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Economic Analysis of Rural Green-Village Planning
with Solar Energy considering Climate Change

Kim, Dae-Sik + Wang, Young-Doo’
Dept. of Agri. Eng., College of Agri. & Life Sciences, Chungnam Nat'l Univ. -
“Center for Energy & Environmental Policy, University of Delaware, USA

ABSTRACT : This study aims to perform the economic analysis to the use of solar power facilities in rural villages considering the
climate change scenario. IPCC climate change scenarios in the recently adopted the RCP scenarios (RCP8.5, RCP6.5, RCP4.5,
RCP2.6) was used. By RCP scenarios, solar radiation, depending on the scenario in 2100, respectively, 3.6%, 2.5%, 1.9%, 1.1% was
assumed to increase. From the economic analysis(payback period is 25 year) on 8 points of each province, in all cases of normal
data and four RCP scenarios, at all points analyzed were NPV indicate a negative, BC ratio less than 1.0, respectively. In the case
of Mokpo, Chunnam RCP8.5, BC ratio were found to be up to a 0.92, followed by 0.89 in the case of RCP8.5 in lJinju,
Kyungnam shows, while the minimum was in Jeju. BC ratio is 1.0 or bigger, in order for the normal solar radiation data in
Mokpo, Chonnam was the minimum that it takes 37 years. Similarly, in the case of RCP scenarios, 30 years in Mokpo, Chonnam
RCP8.5 and 31 years in the cases of Jinju, Kyungnam and Jeonju, Cheonbuk RCP8.5 were analyzed. It was analyzed that RCP8.5
has the highest value. BC analysis models for each of the factors, the results of the sensitivity analysis, the initial installation costs,
electricity sales price, discount rate in the order of economy showed higher sensitivity, and the rest factors showed lower changes.
Although there are some differences of solar radiation by region, but in Korea most facilities in rural areas, the use of solar power
was considered to be economical enough, considering change of several factors with high sensitivity, such as increasing of
government subsidies for the solar power installation of the facility, rising oil prices due to a rise in electricity sales price, and a
change in discount rate. In particular, when considering climate change scenarios, the use of solar energy for rural areas of the

judgment that there was more economical.
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Figure 1 Change of CO, Concentration for
each RCP scenario.
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Table 1 Specifications of solar photovoltaic(PV) module
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Rate of Return, IRR), ¥2}/H]-8&(Benefit/Cost, BC) Hl& &
A 3)47]7K(Payback Period), FAF o A7H]E(SIR), 7+
7VdZ (Depreciation), W75 -2(Sensitivity Analysis) 2
Aol v]&(Life Cycle Cost) 5°] JTHOITZ 2004).
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Item Value
type of PV module poly-Si
System absorption rate of solar energy in transmission o
network 95.0%
efficiency of nominal PV module 11.0%
temperature coefficient of PV 0.40%/C
PV module loss rate of PV array 5.0%
power of PV array 3.0kWp
area of PV system 27.3m’
mean efficiency of inverter 90%
Electric power control capacity of inverter 2.7kW(AC)
loss rate of power control 5%
PV array se.tting .slop.e angle 30° :
setting direction angle 0°(south-facing)
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Table 2 Input data for economic analysis
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Table 3 Solar radiationa of slope surface in average value for 20 years until 2010

able 52 AEE E Ao ENUde

0= 48 A A A (kWh/m?/day)”
k| 19 | 29 | 3¢9 | 4€ | 59 | 6¥ | 7€ | 8¥ | 9o¥ |[10€ | 11€¥ | 12€ |HF
qd F=4d 381 | 414 | 435 | 477 | 5.07 | 5.02 | 404 | 427 | 418 | 404 | 344 | 345 | 3.98
A X5 469 | 473 | 474 | 507 | 519 | 467 | 430 | 435 | 4.19 | 484 | 450 | 4.67 | 4.40
AE T 3.93 | 421 | 439 | 487 | 517 | 480 | 4.06 | 4.14 | 4.10 | 431 | 3.86 | 3.85 | 4.07
g 53 379 | 429 | 464 | 5.17 | 535 | 492 | 452 | 489 | 453 | 487 | 4.10 | 3.61 | 4.31
AE HAF 354 | 382 | 415 | 474 | 494 | 461 | 395 | 404 | 400 | 429 | 3.58 | 3.34 | 3.87
AF AT 205 | 3.00 | 3.81 | 470 | 5.0 | 471 | 492 | 4.65 | 408 | 420 | 323 | 228 |3.72
=9 A4t 404 | 446 | 4.62 | 5.03 | 531 | 5.00 | 4.06 | 440 | 443 | 460 | 3.76 | 3.67 | 4.20
=5 AT 3.88 | 425 | 431 | 483 | 5.6 | 4.83 | 405 | 4.18 | 4.13 | 432 | 3.63 | 3.52 | 4.03
3 372 | 411 | 438 | 490 | 5.16 | 4.82 | 424 | 437 | 421 | 443 | 3.76 | 3.55 | 4.07
* 7144, http://www.kma.go.kr/
Table 4 Generation efficiency of PV system in each region at 2009*
=
T B B
Al e FEE 5 A A5 A Al
A & -8(%) 13.09 15.31 13.84 17.17 15.94 13.13 15.25 13.38 14.64
* A FEH2010), ** 7Y, 4, AR %S FAAS
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Table 5 Annual energy consumption of sample households in rural area at 2010
= FEAHTAY) AA 28 FHKWh)
2 e
3 =5 St A& A AE %A
. Mg 2953.21 2932.64 3133.47 2978.54 2953.56 3030.73 2930.20 2,987.48
e
o] 0.99 0.98 1.05 1.00 0.99 1.01 0.98 1.00
* AR FA AR, 2011 oAl FEA BAA, p.567, 2011, (kcalg kWh=Z T9|&Hih)
Table 6 Results of electric power generation
5 48 2 FHKkWh) i
gl A /
A4 19 | 29 | 3¢ | 42 | s¥ | 6d | 72 | 8¥ | 9% | 10¥ | ¥ | 12 o] e
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A 160529 | 551.38 | 611.75 | 633.23 | 669.83 | 583.27 | 554.96 | 561.41 | 523.32 | 624.65 | 562.04 | 602.71 | 7083.85 221
745 G | 436.70 | 422.54 | 487.81 | 523.69 | 574.49 | 516.17 | 451.14 | 460.03 | 440.89 | 478.92 | 415.08 | 427.81 | 5635.28 1.72
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Bt 462.47 | 461.33 | 543.16 | 587.88 | 639.43 | 577.34 | 524.36 | 540.93 | 504.62 | 551.13 | 452.68 | 441.38 | 6286.71 -
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Table 7 Electric power generation and annual increase power of RCP scenarios

