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Abstract

The government introduced a mandatory installation system of new & renewable energy for
public building to meet the target of greenhouse gas reduction and also suggest a correction
factor for new renewable energy to expand the installation of various new & renewable energy
systems. The introduction of correction factors, however, was followed by the reduction of
installation size of new & renewable energy sources. Assuming that it was caused by a
correction factor for each new renewable energy source calculated by the initial costs, this study
proposed a new correction factor approach based on payback periods to reflect the technology

a OPEN ACCESS element in the calculation process of correction factors additionally. The application results of
new correction factors show that it was possible to do complex calculations including the
Journal of the Korean Solar Energy Society economic and technological aspects to select a new & renewable energy system and that the
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Table 1 Unit energy production, unit costs, and current correction factors of new renewable energy sources

. Unit price .
New & renewable energy Energy production (1,000won) Correction factor
Fixed 1,358 4,972/kw 4.14
Photo-voltaic Tracking 1,765 kWh /kW-yr 5,604/kw 3.59
BIPV 923 9,553/kw 11.70
Flat plate 596 1,012/m’ 1.92
Solar thermal Single vacuum- tube 745 kWh/ m2~yr 1,160/m> 1.76
Dual vacuum- tube 745 1,030/m? 1.56
VerticalClosed 2,045 1,690/kw 0.70
Heat pump kWh/kW-yr
Open-Loop 2,045 1,260/kw 0.64
o Prism 94.7 8,496/m’ 11.70
Dayli-ghting . kWh / set-yr 3
Optical duct 139.7 4,536/m 11.70
Fuel cell PEMFC 9,392 kWh /kW-yr 51,100/kw 6.35
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Fig. 1 Initial costs and energy production of new renewable energy sources (per 1,000 m?)
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Fig. 2 New and renewable energy sources payback period
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Table 2 Weighted factor according to the survey results of importance

Precedence evaluation items(a) Sub-evaluation items(b) Weighted factor
Evaluation items Important proportion Evaluation items Survey results (axb)
(Full marks:7)

Initial cost 6.36 2.67
Economic analysis 0.421 Maintenance cost 5.45 2.29
Energy cost 5.45 2.29
Energy efficiency 6.27 1.66

Technical analysis 0.265
Supply stability 6.22 1.64
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Table 4 Comparison of new correction factor and current correction factor

New correction factor Current correction factor

New & renewable energy Weighted factor ~ Payback period A) ®)
Fixed 6.46 27 2.19 4.14
Photovoltaic ~ Tracking 8.62 24 1.9 3.59
BIPV 431 50 6.19 11.7
Flat plate 8.62 15 1.02 1.92
Single

Solar thermal ~ vacuum tube 862 14 093 1.76
s 10.77 13 0.83 1.56

vacuum tube
Heat pum Verticalclosed 10.77 8 0.5 0.7
PUP - Open-loop 12.93 7 037 0.64
Fuel cell PEMFC 6.46 35 3.25 6.35
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Fig. 3 Building modelling

Table 5 Basic model and operating conditions

Gross area 19,955.53 m’
. 2
Area Parking area 2,259.27 m
. Basement floor: 1
Number of stories Ground floor: 8
Wall 0.22 W/m’K
Structure 2
Glass 1.70 Wm'K
Internal heat Human 0.15 persons/m’
) . Preset temperature Heating 18 / Cooling 26
Operational conditions
Schedule 08:00 ~ 17:00

Journal of the Korean Solar Energy Society Vol. 36, No. 6, 2016 19



el el =2

A ABoTIA] GRS ok o) AHREEHEAS BnergyPlus ver 83,02 o1851o] Al Ty
20] oA 82EE 8,560,854 kWholm, o] 7hesl] el A1o] B2 16% 2 20%, e 4%, £} 8
718 SRR 6092 Fig, 49 o] Ut} QRAVI0] XK EE A 7 1ofu12] AL g o] WikiiefuiA] ]

ST oF 4% om] Folle] AR HELS TS e Ao ekt

8,560 MWh

9.000
7,000

5.000
B000 | L L

3,000
' 20% e
2000 16% B 7 %9 A

1,000 % --------------------------------------
- e

Heating Cooling Walerheating  Flefric Tolal

Energy consumption (Mwh)

