 96 | -13.8 | -237 | -288 | -31.7 | -325| -302 | -30.7 | -30.2 | -264 | -174 -93
2021 95| -159 | -216 | -316 | -329 | -316 | -280 | -31.2 | -29.7 | -242 | -170 | -104
T2M

2022 -10.1 -149 | -223 | -29.7 | -28.1 -29.2 | -31.3 | -321 -320 | -240 | -182 | -111
AVG 97| -149 | -226 | -30.0 | -309 | -311 -298 | -313 | -306 | -249 | -175| -10.3
2020 -2.5 44| -120 | -189 | -212 | -219 | -136 | -168 | -17.0 | -14.8 -8.6 -3.6
2021 -4.0 92| -142 | -204 | -185| -180 | -11.2 | -11.8 | -195| -135 -8.1 -34

T2M_MAX
2022 -4.6 -4.0 57| -175| -147 | -133 | -198 | -134 | -219 | -147 -4.0 -4.5
AVG -3.7 -58 | -106 | -189 | -18.1 -177 | -148 | -140 | -195 | -14.3 -6.9 -3.8
2020 -15.0 | -226 | -349 | -374 | -374 | -422 | -434 | -451 -408 | -36.2 | -27.2 | -16.8
2021 -17.0 | -23.8 | -31.3 | -43.0 | -425 | -421 =377 | -419 | -380 | -31.7| -260 | -17.9

T2M_MIN
2022 -16.2 | -248 | -320 | -380 | -346 | -39.8 | -403 | -40.1 -406 | -35.1 -308 | -17.8
AVG -16.1 238 | -327 | -395| -382 | -414 | -405 | -424 | -398 | -343 | -280 | -175
2020 0.70 0.68 0.60 0.48 0.23 0.45 0.61 0.66 0.68 0.70
2021 0.70 0.66 0.62 0.45 0.17 042 0.59 0.64 0.68 0.70

ALLSKY_SRF_ALB

2022 0.71 0.66 0.60 0.48 0.22 0.45 0.52 0.65 0.68 0.71
AVG 0.70 0.67 0.61 0.47 0.21 0.44 0.57 0.65 0.68 0.70
2020 9.04 5.51 2.11 0.34 0.00 0.00 0.00 0.10 1.36 443 837 | 10.24
ALLSKY SEC SW DW 2021 8.97 5.60 2.19 0.31 0.00 0.00 0.00 0.10 1.29 4.49 8.15 | 10.26
N 2022 8.96 5.66 2.33 0.33 0.00 0.00 0.00 0.1 1.32 417 8.04 | 10.23
AVG 8.99 5.59 2.21 0.33 0.00 0.00 0.00 0.10 1.32 4.36 8.19 | 10.24




o AWSEHE 3 Heppdafze] 7§ 24 Holy
PARAMETER YEAR | JAN FEB MAR | APR | MAY | JUN | JUL AUG | SEP OCT | NOV | DEC
T2M 2024 -4.8 94| -176 | -204 | -26.1 | -235 | -276 | -282 | -186 | -206 | -11.8 -54
T2M_MAX 2024 2.3 0.2 -6.7 | -106 | -126 -8.7 | -11.1 -84 -8.1 | -124 -1.9 2.8
T2M_MIN 2024 | -251 | -21.7 | -328 | -348 | -40.8 | -44.2 | -488 -343 | -368 | -31.7 | -23.0

Brouning pass on Jancary, 2023

AN—

xir Temperataze (‘C)

RRPS———

ONE—

xir Temperature ('0)

