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Abstract The energy economic analysis of the standard rural house model with PV system was performed
based on annual energy demand calculation using the EnergyPlus to contribute in reducing building energy
which occupies 25% of national energy consumption and in developing a low-energy & eco-friendly house
model. Two types of PV system installation was considered to cover electricity demand for cooling, electric,
and heating devices. For the selected house model, heating energy demand is 7 times higher than cooling
energy demand. For the Casel, it is favorable to use electricity from PV system for cooling and electric devices
and to sell surplus electricity. For the Case2, it is favorable to use electricity from PV system for cooling,
electricity and heating devices and to sell surplus electricity. Considering the installation cost of PV system and
heat pump air conditioning system, the break-even point of Casel and Case2 are about 13 and 11 years
respectively. Although the installation cost of Case2 is more expensive, Case2 provides three times more profit
than Casel after the break-even point. Because the expected average life time of the selected PV system is 25
years, Case2 is more favorable option for the given standard rural house model.

Key Words : Photovoltaic system, EnergyPlus, Building information modeling, Standard rural house model,
Economic analysis
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[Fig. 1] Standard rural house model Nonglim-10-33-Da
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[Table 1] Simulation conditions

Inchoen
2002 EPW Data
Heating 20C
Cooling 26T
Weekdays 18:00~08:00
Weekend 00:00~24:00

Weather Data

Temperature Set-point

Resident Schedule

Glazing Single Glass
PPG Clear Glass 6 mm
Infiltration 0.5 ACH
Exclusive Using Area 110.4 m’
Electric Heat Gain 3.50 W/m2
Resident 3.90 person
Human Heat Gain 149 W

[Table 2] Properties of construction materials

Material Conductivity Thickness
(W/m*K) (m)
Outside Weather 0.14 0.100
Wall Board
a
‘Wood-Pine 0.17 0.150
Insid Plaster 0.16 0.010
ISI9C T \Wood-Pine 0.17 0.100
Wall
Plaster 0.16 0.010
Clay Tile 1.00 0.025
Roof | MW Stone 0.04 0.095
Wool
Roofing Felt 0.19 0.005
External
Rendering 0.50 0.025
Floor | MW Stone 0.04 0.075
Wool
Timber 0.14 0.005
Flooring
. PPG
Glazing | "o 1.00 0.006

[Table 3] Primary energy scaling factor for different
energy sources

Primary Energy Scaling Factor
Fossil Fuel 1.1
Electricity 2.75
District Heating 0.614
District Cooling 0.937
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[Fig. 2] Roof section for the PV system installation

[Table 4] Properties of a PV panel

Properties Value
Maximum Power 255 W
Current at Ma.xlmum 35 A
Power Point
Volt: i
oltage at Ma‘x1mum 30V
LG255S1C Power Point
PV Module Short C.1rcu.n Current 8.85 A
Open Circuit Voltage 372V
Maximum System 1000 V
Voltage
Average PV Efficiency 15.84%
PV Panel Size 1.46 m’
A I
verage. nverter 90%
Efficiency
Inverter Maxi Invert
aximum .nve er 10 kW
Capacity

[Table 5] Annual electricity generation and electricity
generation per unit exclusive using area for
the PV system

.. Electricity
Electricity . .
Generation Generation per Unit
(MWh) Exclusive Using Area
(KWh/m’)
1
g)a\sli) 6.69 190.84
(P\?laijZ) 17.87 191.22

PV1E Z-83t Caseld} PV1, 25 2% Z-E3F Case2 2
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[Fig. 3] Monthly PV electricity generation
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[Table 6] Monthly cooling, heating and electric equipment
energy demand and electricity cost

83130¢l0] WAlste] AWH o2 % 1904 Hlgo] W
A,

Electricity Electricity Electricity
Demand for | Demand for Cost [Table 8] Casel total energy cost when the electricity
Cooling Electric (% 1000 from PV system was used for cooling and
Device Equipment KRW) electric devices
(MWh) (MWh)
Jan 0.00 0.09 6 B Total
Feb 0.9 009 o EGPV | ESPV Elescilr;ny Gas Cost | Encrgy
Mar 0.00 0.09 6 MWh) | (MWh) | (x 1000 ( x 1000 Cost
Apr 0.02 0.09 9 Krw) | KRW) | (1000
May 0.07 0.09 16 KRW)
Jun 0.16 0.09 31 Jan 0.54 0.45 159 430 272
Tl 020 0.09 a Feb | 060 | 051 178 329 152
Aug 0.25 0.09 6 Mar 0.67 0.58 201 239 37
Sep 012 0.09 22 Apr 0.71 0.60 210 108 -102
May 0.66 0.49 173 32 -141
Oct 0.03 0.09 10 Jun | 061 | 037 129 2 127
Nov 0.00 0.09 6 ul | 047 0.18 62 0 -62
Dec 0.00 0.09 6 Aug | 049 0.15 53 0 -53
Total 0.85 1.08 217 Sep 0.51 0.30 104 6 -98
Oct 0.54 0.42 147 72 -75
[Table 7] Heating energy demand divided by gas boiler Nov | 047 0.38 134 201 68
efficiency and gas cost Dec 0.42 0.33 116 364 248
Tot 6.69 4.76 1666 1783 119
}];22:1% dE/ani/ Gas Cost (EGPV: Electricity Generation from PV system
Boiler Efficiency (% 1000 KRW) ESPY: .Eleclricity Surplus from PV syste':m = EGPV minus
(MWh) electricity demand for cooling and electric devices)
Jan 5.98 430
Feb 457 329 [Table 9] Casel total energy cost when the electricity
Mar 3.32 239 from PV system was used for cooling,
Apr 1.51 108 electric, and heating devices
May 045 32
Jun 0.02 2 Electricity Gas Total
Jul 0.00 ESPV2 | Sales | AHED | Cost | 'er®Y
Aug 0.00 0 MWh) | (x1000 | (MWh) | (x1000 |
Sep 0.08 6 KRW) Krw) | (1000
Oct 1.00 72 KRW)
Nov 2.80 201 Jan 0 0 0.87 283 283
Dec 5.06 364 Feb 0 0 0.50 164 164
Total 24.79 1783 Mar 0 0 0.16 51 51
Apr 0.27 94 0 0 -94
May 0.40 138 0 0 -138
WEl 7S o] At A% e cop e || 036 |17 [0 [0 |
94 'E,‘]EE‘HI‘LE /\]—;9—'6‘]—111 n 5t L]—tl]—_g_.?.al:.Q_ 7]_/\—}10] Jul 0.18 62 0 0 -62
—H—= © Tw v o Ea = Aug 0.15 53 0 0 -53
HE AL S5ttt 7S] Table 89f| A Casel Sep | 0.8 98 0 0 98
o) A% PV Wil W W W17 Ak Alg [0 020 [ e [0 [0 [
oJolziele AR WolSHA 166619 ojejo] WAty O e
E G A Eo] B ofu Aol 1194 Ay Tot | 174 610 2.55 831 190
(o]
=

