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ABSTRACT

KEYW ORD

In power supply systems for urban areas, issues such as a progressive tax have escalated recently. In this regard, HHX|Z
photovoltaic power generation, which is appraised as an alternative power generation system, is drawing RPSH| &=

attention increasingly for its high stability and applicability to existing infrastructure. This study assessed the
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realistic feasibility of photovoltaic power generation and also analyzed the economic benefits expected when itz M 2M
is linked with green roof, which is likely to promote ecological functions in urban areas, based on the Seoul solar

map, RPS, and actual monitoring data.

The economics analysis of 30kW photovoltaic power generation applied with the monthly average horizontal
solar radiation of six grades in the Seoul solar map showed that positive NPV was up to grade 4, while grade 5

o=

Solar Map

Renewable Energy Portfolio Standard
Green Roof

PV Monitoring

or poorer showed negative NPV and indicated that it is difficult to assure appropriate feasibility. Compared with ~ Economics Analysis
non-afforestation, when green roof was applied, monthly average power improvement efficiency was 7.2% at

highest and 3.7% at lowest based on yearly actual monitoring data. The annual average was 5.3%, and the ACCEPTANCE INFO
efficiency was high relatively in summer, including September and November. As for the economic benefits  Received Nov 29, 2016

expected when 30kw photovoltaic power generation is combined with green roof based on the average Final revision received Dec 30,2016

horizontal solar radiation of grade 1 in the Seoul solar map, SP has improved 0.2 years to 7.4 years, and EP has

improved 0.5 years to 8.3 years.
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Table 1. REC: Renewable Energy Certificate, KPX (July
2015~June 2016) unit: KRW/MWh
2015/month REC 2016/month REC

Jul 92,894.00 Jan 111,000.00
Aug 92,645.00 Feb 166,800.00
Sep 92,445.00 Mar 100,800.00
Oct 91,061.00 Apr 107,570.00
Nov 93,228.00 May 124,220.00
Dec 95,839.00 Jun 119,560.00
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Table 3. Electricity Export Rate, unit: KRW/MWh
2015 Electricity export 2016 Electricity export
month rate month rate
Jul 139,422.99 Jan 166,590.77
Aug 139,056.09 Feb 250,287.62
Sep 138,758.48 Mar 151,287.31
Oct 136,689.84 Apr 161,430.38
Nov 139,936.93 May 186,398.78
Dec 143,853.96 Jun 179,405.31
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Table 4. Daily Horizontal Solar Radiation of “Seoul Solar Map” unit: kWh/m%day

Solar Grade Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Grade 1 2.23 3.23 5.03 5.92 6.85 7.23 6.89 6.50 5.35 3.60 2.37 1.53
Grade 2 1.76 2.66 4.71 5.52 6.50 6.83 6.53 6.11 4.40 3.06 1.87 1.19
Grade 3 1.61 2.38 4.39 5.07 5.97 6.23 6.00 5.58 4.00 2.77 1.67 1.10
Grade 4 1.42 2.04 3.87 447 5.26 543 5.29 4.87 347 2.39 1.40 0.97
Grade 5 1.13 1.50 3.10 3.57 4.19 423 4.23 3.81 2.67 1.81 1.00 0.77
Grade 6 0.47 0.57 1.29 1.48 1.74 1.72 1.76 1.55 1.07 0.71 0.37 0.32
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Figure 1. Experimental and Control Testbed
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Table 5. Measuring Equipment of PV Monitoring System

measuring equipment performance index

20 PV (W/m)

W | Typical sensitivity :
| : 0~ 2000 W/m’

Measuring field:
Spectral range: : 400 nm ~ 1100 nm
| Response time: : 0.5 sec

*| Non linearity : 1 %

Temperature drift: : <+0.15%/°C
Calibration uncertainty: < 3%
Working temperature: : -40°C~ 65°C

Grid connected (uninsulated)

Size: 900mm *x 900mm x 1400mm
.| PV Operating
120~500VDC
PV Maximum input current: 17A
AC Rated operating voltage:
220VAC