Brouning pass on October, 2023

 Browning

Passon November, 2023

N ? : N
2\ AN ;
o HolE HAZE T AlEo]Ae] WS A AP Rgedua 71F 84
tl o] H
PARAMETER YEAR | JAN | FEB | MAR | APR | MAY | JUN | JuL | AUG | SEP | ocT | Nov | DEC
T2M SIM | -48| 94| -176 | -204 | 261 | -235 | 276 | -282 | -186 | -206 | -11.8 | -54
T2M_MAX siM | 23| 02| -67|-106| -126| -87| -111| -84| -81| -124| -19| 28
T2M_MIN SIM | 251 | -21.7 | -32.8 | -348 | -40.8 | -442 | -488 | -482 | -343 | -368 | -31.7 | -230
ALLSKY SRFALB | SIM | 070 | 067 | 061 | 059| 059 | 059 | 059| 044 | 057| 065| 068| 070
ALLSKY SFC SWDW 1 gim | 899 | 559 | 221| 033 | 000| 000| 000| 010 | 132| 436| 819 1024




o NASA POWER ProjectZ2FH %3 vfSERHI] o EHENIAES] 7|& Q4
ol o] E
PARAMETER YEAR | JAN | FEB | MAR | APR | MAY | JUN | JuL | AUG | SEP | ocT | Nov | DEC
2020 | 41| 72| 159 | 234 | 271 | 272 | -251 | -249 | 250 | 202 | -115| -4
2021 | 39| -86| -147| -266 | -274 | -263 | -229 | -27.1 | -244 | -186 | -113| -50
oM 2022 | 44| 81| 159 | 243 | -225| -244 | -258 | -27.0 | 264 | -183 | -128| -59
AVG | 41| -79| -155| -248| -257| 260 | -246 | -263 | -253 | -190 | -119| -50
2020 | 05| -04| 57| 143 -159| -170| -102 | -11.7 | -124| -97| 36| 04
2021 | 00| -34| 81| -150| -124| -131| -66| -49| -136| -82| -35| -0
T2M_MAX
2022 | 03| 03| 15| -116| 93| 95| -126| -80| -154| -91| -13| -08
AVG | 03| -12| 51| -136| -125| -132| -98| -82| -138| -90| -28| -02
2020 | -83| -140| -266 | 321 | -331| -36.1 | -37.8 | -400 | -332 | -304 | -223 | -11.1
2021 | -91| -145| -244 | 378 | -360 | -366 | -33.1| -369 | -338| -263 | -213 | -11.0
T2M_MIN
2022 | 97| 156 | -256 | 335 | -297 | -340 | -343 | -362 | -352 | -296 | -253 | -115
AVG | 90| -147 | -255| -345| -329 | -355 | -35.1 | -37.7 | -340 | -288 | -229 | -11.2
2020 | 029 | 024| 034| 044 | 020 042 | 070| 062| 054 040
2021 | 026| 020| 040 | 045| 0.19 041 | 062 061| 060 041
ALLSKY_SRF_ALB
2022 | 031| 022| 035| 041 014 041 | 059 063| 062 059
AVG | 029| 022| 036| 043| 0.18 041 | 064 062| 059| 047
2020 | 652| 363| 156| 033| 000| 000| 000| 010| 150| 433| 7.50| 843
ALLSKY SFC sw Dw | 2021 | 650 | 363 | 159| 030| 000| 000| 000| 011 133| 4d6| 753 | 873
N 2022 | 661 | 357| 174| 032| 000| 000| 000| 011| 136| 415| 7.51| 9.25
AVG | 654| 361| 163| 032| 000| 000| 000| 011 | 140| 431| 751 | 880
o HolE AAHE T AlEHo|Hol WS fla AT vtrEEY 7|$ 94 HoE
PARAMETER YEAR | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
T2M SIM | -230 | -268 | -344 | -43.7 | -446 | -449 | -435 | -452 | -442 | -37.9 | -30.8 | -23.9
T2M_MAX SIM | -186 | -20.1 | -240 | 325 | -314 | 321 | 287 | 271 | 327 | 279 | 217 | -19.1
T2M_MIN SIM | -27.9 | -33.6 | -444 | 534 | 518 | 544 | 540 | 566 | -529 | -47.7 | -41.8 | -30.1
ALLSKY SRFALB | SM | 029 | 022| 036| 050| 050| 050| 050| 050 | 064| 062| 059| 047
ALLSKY SEC SWDW | M | 654 | 361| 163 | 032| 000| 000| 000| 011| 140| 431| 751| 880
o "ol AAHYE Tl AlEdolde] WS $3] A AdEUESERIE V]S 84
tl o] H
PARAMETER YEAR | JAN | FEB | MAR | APR | MAY | JUN | JuL | AUG | SEP | ocT | Nov | DEC
T2M SIM | 41| 79| -155| 248 | -257| 260 | 246 | 263 | -253 | -190 | -11.9| -50
T2M_MAX siM | 03| -12| -51|-136| -125| -132| -98| -82| -138| 90| -28| -02
T2M_MIN SIM | 90| -147 | -255| -345| -329 | -355 | -35.1 | 377 | 340 | -288 | -229 | -1122
ALLSKY_SRFALB | SIM | 029 | 022| 036| 050| 050| 050| 050| 050 | 064| 062| 059| 047
ALLSKY SFC SWDW 1 im | 654 | 361| 163 | 032| 000| 000| 000| 011 140| 431| 751| 880

