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A Study on Economic Analysis of Rural Green-village Planning using Solar Energy
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|. INTRODUCTION

Increase of fossil energy consumption and greenhouse
effect of COs have been important issues that all nations
in the world should take cooperation to decrease the
amount of COs. Such effort has led to develop new and
renewable energy which can substitute fossil energy.
The energy consumption in rural area of Korea has been
increased continuously due to variable factors such as
increasing life quality, using electronic products, and ex-
panding new heating system with more electricity energy.
Korean government established the support policies for
application of new and renewable energy until 2012.
Particularly in Korean rural areas, the local government
not only made a policy foundation which enable the
green-village planning project to be expanded the main
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policy planning project through local energy projects, but
also established a plan to construct 100 green-villages
until 2012 (MAF, 2007).

Solar energy is the most useful resource that can be
applied to rural green-village planning without using fossil
energy. Thus for new policy promoting application of new
and renewable energy, economical analysis to application
of solar energy should be analyzed in viewpoint of
recycling resources on rural areas. The green-village
means that can generate the total amount of energy used
in the village by using new and renewable energy. As
one of the several case villages in Korea, Dongkwang
village, which located on Jeju island, has 57 houses with
total 143 kW of photovoltaic (PV) capacity by solar energy.
The village is the first case village using solar energy in
Korea constructed at November 2004 by subsidy of the
government. The 57 houses' solar electricity systems
generate 166,000 kW/yr which can substitute 76 % of
total used energy in the village. As another case on
using solar energy, the 111 houses' systems in Kwangju
city, which located on south-west area of Korea, have
generated 150 kW of electricity and 15,0001 of warm
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water, respectively, established by subsidy of the govern-
ment and “Solar City” project of Kwangju city. There
are also several more cases using solar energy such as
Jecheon city and Woolju county for village unit constructed
at 2007.

In various research aspects, the green-village planning
for remodeling villages in Korea should be studied on
several important factors such as resolving energy problem
in rural areas, decreasing greenhouse effect with COs,
recycling resources, conserving ecosystem, and economical
revenue. Ju et al (2006) investigated a long-term thermal
performance of active solar hot water heating system for
the dormitory of university. Lee and Kang (2006) studied
on the analysis of long-term performance characteristics
of various solar thermal system for heating protected
horticulture system for reducing heating cost, increasing
the value of product by environment control, and developing
advanced culture technology by deploying solar thermal
system. Kim et al. (2007) studied on payback period of
solar power generation systems. Choi, et al. (2009)
analyzed variation of NPV on 25 years of payback period.
Nam and Kim (2007, 2008) studied energy amount used
in rural villages and analyzed energy potential in the
villages using solar energy. This study is focused on
analyzing the energy balance in economical aspect, in
order to accomplish multi purposes of rural remodeling
policy, including environmental- friendly village planning,
following the global trend of using new and renewable
energy in world nations.

|I. RESEARCH METHOD AND THEORETICAL
FRAMEWORK

The present study used the surveyed data in the
existing study (Nam and Kim 2007, 2008) on the three
Korean traditional villages with about 100 houses about
energy type which they are using for heating, cooking,
and so on. Besides, this study analyzed energy potential
on solar energy considering weather condition in the
village and also estimated the total energy amount used
in the village. As shown in Fig. 1, this paper analyzed
benefit/cost (B/C) ratio through net present value (NPV)
with various economical and environmental variables.
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Table 1 Specification of solar photovoltaic (PV) module*

ltem value
type of solar radiation poly-Si
system absorption rate of solar energy
in transmission network HO%
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 3.0 kWp
area of PV system 27.3m’
efficiency of mean invert 90 %
electricity control invert capacity 2.7kW (AC)
loss rate of electricity control 5%
setting slope angle 30°

solar radiation array

setting direction angle 0° (south direction)

* Note: Kim et al. (2006)

1. Power Generation by Solar Photovoltaic (PV)

The total generation power (E,) by a PV system of
Table 1, can be calculated by equation (1).

