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ABSTRACT

KEYW ORD

Purpose: In 2008, As the green growth policy was presented, Green Building is made any effort to propagation. In g 2 oj| L X|
this paper, the respective technologies that are able to considerably reduce the energy demands for heating, cooling, — IjA| = 3SEH
hot-water, lighting and ventilation among the variety of technologies were selected. Method: Design factors suchas @ =L 2s

External insulation, ) Triple glazing window, @ LED lighting, @ External venetian blind, ) Geothermal and (&) Heat
recovery ventilator were derived. In addition, energy saving effects in terms of energy demand, energy consumption
and energy cost were investigated using EnergyPlus, building energy analysis tool. Result : The results were as follows.

ar7|z

Zero Energy
Passive House

(1) It can be seen that high insulated triple glazing window, heat recovery ventilator and external insulation technology =~ Green Home

is excellent for energy demand. (2) Unlike energy demand, saving effect of energy consumption and energy cost was
shown in order of Geothermal > Triple Window > Heat recovery Ventilation> Insulation> LED Lighting > EVB Blind.
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Table 1. Analysis of Domestic and Abroad Zero Energy Housing Element Technologies
Domestic Abroad
@ ®

High Heat Insulation
Triple Window [ J

Passive Design Double Skin Facade
Natural Ventilation [ )
[ ]

L J©)

() JO)
L ) JS)

000
L

Roof Planting

Heat Recovery Ventilation
Active Under Floor Air Conditioning
Design Radiant Heating & Cooling

LED
Photovoltaic
Geothermal
New-Renewable Wind Power

Energy Water Heating
Fuel Cell o
Rainwater (] Y

@ Green Tomorrow, @ Eco-3L House, @ GreenHome Zero House, @ ZeSH I (5 Greenhome™
® Passive House (Germany) @) Zero-Energy House (United Kingdom) Zero House (USA) @ Carbon Zero House (Japan)
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Table 4. Simulation Case & Application Element Tech.