_‘IO_




o NASA POWER Project=5-H +3g Aoz dee] 7|5 84 tlolH
PARAMETER YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NOV DEC
2020 -3.1 59| -144 | -223 | -260 | -260 | -242 | -241 | -241| -189 | -105 -3.3
2021 -3.0 -7.0 | -134 | -255 | -26.2 | -254 | -221 | -263 | -233| -175| -103 -4.1
TeM 2022 -34 -6.6 | -145| -232 | -216 | -235 | -248 | -259 | -252 | -174 | -11.8 -5.0
AVG -3.2 -6.5 | -141 | -23.7 | -246 | -250 | -23.7 | -254 | -242 | -179 | -10.8 -4.1
2020 0.2 0.1 -49 | -150 | -152 | -156 | -105 | -11.2 | -12.7 -8.5 -3.0 0.5
2021 0.8 -2.4 =70 | -146 | -114 | 127 -7.2 43 | -13.2 -7.5 -2.5 04
T2M_MAX
2022 0.8 0.7 -15 | -11.2 -8.9 -89 | -121 -79 | -145 -7.8 -0.9 -0.3
AVG 0.6 -0.5 44| -136 | -119 | -124 -9.9 -7.8 | -135 -7.9 -2.1 0.2
2020 -66 | -116 | -248 | -298 | -31.3 | -341 | -358 | -381 | -319 | -284 | -20.0 -9.6
2021 71| <121 | =231 | -36.1 | -342 | -347 | -31.7 | -35.2 | -322 | -249 | -199 -9.8
T2M_MIN
2022 -76 | -134 | -238 | -316 | -286 | -326 | -325 | -347 | -340 | -278 | -23.6 -9.6
AVG 71| <124 | -239 | -325| -314 | -33.8 | -333 | -36.0 | -327 | -270 | -21.2 -9.7
2020 0.29 0.24 0.34 0.44 0.20 042 0.70 0.62 0.54 0.40
2021 0.26 0.20 0.40 0.45 0.19 0.41 0.62 0.61 0.60 0.41
ALLSKY_SRF_ALB
2022 0.31 0.22 0.35 0.41 0.14 0.41 0.59 0.63 0.62 0.59
AVG 0.29 0.22 0.36 043 0.18 0.41 0.64 0.62 0.59 0.47
2020 6.52 3.63 1.56 0.33 0.00 0.00 0.00 0.10 1.50 433 7.50 8.43
ALLSKY SEC SW DW 2021 6.50 3.63 1.59 0.30 0.00 0.00 0.00 0.11 1.33 4.46 7.53 8.73
N 2022 6.61 3.57 1.74 0.32 0.00 0.00 0.00 0.11 1.36 415 7.51 9.25
AVG 6.54 3.61 1.63 0.32 0.00 0.00 0.00 0.11 1.40 4.31 7.51 8.80
o AWSEHE TR AolZgidde] 7|5 a4 foly
PARAMETER YEAR | JAN FEB MAR | APR MAY | JUN JUL AUG SEP OCT NOV | DEC
T2M 2024 | -37| -89 -159| -203| -220 | -213 | -20.3 | -19.2 | -214 -3.6
T2M_MAX 2024 10| -18| -87| -106| -84| -105| -11.1| -98| -69 1.9
T2M_MIN 2024 -78 | -169 | -235 | -29.1 | -293 | -321 | -306 | -326 | -29.6 -8.5
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o HolE HAHZE T AlEwo|He] WS fd AT AoZAANHE 71F 8
ol o] E