Fig. 4 Estimated total energy consumption of target buildings

4.2 M HOIAR|AIASY 2245} T2 2y
A1 AR 1157 oo eyt eheyed 2 A1, FAY, GRS g0 Al ApeldAle] 22
MBS WS Slele] HRl% 2 M2 IIe) KREES 2072 018310tk
WIS A, 7K, B0 TRE] 2 AR Wkt Ry Sebat

| Iniial Cost -
efficiency
Economy ||| maintenance| | Technical Enonment] | C02
analysis cost | | analysis analysis | | emissions
Supply
IF— stability

Fig. 5 Evaluation items of KRESS 2.0

(1) 3414
Z7IFARRHRA R = AL APgeiA] L 7S 1= ARESIoH, Al HlE 27 1FA19] 3% 427

S el BA I MO olgstel Azsi

Journal of the Korean Solar Energy Society Vol. 36, No. 6, 2016



SSUS20| HEEl= M - AR M22 B3I Aot _ Uz= 2|

Ny
T ©)

Py oUrERELe] @7 Ex] (won)
i EBVESE®
N+ 27 F](won)

P, =

2) 7124
Ui S AL AVOAIAINIAT] 2 8o ARG 4o Sl ] A vl ARSI, ofui) B3
QPR ofuIx]2) BFel glolH oA} Frgie] TR HE fujste] ouIAFEE Alsl= B0 & of

11 O

g5l A=t

Iy
LS wr L Ser)

t=20

IC=

1C 2 AR E A=
D, AR oizlee

S, AR AR

(3) &34
olitefta-o] Mg ool A g =S 7IkeC = A Aol z|A I Rlo ] HiFlsh= ol RIRlE: optelet

4] W) AR A0 2, A(10)& o18slo] Co, HEES sl

T =Fye X Kpex (44/12) (10)

Tppe - TR oPIopERA AT (ton)
F,,, - 3d9= TOE (ton)

Kpe - o3d= SariEAke

4.3 21 - A=A 25t M - Aol || 2iMdeiE

AR AR ARAARE KRESS 2,001 2185107 41 - AVdellulA] Zafeplae] diet ARE=lo e EAIs3.

Journal of the Korean Solar Energy Society Vol. 36, No. 6, 2016 21



el el =2

ZZZ Photovoltaic E=5Solar thermal EZZdHeat Pump S Fuel cell

o PR §=ﬁ>@>,§>§§> SERE I

80%
7
(4
A
(4
7|
7
¥l
)

60%@»

Rl PPE R PPEER
0%

1 3 5 7 9111315171921 23252729 31 33 3537 39 41 43 45 47 49 51 53 55 57 59 61 63 65 6769 71 73 75 77 79 81 83

Fig. 6 Combination of new and renewable energy system (Case)

Fig. 63} 20 A1+ AgoUIRIA AR 84712] 231 71ed] AF9] 5%9] 2HE-S Hg, 7o Rk

AEAR 218 A AV ISR duaiA] Higo] tiE-gote 2ol His) 218 viao ]| EA Hebd L, 7 ke S
A AR ARAARE oA aao] et AE Bleo] w25 A aao] w2 Zlos YER,

BAAR: AP A 8] Q4 WHAEIR] QAR KRESS 2.02] opitsteta: siEshibd £/ Al Apoluiz )y
Aol g2 UlA 2ot vlao] A% HoRt Z1lo= ALzt

0 20 40 60 80 100
Cumrent e R
£ = correction factor /17'5é 125:% o
g = R AN I\
s 2
=] j
g = LK
& e ¥
55 o o G2 s [ NN
cofrection factor [, RAN 255405042550 L
~
T2 Current L6 - fo -
RS
=)
£3 L ! .
9 o
& g Lo e ARSI ISP IIIEIIIEL s
iy
New J1267 126 [0 626 o oN12.68

Current 412.53 12.5:WZ.EWIZE§
N A |

Environment
analysis

173 L
Currem £12.67 a0 _._%17,5 R 40

Complex
analysis

Photovoltaic =D Solar thermrnal
EZZziHeat Pump E=NFue cell

Fig. 7 Optimization ratio of top 5% (%)