715522 = (External Venetian Blind : ©]5F EVBEF AHdh= Outside [ T 1 Ep | VB IGeothermal] , 1S
N R iy 9= = = o CASE Insulation| Window!| Lightin Electric System Recovery
Slate Zt=E 90°(5= WP 2 1A AEHE 47f LTt AH-E-5 (250mm) ghtng| plind | Y Ventilator
U 9 A8 H A S A7 ES 250 6 Wiy Souh e e e - -
SHEe A i Hde gl oflof tim] Y CoP4.5(wH & Shth x X - - . X
ZEH]& 8%), B COP 3.52] Water to Air EF] 2] A A EFT col | O X X X X x
= = - C02 X X X X X
SN e = HEGAIA A4S © 718E%He] A1 A | ings | C03 | 2 O x x x
= 20139 WAE A5Ee] Au7IE Sl w7429 05 i R - X
ACHHE T T2t &7 8t 5 Fot 5714 714 flsto] 713 C06 | x x x x x @
= = = = - = C07 O O X X X X
o] 7191 0.7 ACH= &5kl on, HEs)s &7 A= & c8 | O x @) X x X
2 80%z A §AZTE AR AL 9I9) 281 947|158 o) ol o1~ 1 - To ~ [~
= 3 29H &k Cill | O x x x X @)
CI12 x O O x x X
C-13 X O X O X X
Table 2. Input Condition of Simulation Element Technologies 2 kinds | C-14 X O X ol O X
C-15 X O X X x [@)
Element Tech.| Object Basis Application C-16 X X O @) X X
. . C17 x X O X @) x
Outside Outer wall 0.324 W/m*-K 0.150 W/m*-K I8 ” ” O ” ” O
Insulation Roof 0.271 W/m*-K 0.150 W/m*-K CG19 x x x O O x
(250 mm) ; ; C20 X X X O x O
Floor 0.263 W/m™-K 0.150 W/m*-K C21 x x x x O [@)
Triple Window| Window 240 Wim' K 1.00 W/m"K S < < o - - -
p Infiltration : 0.7 ACH | Infiltration : 0.1 ACH 23] O @) X O X x
LED Lighting | Lightin 6.80 W/nr 4.54 W/t Cu| O | O | x O x
g ) . . C25 O O X X X O
) ) May~Aug : ON C-26 O X O O X X
EVB Blind | Shading - (Slate angle-90°) 27 9) % 9) % O <
other : OFF
C28 O X @) X x @)
Boiler : CQP 0'085 Geothermal Heat-pump G2 @) x x O O X
Geothermal | Heating | (Efficiency : 70%) |"Heating COP : 4.5 G30 @) X X @) x @)
System Cooling |  Air-con : COP 3.5 Cooling COP : 3.5 . C31 O X X X O O
(Efficiency : 60%) (Efficiency : 80%) 3 G32 x @) @) @) x x
—— cB| x~ o O | x o x
Heslteiielca(;:)/rery VentilationNmnberO%fXecr;_tlﬂatlon 1 Efficiency : 80% g-zésl X 8 O 5 5 O
- X X X
. by Capacity C36 x x x
Photovoltaic |Renewable - (1.2, 3 kWp) oy - 8 - 9 5 8
N Environ East, West, C38 x x @) @) @) x
Orientation ‘ment South (Base) South, North 39 ” ” 0 0 ” 0
G40 x x O x @) O
41 x x x (@) ©) (@)
Agelolde 99 FEOR A48 JAzAL B 37 2o cal o TOoTol ol « [ -
c43 x x
™, 7173l ol 8= IWECOA Algh= A 7143 H ol €l =} c# | O ol O x x @
= C45 @) @) x O O X
= A5l
B2 AHEotTh C46 @) @) x @) X @)
C47 O O X X O @)
G48 O X O O O X
Table 3. Input Condition of Common Application 4 kinds | C49 O X O O x O
- ” C-50 (@) x @) x O (@)
Subsection Input Condition sl ) ” - O O O
Set-point Heating : 22 °C / Cooling : 25 °C G52 x @) @) @) O x
C53 x x
People Bedroom Living room / Toilet C54 M 8 8 9 O 8
0.022 people/m’ 0.0188 people/m’ 8'22 x O 5 8 8 8
- X X
Apparatus Bedroom Living room Toilet C-57 O O O O @) x
. . . ¢8| O @) (@) O x O
3.58 W/m 3.90 W/m 1.67 W/m
- 5 Kinds C59 @) @) @) x O O
Hot-water 0.53 ¥m’-day C60 @) @) x @) O O
C61 x
Target illumination 100~200 lux - 62 9 ®) 8 8 8 8
Weather Data KOR _INCH'ON_IWEC 6 kinds | C-63 @) @) o o @) @)
Photovoltaic 1, 2. 3 kWp
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Table 5. Conversion Factor of Secondary Energy Consumption
_(excluded Geothermal)

Energy Heating | Cooling | Lighting | Ventilation| Hot-water
Conversion
Factor 0.6 2.1 1 1 0.6

Energy Source Gas Electricity | Electricity

(Heating/Hot-water - Efficiency 70% of COP 0.85,
Cooling - Efficiency 60% of COP 3.5)

Electricity Gas

Table 6. Conversion Factor of Secondary Energy Consumption
_(included Geothermal)

Energy Heating | Cooling | Lighting |Ventilation| Hot-water
Conversion | 36 28 ! 1 36
actor