PARAMETER YEAR | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
T2M SIM | 32| -65| -141| 237 | -246| 250 | 237 | 254 | 242 | -17.9 | -108 | -4.1
T2M_MAX SIM | 06| 05| -44| -136| -119| -124| -99| 78| -135| 79| -21| o2
T2M_MIN SIM | 71| -124 | -239 | -325| -314| -338 | -333 | -360 | 327 | 270 | 212| -97
ALLSKY SRFALB | SIM | 029 | 022| 036| 050| 050| 050| 050| 050 | 0.64| 062| 059| 047
ALLSKY SEC SWDW | 'gim | 654 | 361 | 163 | 032 000| 000| 000| 011 | 140| 431| 751| 880

_12_




[ ] REMA
o REMA (Reference Elevation Model of Antarctica):= Polar Geospatial Center’} 4] o]
Hol AztE P diFY At E 1k ARE T3 JF AY 1% ZA(DEM).
AE FAlA AR 2 AxdA 299 ojnA S &8 F3t v AASE
o7 1-Z YA
—————— e Wlla s e

Driven to Discover

DATA + SERVICES COMMUNITY WEB APPS GUIDES

A A y

ArcticDEM EarthDEM

REMA

The Reference Elevation Model of Antarctica (REMA) is a high
resolution, time-stamped Digital Surface Model (DSM) of Antarctica at
2-meter spatial resolution.

REMA < o] x]

(] dx=x=AF dolH
o Bl%F AANA wHH o =0 A& QA WS Shade Measurement ToolS
F&3te] W zbol] whel £ A doly QdF =5 o B v & E9E

A
are e

o 53] SA¢ £ uE A9 FAH R BFaLETE vtobd FH A o) =
59 EHF AAM, AFF dF ABHoAY AL S A AFHAE vrEA
w1 et As.

Elevation vs. Azimuth

Elevation (degrees)

90 135 80 225 270
. Azimuth {degrees)
u Configure Elevation Table
SunEye 2109] 83t S8 o



Hello Hyoungkwan,

Unfortunately the SunEye 210 is unable to operate above the Artic Circle. Much effort went into
developing this capacity, but this was ultimately unsuccessful.

| checked Solar Pathfinder, but they also stop at 65° latitude.

| have seen pole-mount arrays that use a full-circle of vertical modules for research stations; it
may be possible to find historical data from a similar array (or any far-North array) to use for
design purposes.

Thank you & best regards,
Tom

Tom Danaher
Solmetric Technical Support
707-823-4600, option 1 (support)

SolmetricAte] 7]& ZAE 3]Al

o #AHFZxAt 83l 1L W Shade Measurement Tool?l SunEye(Solmetric) 7}
SA A AEo] BEVFse Ao® FRlF o], ofqtal= JivetE &8t A A=
At AFHE EFI A

A& dolHE AAstdon, A=At
E 283l Global

o] 4% REMA HlolEHZ
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o -
Fle Edt View Took Search GPS Help

1,500m

Left click to add points, right click to fiish. > Helght = 668.385 meters (14_35_10m_v2.0_demif