E}) = nApQA (1)

where E, is total electricity power (kWh), n denotes
efficiency of generation, 4, area of array (m?), and Oy
amount of solar radiation in slope (kWh/m®). The PV
system has been developed as a form with capacity of 3
kWp to use for personal and public houses in Korea
(Kim et al., 2006; Nam and Kim 2007, 2008).
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2. Economical Analysis

This study used the NPV and BC ratio method for
economical analysis to the study villages. NPV and BC
ratio can be calculated by equations (2) and (3), which
mean difference and ratio of total benefit and total cost,
respectively. In this method, especially, the environmental
conservation factor is considered in the benefit factor
(Kim, et al.,
method. Thus, the total benefit can be estimated from

2006). This study followed such approach

the amount of electricity generation and the reduction
amount of COs caused greenhouse effect, while the total
cost can be calculated by construction and maintenance
fee of the PV systems.

NPV (2)

"1 B+ GHG) OM(i)
[ (1+7) }[Cﬁg‘;(lw)}

BC'ratio 3)
N[ BG)+ GHG(i)
Zu[ (1+7) ] Z[ ; 1+r)]

where NPV is net present value for payback period
year, B(i) denotes income from the generated electricity
by PV systems, GHG() income from reduction amount of
COs by using PV system instead of electricity generation
of fossil fuel, » discount rate (%), CO initial investment
cost, OM(i) annual maintenance fee, and » means payback
period year.

[Il. Application to case villages

1. Survey Data of Case Villages

This study used the surveyed data of three study
villages, Makhyunri, Boojangri, and Sosori, which located
on counties of Kumsan and Dangjin, province of Chungnam.
The study villages were selected as representative areas
that can show different results between villages according
to their location. The existing studies (Nam and Kim,
2007, 2008) analyzed energy consumption in the villages
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and potential of solar energy considering weather condition
of the village site. The present study is using the both
existing data of the energy consumption and potential in
order to analyze economic aspect in the three villages.
This paper analyzed the total amount of used energy per

Table 2 Analysis of energy amount per month used in the
study village*

electricity(kWh)
month Makhyunri Boojangri Sosori
per house |per village| per house |per village | per house | per village
1 312 21,216 371 36,729 401 39,298
2 311 21,148 370 36,630 401 39,298
3 301 20,468 353 34,947 388 38,024
4 302 20,536 356 35,244 392 38,416
5 300 20,400 348 34,452 382 37,436
6 300 20,400 351 34,749 386 37,828
7 301 20,468 355 35,145 390 38,220
8 320 21,760 382 37,818 407 39,886
9 315 21,420 375 37,125 402 39,396
10 301 20,468 354 35,046 390 38,220
11 305 20,740 362 35,838 399 39,102
12 310 21,080 368 36,432 400 39,200
sum 3,678 | 250,104 | 4,345 | 430,155 | 4,738 | 464,324

* Note: Nam and Kim (2008)

Table 3 Estimation of monthly electricity generation in
study villages in unit module*

Makhyunri Boojangri Sosori

month electricity electricity electricity
(kWh/m) (kWh/m) (kWh/m)
1 497.5 294.5 535.8
2 482.6 314.7 560.9
3 611.1 391.9 757.8
4 612.8 406.1 754.9
5 661.0 417.8 849.7
6 576.7 374.5 750.2
7 500.3 320.2 617.7
8 614.4 363.7 731.7
9 584.5 367.5 761.8
10 585.5 380.1 717.8
1 515.5 273.9 531.7
12 469.4 268.8 527.3
sum 6711.2 4173.8 8097.4

* Note: Nam and Kim (2008)
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month in the villages as shown in Table 2, considering
the pattern of monthly home electric use supplied by
Korea electric power cooperation (KEPCO, 2007).

2. Analysis Results of Solar Energy Potential

This study estimated the amount of electric power
generation using the unit module in PV system, considering
weather data on the study villages, as shown in Table 3.
The results showed that the highest value of electricity
was generated in May, while the lowest value in December,
for all villages. From Table 2 and 3, this study tried to

Table 4 Potential of electricity in the study villages

analyze the energy balance in the village unit, considering
the assumption that the village manager substitutes all
energy used in the village to the electric power generated
by PV systems.