(AHED: Actual Heating Energy Demand = Heating Energy
Demand / Gas Boiler Efficiency

ESPV2: EGPV minus electricity demand for heating,
cooling and electric devices)
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[Table 10] Case2 total energy cost when the electricity
from PV system was used for cooling and
electric devices

[Table 12] A summary of PV system economic analysis
using air conditioning system

Casel Case2
Blectricity | o o ETOtal Isnsrl:“on Cost of PV 3047000 | 63,860,000
EGPV | ESPV | Sales (axs ool Inied Iy‘ il e T A
(MWh) | (MWh) | (<1000 o8 nstallation - Costof AT 500000 | 1,500,000
KRW) KRW) ( x 1000 Conditioner
KRW) Annual  Energy  Cost
Jan 145 1.36 477 430 -47 Saving (KRW) 1,881,000 3,796,000
Feb 1.60 1.51 528 329 -198 Break-Even Point (Year) 13.5 11.3
Mar 1.78 1.69 592 239 -353 PV System Life (Year) 25
Apr 1.91 1.79 628 108 -520
May | 176 1.60 558 32 -526 [Table 13] A summary of PV system economic analysis
Jun 1.63 1.39 487 2 485 using heat pump air conditioning system
Jul 1.26 0.97 338 0 -338
Aug 1.30 0.96 338 0 -338 Casel Case2
Sep 1.35 1.14 400 6 -394 Installation Cost of PV
Oct 1.44 1.32 462 72 -390 System 23,947,000 63,860,000
Nov 1.26 1.17 409 201 -207 Installation Cost of Heat 2300000 2300000
Dec 1.13 1.04 364 364 0 Pump Air Conditioner T e
Tot | 17.87 15.94 5581 1783 -3796 Annual Energy Cost
Saving (KRW) 1,810,000 5,664,000
[Table 11] Case2 total energy cost when the electricity Break-Even Pf)im (Year) 134 1.6
from PV system was used for cooling, PV System Life (Year) %
electric, and heating devices
5 49 BE g2 W] A8 4% W
— G | T | ol A8 B Aesk sl el Aolst 24
ESPV2 | Sales | AHED | Cost czsgty Forth WS ol AT S Wy AxE7)
0| e | ] ey | (a0 | 7RI whizel] 2 olel gl Ao sidEv| P
KRW) PV BARAEE ghdo wufjste 7HA T 7kt o] ¥
Jan [0 50 [0 [ 58 ASel M A 9okl 4 oS el 2
Feb 0.36 174 0 0 -174
Q7F %)
Mar 0.86 335 0 0 -335 Foale
Apr | 142 511 0 0 511 PV AlAglo] gl 79-9] of 2] Fafjr]-8-2 Table 6
May 1.48 524 0 0 -524 T} 72EE £ 2,000 02 el PV A|AEHS F
e : : 8 3o} A B4 g AT Table 12, 133 2o
u ] R
A"l Azlnlec 2] &
Aug | 0.96 333 0 0 338 PV A|2H]S] AHXH]-EL Casel 23,9477H%, Case2
Sep | LI2 393 0 0 -393 63,860 Y02 AAETH13]. T Hge] Wy
Gl tor [ 3w | 0 [ 0 [ ] sl v g vy *éﬂl of k2 27| F A gol
Nov 0.46 192 0 0 -192 -
j=2=1%4 Casel & %H]— 7‘(_‘]_351— A Sl ol
Dec 0 0 0.08 26 26 ea]’ ]‘1] o] % S ooﬂ = ]"g‘—]'—l—- ooq
Tot | 10.08 3690 0.08 26 3664 A 7= Zlo] Case29] 7% Yrlolvh AM8-51aL #F

o] xnx}gcq
A oS 4 ghij Fote
5,581 o] HHka 1783@?}; Ak 3,796

43+ ¢ Table 113} zgo] 12%]01]1;!_]— 1\1}%}3;%1;% 7t
3b7] 918l 7kabgol Wastet QJojee wofet
3,690 ¢19] S=ofo] WhAsh HtH]|-8-S AStH 3,664
Agle} srefo] AP,

Tfjals Zo]l AAHoz fEst Zow doHEch
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