-
B Path Profile/Line of Sight
File Options Calculate

From Pos: 459083279, -1641388.225

375m

25mi 50mi 75mi 10.0 mi 125 mi 150mi 1767 mi

Line of Sight... | Cut-andFil Valumes... | Hep | ok |

REMAH|oIE S &&F A4
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o #&xAlel REMAH CIHE Sa A43 A7A9d AFA deoly

FEEYIPS DIeEBH AolZ Y E R
azimuth(deg) elevation(deg) elevation(deg) elevation(deg) elevation(deg)
O(North) 39 0.0 5.9 2.6
10 48 0.0 74 2.1
20 29 0.0 7.5 2.8
30 19 0.0 7.8 1.6
40 19 0.0 6.4 0.0
50 35 0.0 6.3 0.0
60 7.7 0.0 5.8 0.0
70 8.2 0.0 7.1 0.0
80 1.8 0.0 8.7 0.0
90(East) 15.9 0.2 11.1 0.0
100 13.8 6.4 124 0.0
110 12.3 104 134 0.0
120 114 123 135 2.0
130 14.9 15.1 16.2 1.6
140 12.0 194 18.0 0.0
150 9.7 21.7 194 0.0
160 9.0 223 17.6 1.4
170 6.7 24.1 11.9 45
180(South) 5.4 25.2 7.5 8.2
190 20 254 1.9 11.0
200 0.2 25.1 0.0 13.6
210 0.2 22.9 0.0 164
220 0.3 20.2 0.0 21.0
230 0.1 17.5 0.0 21.7
240 0.1 14.0 0.0 20.8
250 0.0 10.6 0.0 179
260 0.0 6.2 0.8 13.2
270(West) 0.2 2.8 0.6 9.8
280 16 0.0 0.9 6.5
290 17 0.0 14 6.9
300 17 0.0 17 49
310 1.0 0.0 15 2.8
320 0.9 0.0 2.2 2.0
330 14 0.0 2.6 17
340 0.4 0.0 0.9 1.1
350 24 0.0 38 2.1
360 39 0.0 5.9 2.6

_16_




o mheEwMe] AFA A

r';; xl i

L4}

HEd ==

0

%34 HOIE Bl E
iz | aEz |
90 !
1 ] 25.20
2 2540
3 -160.00' 25.10
4 -150.00 22.90
60
5 -140.00 20.20
6 -130.00 17.50
i =11y
7 -120.00 14.00
8 -110.00' 10.60
30
9 -100.00 6.20!
10 -90.00 2.80
[XE =71 0.00 0.00
-180 -90 0 90 180
B2z [Z91E =4 4H]
= ME == = = i il
oz
= 0.00
St X ¥ FECENEER J 22
A AR el
SAl
o E Wl o J & =2k A
UhEWH XgHd A7 AMEAR QIE mo]A
o) EH < _q] ]r A A
o H ‘ZL]—TI/O] — A é vl EZ(‘D‘I
¥ Rgy 2 —
£3M HOIE I | =
ez Az
a0
1 540
2 -170.00 2.00
3 -160.00 0.20
4 -150.00 0.20
60
5 -140.00 0.30
6 -130.00 010
L)
7 -120.00 0.10
8 -110.00 0.00
30
9 -100.00 0.00
1n -90.00 0.20
= A3 =71 0.00 0.00
-180 -90 0 90 180
ez [Z9/= =22 AtF]
e HE S% % oE Tt 000
Loz
2H 0.00
oip] % v 0| HE / 36
X ArTH 10|
ER FH A el

walo A AWM AA AFRAL QlEH o] A

_‘|7_




90

i

¥ NE 2 -~
+B 4 EojE Tl ES
B z |
? 7.50 I

1.90

-160.00 0.00

-110.00 0.00

-100.00 0.80

-80.00 0.60

-80.00 090

-70.00/ 40

-60.00 70

-50.00 1.50
0.00 0.00 =7}

180
o == o= e oo
=5 0.00 AR
sl M EOIE HS /32
E3Y 2ol SES
Aol d™ A1 24 AREAE IEfm o] A
o o= L
P

o

-180

L=
i

SHA|

=S4

A= HOE HE /29

-160.00

-150.00'