3. Results of Economical Analysis

The analysis results of energy balance showed that
the villages need to set the 38, 104, and 58 modules of
PV system in order to meet the total energy consumption
of the villages, Makhyunri, Boojangri, and Sosori as shown
in Table 4, respectively. In the case of Makhyunri, for

Village name
Makhyunri Boojangri Sosori
Ttem Unit Total Ttem Unit Total Ttem Unit Total
module | demand module demand module | demand
Month (I:\(I)(; ! 5 Balance of CI\i)Zt ! 1ot Balance of Cl\i)(:t ! i Balance of
(100052) 24,000 | 912,000 EI?S;;SW (1,000%) 24,000 | 249,600 EI?S;;SW (1,000) 24,000 | 139,200 el?g]l}?)lty
Used Electric | Electric Used Electric | Electric Used Electric | Electric
electricity |generation | generation electricity |generation| generation electricity |generation | generation
(kWh) (kWh) (kWh) (kWh) (kWh) (kWh) (kWh) (kWh) (kWh)
1 21,216 497 18,905 -2,311 36,729 295 30,633 -6,096 39,298 536 31,079 -8,219
2 21,148 483 18,337 -2,811 36,630 315 32,725 -3,905 39,298 561 32,534 -6,764
3 20,468 611 23,221 2,753 34,947 392 40,753 5,806 38,024 758 43,953 5,929
4 20,536 613 23,288 2,752 35,244 406 42,230 6,986 38,416 755 43,785 5,369
5 20,400 661 25,119 4,719 34,452 418 43,452 9,000 37,436 850 | 49,285 11,849
6 20,400 577 21,913 1,513 34,749 375 38,953 4,204 37,828 750 | 43,509 5,681
7 20,468 500 19,011 -1,457 35,145 320 33,306 -1,839 38,220 618 35,828 -2,392
8 21,760 614 23,349 1,589 37,818 364 37,829 11 39,886 732 42,441 2,555
9 21,420 585 | 22,211 791 37,125 367 38,219 1,094 39,396 762 | 44,182 4,786
10 20,468 585 | 22,247 1,779 35,046 380 39,529 4,483 38,220 718 41,635 3,415
11 20,740 515 19,588 -1,152 35,838 274 28,487 -7,351 39,102 532 30,836 -8,266
12 21,080 469 17,836 -3,244 36,432 269 27,959 -8,473 39,200 527 30,582 -8,618
Sum 250,104 6,711 | 255,025 4,921 430,155 4,174 | 434,075 3,920 464,324 8097 | 469,648 5,324
Table 5 Input data for economic analysis using solar energy
Variables
Scenario Uit CO.St Maintenance Unit sale p r.ice Increasing rate Discount Payback Incgme by
for setting of electricity . . . reduction of COp
(1,0005) rate (1,0005) of unit sale price rate period (10005
Default 8,000/kW 0.5 % 0.231/kWh 11% 6.5 % 25year 0.00434/kW
o Zj;‘sfttﬁzyriggalem +50 % 50 % +50 % 50 % +50 % - +50 %

* Note: Kim et al. (2007)
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example, the 38 modules of PV system can generate
255,025 kWh of electricity per year, which the total cost
is ¥:912,000,000.

This study tried also to analyze economic effect for
the PV system in order to generate electricity used in
the villages, considering several factors for benefit and
cost of Table 5 used by Kim et al. (2007). In analyzing
condition, the present study performed the calculation of
NPV and BC ratio until the benefit is higher than the
cost, which means plus value of NPV and bigger than 1.0
of BC ratio. The NPV results of Makhyunri, for instance,
showed that the village need 41 years in order to have
some benefit, 2,958,000 of NPV, in case of using the
solar energy for their total energy per year, as shown in
Table 6, which B/C ratio is higher than 1.0 after 41 years.
As research of Choi, et al. (2009), this study used 25

Table 6 The NPV result of the study village using solar energy

years of payback period. In 25 years, two villages is less
than zero of NPV, which means evaluation period, except
of one village, Sosori, with plus value within that period.
In the case that the government has subsidy policy giving
60 % of the construction fee, the three villages have plus
value in NPV within 25 years, as shown in Table 7.