Energy Source |Geothermal|Geothermal| Electricity | Electricity |Geothermal

P> T AR o2 eo] 45 A o2 yepylt |
oz @ ek gako] 12,567 kWhiE 7HE e Bz 2 eh
1 9lor, o] 12,976 kWhE th-&2 2 7| uehtyl Qi
I8y A2 Yoy 2] @] 71 = A Urebus E4 o
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Table 9. Annual Secondary Energy Demand_ Orientation
. . Heating | Cooling lLighting l Ventil. lHotwater Total
Orientation
[kWh]
South 12,567 1,762 899 56 1,001 16,285
East 13,530 1,958 899 56 1,001 17,444
North 13,324 1,733 899 56 1,001 17,014
West 12,976 | 2,110 899 56 1,001 17,041
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Table 10. Annual Secondary Energy Consumption_Orientation

Geothermal Heating/Hot-water - Efficiency 80% of COP 4.5, Orientation Cleie ‘ e ‘ g ‘ Vel ‘HOt_Waterl il
Geothermal Cooling - Efficiency 80% of COP 3.5) [kWh]
South 21,120 839 899 56 1,682 24,597
East 22,740 933 899 56 1,682 26,309
Table 7. Conversion Factor of Primary Energy North 22,394 825 899 56 1,682 25,856
L 8.9 District District West 21,808 1,005 899 56 1,682 25,450
Division Fuel Electricity Hesatil(l:g C(if)lirfg &
(Primary Energy 11 2.75 0.614 0.937
nversion Factor Table 11. Annual Energy Cost & Saving Rate_ Orientation
Gas Electricity Total
Table 8. Unit Price of Gas & Electricity Orientation|  Cost S?Ztlélg Cost Sérl;/gg Cost Sérl;/gg
Energy | Unit Price Caloulate Standard (1,000won) %) (1,000won) %) (1,000won %)
Source | (worvkWh) South 1,656 | 0.0% 185 0.0% | 1,841 | 0.0%
City Gas Calorific - 10,400 kcal/m’ 710 510 600
Gas 7261 Seoul City Gas Co. - 874.15 won/m’ (2012) Ifa;; 1;71; Zé;’ izi 5;;’ izgi Z'zof’
L. . N L. [© 5 -2.070 .870 5 -4.970
Electricity| 103.38 Sales Cost of Residential Electricity (2010) West 1.706 3% 202 0% 1.908 6%
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Table 12. Annual Secondary Energy Demand