-140.00'

-130.00

-120.00

-110.00

-100.00'

-00.00

20.80

17.90

13.20

9.80

r
i

0.00

ot
re

0.00 =7t

0.00

0.00 AF

_18_

~ZQ1E A|HAM A4 AREAR QIEm o] A




o HIF THHF dFS g AlEHH AZEYARE SolarProg 7433+
SolarPro+= t& AlE# ol AZES |t Hluste] 3D A 7]s& S Ad 2
TFxEo BE A A2 WA IF ke, ol BFe] Wl W AA sd e
Azl ks vdetAl Aok st A Aol A wme Jugk 59
WAL Al EH ol )T 2ol smoll o3t whabg FaFo] F A g B

B oS ug

High accuracy simulation sdf}v&i&re,
acknowledge by the world. "
- P

Full-scale simulation software = —

SBIRC Pro wibch WY Bt Full-seale.simultion sofeware, relcased 11997 [Erealizer~me s
highly accurate calculation of generated power by integrating instantancous values thic~ 4% 379 L -
e Zid
AL T
Ti‘uu |||||I|

“take into account the effects of solar radiation and shadows on each module.

Cutting-edge technology recognized worldwide ~

erman.
photovoltaic power generation magazine "PHOTON", and has been continuously mproved

~since dhen.Sincechen, Solar Pro has been widely sed around the word.

Contribution to the spread of solar power generatio;
Solar Pro's high technology and contribution to the spread of solar power generation have

highly praieed by many pubiic institatibus In 2008} won the Koo Smilhan GGt | 1 11 {
d has also been selected as a Small and Mediamu8
Enm;i,iﬂ;: Creative Activity Promotion Act. ¢ certified project and Oscar certified company.

~
In 2001, it was introduced as the most advanced simulation software

iy ettt

ise Excellent Technology Awa

S e

s

Simple drawing functions Precise simulation considering

for complex system designs  the influence of shadows

LT,

er generated by th

tem will drop significantly.

lar Pro perfo e simulations by taking into

count the effects of shading on a module-by-module

icated location.

Az wE Az R BAY BAS F
0% oA wlse] Hujs ¥ AL
e BEYG] A oF 0% P4
dulshel HEo 2R Yol zke] Woj e
Fod 5 AU
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Reflected light simulation
to prevent light pollution

time of day to
ffects the

3D simulation of bifacial
module

duced in 3D, allowing
cluding the f reflected
light from reflective objects and the ground on power
generation when us addition,
multiple reflections of reflected light (specular reflection)
can be reprodu mulation of up to two

levels of reflected light from the ground, walls, etc.

1o} A& 7oz sdel Wzt

YotRA . Ao A F5 uFe] A o
A 4 A5, olel wha] Fr 7] A9

W ol At Hloem, Mo At

wE A et dgEoen Fe AL



TOP = North, R = tilt Angle(deg)

10W Tdo] A7t WRHAI Y 17|A], A|RUALE 0.8 K8)

TOP = North, R = tilt Angle(deg)

10W mdo] A7F WHA L, AIWVALE 02 HR)
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Battery Voltage(V)
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Battery Power(Wh) / SOC(%)
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15 Battery Voltage(V)
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o AF A HE slste] HAAA e wiEE 3= FAsAeH, dF HA SOC
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dEHEE BFAA §FS 45 THs

4 AA(105Wh, 44 52 + SBOTTWh, A3+ @ 5% 54
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Battery Voltage(V)
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Solar Controller State(1=ON, 0=0OFF)
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