4. Sensitivity Analysis

In this paper, the sensitivity of variables in equations
of NPV and BC ratio was analyzed within £50 % variation
of the six variables such as Unit cost for setting (UCS),
Maintenance rate (MR), Unit sale price of electricity (USP),
Increase rate of unit sale price (IR), Discount rate (DR),
and Income by reduction of CO; (ICO) as defined in Table
5. The payback period was excepted in the sensitivity

Village name
Item - — -
Makhyunri Boojangri Sosori
N No. of PV module 38 104 58
Boundary condition " /i et (1,000%) 912,000 249,600 139,200
of analysis
Generation of electricity (kWh) 255,025 434,075 469,648
Economic analysis Benefit Cost Benefit Cost Benefit Cost
' Money (1,000%)* 808,797 967,622 1,376,648 2,648,230 1,489,466 1,476,897
Analysis NPV(1,000% )+ -158,825 -1,271,582 12,568
in 25 years
B/C ratio 0.87 0.54 1.05
Evaluation period(year) 25 25 25
Economic analysis Benefit Cost Benefit Cost Benefit Cost
Analysis until " \oney (1,0009)« 979,807 976,848 1,881,365 2,687,646 1,489,466 1,476,897
NPV value is bigger —
than zero NPV(1,000%)* 2,958 -806,281 12,568
Evaluation period(year) 41 > 100 25

* Note: Net present value

Table 7 The NPV result of the study villages using solar energy and considering 60 % of subsidy from the government

Village name
Item ; ] ; ;
Makhyunri Boojangri Sosori
Boundary No. of PV module 38 104 58
condition Setting cost (1,00052) 36,480 99,840 55,680
of analysis | Generation of electricity (kWh) 255,025 434,075 169,648
Economic analysis Benefit Cost Benefit Cost Benefit Cost
Analysis until " yoney (1,00088)+ 415,613 395,151 1,150,292 1,128,597 624,843 594,972
NPV value is bigger —
than zero NPV(1,000%)* 20,461 21,695 29,870
Evaluation period(year) 9 19 8
* Note: Net present value
Journal of the Korean Society of Agricultural Engineers, 52(4), 2010. 7 31
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Table 8 Sensitivity analysis with variation of input factors

Village name
Scenarios Makhyunri Boojangri Sosori
Benefit | Costx NPVx | B/Cratio | Benefit Cost NPV | B/Cratio | Benefit Cost NPV | B/C ratio
Unit cost for |90 % | 808,797 483811 324,986 1.74 1,376,648| 1,324,115]  52,533| 1.08 1,489,466 738,449 751,018 2.10
setting +50%| 808,797| 1,451,433 -642,636| 0.58 1,376,648| 3,972,3441-2,595,696|  0.36 1,489,466| 2,215,346| -725,880| 0.70
Maintenance rate -50% | 808,797| 939,811 -131,014| 0.88 1,376,648| 2,572,115-1,195,467|  0.55 1,489,466| 1,434,449] 55,018 1.06
+50%| 808,797 995433| -186,636| 0.86 1,376,648 | 2,724,344|-1,347,696|  0.53 1,489,466| 1,519,346] -29,880| 1.04
Unit sale price | 90 % | 411,856 967,622| -555,766| 0.44 701,018| 2,648,230(-1,947,212|  0.28 758,467| 1,476,897| -718,430| 0.53
of electricity |+50%| 1,205,738| 967,622| 238,116 1.30 2,052,278 2,648,230| -595,951| 0.81 2,220,465| 1,476,897 743,568 1.56
Increasing rate | 50 %| 796,060] 967,622| -198,572| 0.83 1,308,994 | 2,648,230{-1,339,235|  0.51 1,416,268| 1,476,897| -60,629| 1.00
of unit sale price |+50 9| 851,569 967,622| -116,054| 0.91 1,449,449| 2,648,230(-1,198,781|  0.57 1,568,233| 1,476,897|  91,336] 1.10
Discoutt rate -50 % | 1,141,956 989,237| 152,719| 122 1,943,715 2,707,385 -763,669| 0.76 2,103,005 1,509,888 593,118 1.48
+50%| 604,734| 954,200| -349,466| 0.65 1,029,312| 2,611,495|-1,582,182|  0.40 1,113,666| 1,456,410 -342,744| 0.79
Income by |90 % | 801,340 967,622 -166,283| 0.86 1,363,954 | 2,648,230(-1,284,275|  0.54 1,475,732| 1476,897|  -1,165| 1.04
reduction of CO2|+50 % |  816,255| 967,622 -151,367| 0.88 | 1,389,342 2,648,230-1,258,888| 0.55 | 1,503,200| 1,476,897|  26,303| 106

* Note: Net present value

B Unit cost for setting -50%

B Mainten:

B Maintenance rate -50%

B Unit cost for setting in Basic 2

 Unit cost for setting 50%

BC ratio

Makhyunri Boojangri Sosori Makhyunri

Name of village

(a) Unit cost

BCratio
BCratio

Makhyunri Boojangri Sosori Makhyunri

Name of village

(d) Increasing rate

Boojangri

Name of village

Boojangri

Name of village

(e) Discount rate

Sosori

(b) Maintenance rate

BCratio

Makhyunri

Boojangri

Name of village

(c) Unit sale price

of C02-50%

Makhyunri

Boojangri

Name of village

Sosori

(f) Income by reduction of CO;

Fig. 2 Sensitivity analysis of BC ratio for several scenarios

analysis because it was already used for generation of
the minimum period showing plus value of NPV within
100 year, as shown in Table 6. The basic input data of
Table 5 used by Kim et al. (2007) were used as the
default values of each variable for the sensitivity analysis.
Considered the NPV and BC ratio of Table 8 and Fig. 2,
UCS has the highest variation in NPV and BC ratio,

32

followed by USP and DR, while the others have low
variation in all villages. Meanwhile, the cases with plus
value of NPV and bigger than 1.0 of BC ratio were
founded at several scenarios such as -50 % of UCS, 50
% of USP, and -50 % of DR in Makhyunri, =50 % of UCS
in Boojangri, and except of 50 % of UCS, -50 % of USP,
and 50 % of DR in Sosori, respectively.
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5. Discussion

The present analyzed the economic benefit and cost by
using the surveyed village data and the estimate potential
electricity power from solar energy. The results showed
that there was economic benefit in the cases of using
the solar energy to make green-village planning, but not
so much in evaluation period of 25 years without subsidy
of the government. The problem of fossil energy in the
future, however, will make the renewable energy to be
very useful, if several factors, such as increasing oil
price and greenhouse effect of CO, can be considered.
Therefore, considered the present condition on government
policy for rural village, the application of renewable energy
to rural village has several issues that should be resolved
in research aspect. The government subsidy policy for
using renewable energy should be taken to make green-
village planning. Actually, in the sensitivity analysis to £50
% variation of six factors (Unit cost for setting, Maintenance
rate, Unit sale price of electricity, Increasing rate of unit
sale price, Discount rate, and Income by reduction of CO»),
many cases with values of BC ratio bigger than 1.0 were
simulated. This results designate that the application of
solar energy in rural villages is very useful in economical
aspect, if the government subsidy and the consumption
and price trend of fossil energy are considered.

IV. SUMMARY AND CONCLUSION

This study aimed to analyze the balance of energy and
economic analysis to the study villages, Makhyunri,
Boojangri, and Sosori, which located on province of
Chungnam, in the case of green-village planning using
solar energy.

Economic analysis was performed with the NPV method
from the benefit and the cost, which are calculated by
the potential and the used energy in the villages. This
study established the category of economical analysis that
the number of PV systems is increasing continuously
until the total potential generated by solar energy can be
higher than the total energy used in the village. When
the energy balance of consumption and generation meets
the economic evaluation, which BC ratio is higher than
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1.0, this study calculated NPV and its corresponding
evaluation period. The evaluation results of economic
analysis showed that the number of PV systems with
capacity of 3kW in the three villages was various and
different from villages due to their different weather
condition.

From the economic analysis, it designated that the two
study villages in economic aspect can not be substituted
their requirement of energy by the generation power of
solar energy in 25 years, except of one village, Sosori.
One village, Makhyunri, has economic benefit within
evaluation period of 41 years, while Boojangri does not
have economic effect even more than 100 years. Considered
the government has subsidy policy giving 60 % of the
construction fee, the three villages have plus value in
NPV within 25 years. This study has new findings that
some village has high economic effect according to its
locational condition.

In the sensitivity analysis to 50 % variation of several
factors in NPV and BC ratio equations, this study also
found that there are economical effect and benefit in the
application of solar energy to rural villages, if the
government subsidy and the consumption and price trend
of fossil energy are considered.

From the above results, this study has concerned that
not only this renewable energy should be used for the
future of earth, but also there will be economic benefit
if various factors such as increasing international oil price
and greenhouse effect with CO; by using fossil energy
are considered. Thus, the government needs to make some
policy to promote using renewable energy for green-village
planning to rural villages with high potential of solar
energy.
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