= 2016 7 e ol oAk 2] SaolHte 18701 Sioh=Al- APJellARRYge-2,048 075 kWh/yr
o, ARAARRL FEAGARE 22 87 A - AVIARN A el 2 g9 5%01 Hiet oA e g 8
ofl BlwS} e

e 27 PRl BEEIR7 o A d 37 Idsoli S5 elate 18%E S50 Zofe e & = 3tk

Journal of the Korean Solar Energy Society Vol. 36, No. 6, 2016



SSUS20| HEEl= M - AR M22 B3I Aot _ Uz= 2|

ool W5l A AR 71457 2421 ofUIX Aol Mol AV, 7K, BAAolH i 2fajat i 4]
570 S BRI A1 Ao ALIge] BRRHIE: 1% sk o iiete SSs1ct

0 500 1.000 1.500 2.000 2.500 3.000 3.500

Current F S Obligati
7065.0 pply igations

3 wrosoir ™ =[]
g -
8 Mew
w 006.

correction factor HO0G8
E | Current - 2064.1
=
=
[=]
)
= New 3005 &
H . Current 7 2064.1
£
g
B
£ New 2989.0
[
=3
E
8

MNew 3006.8

Fig. 8 Energy production of the optimization ratio top 5% (MWh/yr)

5. 28

Al APgedRdd A= 27 R 7 e 2 APgElo] 27 |FARE tiF| ofuZbdnto] w2 Al
ol FAP T HEEE ol UeRdr: ol @gARre] P IRl 71ed 848 STl ARk R
7)Eer A AE AREST] AXeIAEL.

() dRAAE 283 747 27 1AM Hi] ofirPige] 2 Auiiziasol FAp T HEske ol
UERAT. SHARE BAAR7 F 21854 oh AmAir] o] 27 [FA g tie] ofdrPgatRRe the A1 - Aol
AJof| Hlsf S 2 0 & e,

@ Al Aol L FRgAR7 T 27 |FAe] BEE wARES siasiaat o] el ofel =Ed Al
APEARLE 7 1A B RES 710 & s1of ARAARE AXIGIT.

(3) 5,000 F7HRO] FFHFAV] 2 go1e] Al - APdelARIAA) Z2shg 9] 5%= =ETt A}, AR
A -saelTrke 18%R] sidole Al - Aol IS S50 ke Wi A A= =2l
&2 2 S50 o= HERI,

@) ARG A= A 28 Al 27 1FAREEHH] SR el E2 Al AVeluxlde] Saelake:
18%= S0 Fle wARtE B 4= lglem, Ziedel tict olluA] Eao] F7i=e] S5d==0l 4

SR olURIAEH Aol a8 oz o] R0l Zl o T,

Journal of the Korean Solar Energy Society Vol. 36, No. 6, 2016 23



el el =2

AT APGONLIRIA] A] IPSIE B A 7K lol G nAf 0 WS S uldste] 2t
AN

HALHE EEO MRS oo & Ao g oA,

27
o] =2 20158P A el SefekadiyHle] oot A=k
0= 2016 RS ) Ao = S ehiaiie] Aeke o4 2] SHINRF-2016-R1IAZB01125).

REFERENCES

1. New Energy and Renewable Energy Development - Use - Spread Promotion Law Article 27 Clause 3, Ministry
of Trade, Industry and Energy, 2011.

2. New Energy and Renewable Energy Development - Use - Spread Promotion Law Article 12, Ministry of Trade,
Industry and Energy, 2010.

3. A Preliminary Study on Introducing Solar Power Generation Support, Seoul Development Institute, 2013.
4. Consumer Price Survey 1996~2015, The Statistics Korea, 2016.

5. Hong, J. H., A Study on Select of New Renewable Energy Equipments According to the Usage Characteristics
of Building Energy, Kyung-pook National University Master’s thesis, 2014.

6. KRESS. Version 2.0, Building Energy Equipment Laboratory Kyungpook National University, 2015.

7. Jung, M. H., Development of an Optimized Solution Selecting Algorithm for Hybrid Application of Renewable
Energy Systems in Urban Scale, Chung-Ang University Doctoral Dissertation, 2012.

8. Kim, Y. H,, Park, Y. H., Hong, J. H., Won, A. N., and Hwang, J. H., Effects of New and Renewable Energy
Source Correction Factor on Optimization of System, Korea Institute of Architectural Sustainable Environment
and Building Systems Academic Conference, pp. 97-98, 2015.

24

Journal of the Korean Solar Energy Society Vol. 36, No. 6, 2016