Case

Secondary Energy Demand [Unit : kWh

Heating | Cooling | Lighting | Ventil. | Hot-water| Total

Base 12,567 1,762 899 56 1,001 16,285
1] 109% | 1811 899 56 1,001 14,757

2| 9147 1,625 899 56 1,001 12,728

1 kinds | 212720 | 1684 600 56 1,001 16,061
4 | 12,667 1,385 899 56 1,001 16,008

5 | 12,567 1,762 899 56 1,001 16,285

6 | 10,121 1,791 899 16 1,001 13,827

7| 7534 1,692 899 56 1,001 11,182

8 | 11,143 1,726 600 56 1,001 14,526

9 | 11101 1,362 899 56 1,001 14,418

10| 10990 | 1811 899 56 1,001 14,757

11] 8529 1,876 899 16 1,001 12,321

12| 9298 1,543 600 56 1,001 12,498

13] 9224 1,309 899 56 1,001 12,489

2 kinds| 14| 9,147 1,625 899 56 1,001 12,728
15] 6,728 1,625 899 16 1,001 10,268

16| 12,823 1,312 600 56 1,001 15,792

17] 12,720 | 1,684 600 56 1,001 16,061

18] 10,268 1,711 600 16 1,001 13,596

19| 12,667 1,385 899 56 1,001 16,008

20| 10212 1,394 899 16 1,001 13,522

21| 10,121 1,791 899 16 1,001 13,827

22| 7,682 1,604 600 56 1,001 10,943

23| 7613 1,307 899 56 1,001 10,876

24| 7534 1,692 899 56 1,001 11,182

25| 5,035 1,731 899 16 1,001 8,682

26| 11258 1,284 600 56 1,001 14,199

27| 11,143 1,726 600 56 1,001 14,526

28| 8,675 1,791 600 16 1,001 12,083

29| 11,101 1,362 899 56 1,001 14,418

30| 8626 1,399 899 16 1,001 11,941

3 kinds | 2L 8:529 1,876 899 16 1,001 12,321
32| 9378 1,229 600 56 1,001 12,264

33| 9298 1,543 600 56 1,001 12,498

34| 6868 1,545 600 16 1,001 10,030

35| 9224 1,309 899 56 1,001 12,489

36| 6,789 1,297 899 16 1,001 10,002

37| 6,728 1,625 899 16 1,001 10,268

38| 12,823 1,312 600 56 1,001 15,792

39| 10364 | 1317 600 16 1,001 13,298

40| 10,268 1,711 600 16 1,001 13,596

41| 10212 1,394 899 16 1,001 13,522

2] 7766 1,225 600 56 1,001 10,648

43| 7,682 1,604 600 56 1,001 10,943

4] 5169 1,642 600 16 1,001 8,428

45| 17613 1,307 899 56 1,001 10,876

46| 5,079 1,334 899 16 1,001 8,329

47| 5,035 1,731 899 16 1,001 8,682

48 | 11258 1,284 600 56 1,001 14,199

4 kinds| 49 | 8777 1,317 600 16 1,001 11,711
50| 8675 1,791 600 16 1,001 12,083

51| 8626 1,399 899 16 1,001 11,941

52| 9378 1,229 600 56 1,001 12,264

53| 6934 1,220 600 16 1,001 9,771

54| 6,868 1,545 600 16 1,001 10,030

55| 6,789 1,297 899 16 1,001 10,002

56| 10364 | 1317 600 16 1,001 13.298

57| 7,766 1,225 600 56 1,001 10,648

58| 5221 1,248 600 16 1,001 8,086

5 kinds 22| 5,169 1,642 600 16 1,001 8428
60| 5,079 1,334 899 16 1,001 8,329

61| 8777 1,317 600 16 1,001 11,711

62| 6934 1,220 600 16 1,001 9,771

6 kinds| 63| 5221 1,248 600 16 1,001 8,086
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Table 13. Annu
. al S
econdary Energy Consumption
Case e Secondary Energy consumpti A o
eatin 1 5 mptio] -
Co fetie | Coong [Ltins | Vel el T AR Qo] B Ao
1 9 - = s otal ’
e = 20L&y 24,597 45, QAT
| Kinds| 2213 899 56 21,970 S, 8271 2% =
S 21 8 | 80 600 1682 | 18,785 of g vz H-&
4120w [ 60 1 80 % | Le& | 24518 7} a4 7% 2%
o [e]
A 629 899 o 1,682 | 24.586 G gon g Z 8o 2 oz v LS AHEH
e T s T w0 T 50 I 230 Hheos 3 8o Wk ke o8 & thash @