AC Rated operating frequency: 60Hz
Working temperature:-20°C~40°C

voltage  range:
Monitoring,
DB capture,
Power meter
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Table 6. Properties of PV System FFu|o] AIHALAE xSt e, @b RIPHAA
PV panel S ZSot Ut 7|4 Z]ed], A 59 AEANE
Type mono-si H|-&-2 A| =27, A A1 -2 <Table 7)1} 2t
Power capacity 30.00kW
Manufacturer Samsung DAYPA B Y
Model LPC 250SM AR WE+JE(Internal Rate of Return), H4F2F
Efficiency 15.6% 3]4=(Simple Payback), A7 22 3]4=(Equity Payback), &= @A
NOCTCO) 45°C 7}x] (Net Present Value) 2 JLE & o] o] F o] At}
Tomperaure cocficient sl 24 WRFAEURR)S & AT (NPVZL 00] s 2
Solar collector area 192m* 18-S ojulshn, ol7| A NE AZIESlo] ZRAE 27| (L
T o nd E9e) UREE, RRS WHAo1E2 bk (4 @)
Slope(®) 300 SGEE2R (5P AT D A7 S ok SRR
— ol olo o Bl4HE A o Belz AEHH, o714 5P
Efficiency 95.0% = deRAR S, O TRAE F Z7|RAHE, IG= FHE T
Capacity 1.0kW W BEEE ngtt 2 AU EF B 4, O,
Miscellaneous losses 3.8% = A 8FHF B Y, Oppe A7 A AR S
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Table 7. Unit cost of proposed model Neer_
components num. | unit cost(KRW) | total cost(KRW) 0= Z ............................................................ @
PV Panel: 250Wp 120 225,000 27,000,000 .
TCS Inverter, 33kW 1 14,300,000 14,300,000 NPV = E G e ®
Connector Band 8CH 1 9,120,000 9,120,000 n=0 (1 +r) "
Labor Expenses - 8,563,246 8,563,246
Monitoring System 1 5,273,200 5,273,200 4. g ?_724 J-ll_
PV Structure - 16,486,484 16,486,484
Wiring Material - 6,350,639 6,350,639 41, —E}HE‘!X]E %:ELHEa 751‘“}5] _E_/_q
IVA - 8,709,357 8.700,357
total cost (IVA incl.) ; ; 95,802,926 MaA ARA L] 671 7 EE HEFANIAE 471 =Y
A B2l A2 20l -85t thEETE EE5HITh
GoMIESe T HoFRAlE ABelAel KAk 20kW SP7}F 10 w|RkQl A 9= 9.6 7}%@ 45B7HARL, 555
2 1399, 6552 29.749-& 71551512, EP7F 10 9t
4) 2016.09 712 EAH A0AEAALSE. KOSIS d%+= 155 8.8"0] fYstirt. EAtAe {5 @
5) WA AHEQ000~2012), B4, ol A AHAAA oo gak old 8 2 9l NPV QRS 35.372.82198 7|29 4527}
e 201 AT, 55348755109, 657533247369 7]

6) F=23 7]Z222]1(2010~2016), http://www.bok. or.kr
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Table 8. Financial Viability of “Seoul Solar Map”” Model

Financial Viability Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6
Internal Rate of Return(%) 9.1 75 59 5.8 1.4 -5.5
Simple Payback(year) 7.6 8.7 9.5 9.6 13.9 29.7
Equity Payback(year) 8.8 10.2 115 11.6 174 >
Net Present Value(KRW) 69,261,651 49,632,016 36,409,136 35,372,871 -4,875,510 -53,324,736
Annual life cycle savings(KRW) 4,235,815 3,035,331 2,226,663 2,163,289 -298,170 -3,261,166
Benefit-Cost ratio 1.72 1.52 1.38 1.37 0.95 0.44
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<Figure 2> Cumulative Cash Flows of “Seoul Solar Map” Model
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Table 10. Financial Viability of Scenarios

Financial Viability Conventional PV Ig‘;:é”g,

Internal Rate of Return( %) 9.1 9.7
Simple Payback(year) 7.6 74
Equity Payback(year) 8.8 8.3

Net Present Value(KRW) 69,261,651 76,948,650

Annual life cycle savings(KRW) 4,235,815 4,705,927
Benefit-Cost ratio 1.72 1.80
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<Figure 3> Maximum and Minimum Value of Electricity Efficiency Improvement between Experimental and Control Testbed

Table 9. Electricity Efficiency Improvement between Experimental and Control Testbed (January ~ December, 2015) unit: %

month Jan Feb Mar Apr | May Jun Jul Aug Sep Oct Nov Dec avg.
electricity efficiency improvement 3.7 4.7 3.6 5.5 52 6.3 6.1 6.4 72 45 6.6 45 53
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