= A FHewh) Ayl |zt S7HH(kWh)
RCPS8.5 RCP6.5 RCP4.5 RCP2.6
A 5074.61 6.89 6.22 5.85 5.36
g A5 6478.56 9.56 8.69 8.22 7.59
AR AT 5198.59 7.11 6.42 6.04 5.54
A 5= 6727.60 8.58 7.69 7.21 6.57
AL A 6472.70 8.51 7.66 7.19 6.57
Al Al 4965.39 4.66 4.02 3.68 321
5 Ak 6260.83 8.53 7.70 7.25 6.65
=5 AT 5415.62 7.40 6.68 6.29 5.77
AR EA S A=A 2 vAHET, BE 9ol oA AAAde] we A
o=

4, ZHd 2 2ot

2 @k @)l 2k BAI38
UERRT. 31717t 2598 7] =43 A, Bd
B 47HA] RCP AluE| Lo BE Aol flefA, w4
& EE AHAM NPV wRIUAE UERSIOH,
BCys Hl= 1.0 °JskE YERITE Ty T FAE
A F320) A5 RCP8.59| 739l BCs7h 0.922 HTH
fhe UEpiRlon, O oo ® A FolA] RCP8.S
o 7ol 0895 WeRd wbd, AFANAE Haghs
UERHSITE ol 25E =] BAYE B4 A=l 1

A1 A3} Table 83 29|
oz

fn ey Ao

2

$HH Table 9%} Figure 29014 X= nHie} o] ZF Ay
geo thE AAld 249 A3E E 4 et BC
HI7F 1.0 oPo] e At Wd YA A5l dist
of A ExoA 37do] AEle ZoE HAHES KA
o 1283l RCP AU 9] Agee mRVIAZE 2d
5o A RCP8.5Y] 7ol 301do], A F9} A& &
FollA RCP8.59] -7l 31'do] Zel= Zlog Ay
Atk WA © 2 RCP8.57F tHE Alue] ol Blste]
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Table 8 Results of economic analysis for electric power generation with RCP scenarios

= ERe Scenario(1,000 Won)

R = Normal RCPS8.5 RCP6.5 RCP4.5 RCP2.6
el = NPV"5s -9056.75 -7786.10 -7940.56 -8024.81 -8137.15
o e BC™s 0.64 0.69 0.69 0.68 0.68
A = NPV>s -4517.58 -2719.52 -2918.59 -3027.17 -3171.94
oo WUT

BC:s 0.82 0.89 0.89 0.88 0.88
An o= NPV>s -8655.93 -7342.82 -7501.17 -7587.55 -7702.72
o= o

BCos 0.66 0.71 0.71 0.70 0.70
P NPV>s -3712.38 -2155.62 -2359.04 -2470.00 -2617.94

BC:s 0.85 0.92 0.91 0.90 0.90

o oy NPV>s -4536.51 -2979.20 -3175.55 -3282.64 -3425.44
AR AF

BCos 0.82 0.88 0.88 0.87 0.87
- NPV>s -9409.89 -8645.25 -8791.30 -8870.97 -8977.19

T BC:s 0.63 0.66 0.65 0.65 0.65
s g NPV>s -5221.51 -3646.64 -3837.28 -3941.27 -4079.93
o= i/?_]_'

BCos 0.79 0.86 0.85 0.85 0.84
PR NPV>s -7954.23 -6587.55 -6752.51 -6842.49 -6962.45
o e BCss 0.69 0.74 0.73 0.73 0.73

* NPVys: 3157178 254 =9 Net Present Value, BCys: 3]47]7F 25 =9QF Benefit/Cost H]
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Figure 2 The results of economic analysis
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Figure 3 Sensitivity analysis for six scenarios.
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