8 | 18.728 899 56 20459 v o] A] A et o] & S ol 8ot 135 U A HE- =
9 822 600 1682 | 16,10 Jajet ol 2 14 Y &
o Tises7 | o5 |89 S| To ot #1480 1 40 2t )
3,05 56 . T '
12| 15.626 93 899 16 278 4933 - sumption Cost
5 15,503 735 600 36 1,682 17,825 Case s nergy Cost [Unit : 1,000w
2 kinds| 14 | 2,54 623 899 3 1682 | 18,699 . Electricity on]
T L | 580 399 1.682 | 18.763 Cost | Saving : Total
11308 | 774 56 278 : B aing | cost | Saving .
16 | 21,551 625 899 16 682 4,354 ase 1,656 0% Rate Cost Saving
}; 3,533 601 ggg 56 1.682 ;i gzg ; } 463 11.6% }gg 0% 1.841 %ﬁ;e
17,058 56 : 514 238 | 25.0% 13% | 1651 v
jSrisEs SeERe st AR e e
17.164 | 664 56 278 371 668 | -0.7% 187% | 1825 S
21 2811 899 16 5246 L L8 | 0pe 167 100 : 0.9%
> 640 1,682 6 3.5% 164 ° 1,835 0.3%
22 [ 12,910 899 16 20,424 1357 | 18.0° 11.7% .3%
764 778 8.0% 183 © 437 76.29
331 12795 600 56 4,644 7 1041 | 37.19 1.5% 2%
= 623 1,682 ST 1. 71% | 182 o | 1,540 | 164
24| 2093 899 56 16,013 1482 | 105 1.9% 4%
: 604 1,682 9 0.5% | 153 o | 1224 | 335
25| 8463 899 56 : 16,055 1477 | 10.89 17.6% 5%
: 824 278 1 0.8% 166 o | 1,635 | 11.29
26 | 18,920 899 16 3,930 0] 242 | 85.49 10.6% 2%
’ 611 1,682 11 54% | 166 o | 1643 | 10.89
271 3,09 600 56 11,884 1163 | 20.89 10.7% 8%
> 616 1,682 2 9.8% 187 o 407 77.99
28| 14,579 600 56 21,870 1257 | 24.1° 0.8% 9%
: 853 278 | 4 B 4.1% | 144 o | 1,350 | 26.7%
ST Tado7 T oo f0h o | lef 7730 2 ko AT T oo T i% ST TR P 2.,
666 278 Y, 15 -6% 159 e All | 23.4%
3 kinds 3L 2369 670 T O Y S VAL 943 | 43.0% 144% | 363 =
32| 15761 899 T3 2 | 17.760 2B L B 5.9% 80.3%
585 278 1 1.9% 132 0 1118 | 39.39
33| 2583 600 56 4,232 71 271 83.39 28.6% 3%
2 551 1,682 1 33% | 130 6 | 1819 | 12%
34| 11,543 600 56 18,685 8] 1375 | 169 29.9% 2%
736 278 1 6.9% 148 0 407 77.99
35| 2.562 600 16 4,068 9] 276 | 83.39 20.3% 9%
2 468 1,682 20 33% | 150 o | 1523 | 17.39
36| 11.410 899 56 14,577 1,368 17.49 19.2% 3%
: 618 278 2 74% | 163 o | 426 | 769
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Fig 4. Annual Energy Consumption Cost

o117 4u]u)g ZEol A 27}
EE e ov], 28 8 AT Y R471ES
Mg AgaTpLE AR Y
efon], A9 > 354 > W4s|% 87147 > 99 > LED 2

Ztslo] 425198 72 oA

B7)57 > 915 AEAPEA o] 40 2 Lhepde,

SEEREUT T

T -fARS S Ve

La7EFAES X

20 &2 et o]= o

7‘101 7 2 4& Ehst
1o

9 vk A

ool ]11

olet
ot

2
ol

wotd

rlr mlo
R

_g

o1 st Aket

39 BRI AT 13} o1 7] 4 85F0] 83.5
KWh/nt © 2 7P W 710 2 B4 slglom, 27 Ul 2] Avla

Case®|A] ol Z] A-H|5fo] P
A7|&of Hloto] 2] F 9] o4 =] A
+= Case®l|A] 22} ol 2] AH]gFo]

1=}
pusy

Table 15. Photovoltaic Installation Angle & Power Output
according to Generation Capacity
Generation|
Capacity|
Installation 1 kWp 2 kWp 3 kwp
Angle
0° Generation [kWh] 1,095 2,190 3,504
Saving cost [won] 113,211 226,402 362,264
150 Generation [kWh] 1,191 2,382 3811
Saving cost [won] 123,126 246,230 393,981
300 Generation [kWh] 1,223 2,447 3915
Saving cost [won] 126,465 252,940 404,722
450 Generation [kWh] 1,194 2,388 3,820
Saving cost [won] 123,394 246,830 394,891
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