2 114 Bl BB
REHEE = B2 K

EA]

=40 B2 A AL A Al
25 2§ welo] B AT

A Study on the Application of
Integrated Renewable Energy Systems
based on Urban Characteristics

HRKER KEEE
HEBH R D REEK
4 o B
20114 2H



5400 e A A AUAN 29
%J@%H%ﬂ & A7

\m
o oX
=2
k)

A Study on the Application of
Integrated Renewable Energy Systems
based on Urban Characteristics

20114 2H

R KRR KR
EEBR BERE 9 RMEX
4 o B



Jot& o HEBRMmNOE RET.

T
saEn Yk
%% E B &g

D SN- L IPN
20114 21



A1 A A B i 1
1.1 qj:['._gl HH7§ 1;_1 %zj' .............................................................................. 1
1.2 A9 B9 Ml HFH ettt e 3

A 2R TAY AQAAIR] B ALY AME 2 FL e 5
2.1 TAY A AU A] EEF A QO] O H] reernreniniieiiii s 5

2.1.1 /\L]ZH/\goﬂLﬂx]g] 7Hg ....................................................................... 5
2.1.2 TAY AAAAUYA] BEF 2L 0] T QA e 6
2.1.3 A9 AU A] EEF AL O] FPU oot 7
2.2 TA UA FFLOZA AU AL FE TFEA] e 9
2921 v‘i"?}% o}]Lﬂx] %T:{'/\]Z:Eﬂ ............................................................ 10
2.2.2 TFO] TR 18] T eeeerrrnrareteieiiititit e 192
2.2.3 ATFE 8] Tttt 13
2.3 AT e e s 15

A 33 =AY AAAIAN LY B H4e A )2 2416

3.1 AAAAANTAAIAE L] T Q H EA et 16
3.1.1 ENCETHEEAL A AED e s 16
3.1.2 Eﬁook?—i }\]_/:Eé]! .............................................................................. 19
3.1.3 AFZ A A AE] i 29
3.1.4 X]?:-i /\]Z:%] ................................................................................. 26

3.2 E}\]g ﬁiﬂ*ﬂﬂ]ﬁﬂ/\]i% E‘ﬂ }\] j_yqu].t‘g— .................................... 30
3.2.1 EHoo]:q]ljx] }\]g\_l%l ......................................................................... 30
3.2.2 AT F U A A E i 32
3.2.3 A Y A A E] e 34

3.3 AAAYANYAA|AE Y] AZE AL HFH 36



3.3.1 ENCFTHERL A] A ED e 36
3.3.2 F/Hooko;j }\]Z:Eé] ................................................................................ 37
3.3.3 AT F A A AE] 38
3.3.4 AJQ Al A E e 39
34 A 40
Al 4 F TA EAo E AAAAUR FHLIFSA FHIFeeeeeienn 41
4.1 TAS] AR ALTSA HIF TP cerererererererereneiee. 41
4.1.1 1:/\]4 A]xﬁxgq]ﬁx];\]/\ 12]] %%L @%9_ ;qz“;_} Eilﬂj\ ............. 41
4.2 TA EAY WE TA §83) 2 7]FERE A 44
4.21 TA EAY WE TA| G8 HE 44
4.2.2 TAl GEHE 7]FHE AL e 49
4.3 A G oA QR A e 56
431 A% $EH U 20 54 24 8 JUA AR ALY 56
4.3.2 TA FH oLy QR oS 67
4.4 TA §3EH AAQGNTA] FAA] T T e 69
4.4.1 RO A] FEAPAD TH 7 eeeererereereieieinininiei e 69
4.4.2 FBANUA] FrAA] T T e, 75
4.4.3 X]Oéoﬂl:]xl @XH/\-] %7]. ................................................................ 83
A5 2T oo 86
A5 F EA S hE AAFAUAN LY 2 H <t AN 88
5.1 EAIL AAGNIAANLE g ADE G R A 88
5.1.1 A1 A A A R A]|A~E ALS 23 7|&2] AZHH e 89
5.1.2 =A19] A AYAHUAA]|AE HG AL 23k v A QFeverererees 92
5.2 TA 88 AAYAUYAA| B} EF AL A E i, 94
52.1 TA 48 A8 TES 93F HHEO TR e 94
5.2.2 TA] &3 AR A AE] ESF A QQF A A] cererernieinininnns 97
5.3 E/\] z%]lg /‘\_];H}\gq]qx]/\]i%] %?ﬂl 751]%91. %7}. ......................... 105
5.3.1 B3 A8 AT HIF HFH oo 105
5.3.92 1]:_;\] %631:5 %%L ;ﬁv cd— %ﬂﬂ. ................................................... 106
B4 AT e 114



- 31 7z §q_ ...................................................................................................... 119
= 5B % g ...................................................................................................... 123
ABSTRAQGCT cereererereserseniinsseisiniissiisiisiiisuiiiiismiimimisiomtmm oo 125



ANAN

A

AA A A A A A
= I~ B = S = SR

AN A YA NEAN

AN AN NN NN

A A AN A A A A A
o < < S R < S I - <~ < = < < A < < A < < I <= N - =~ =< I - < =< I =<

<3

<3

2.1> AAN AU A Q] BT et 5
2.9> ARFETJE O] Al 7] QA e 14
2.3> A A AYA A BT A QO] 2H| e 15
3.1> EleFg A A AEIO] A Q AW ], 17
3.2> ElCFI kAl A AEIO] B 18
3.3> Eﬂookoé /\]Z\_%]P/] :[L/\C-]o/’\ ............................................................. 20
3.4> ZEwA A AEO] L3k TR FE 23
3.5> FHEUFH A AEIY] BB 24
3.6> A GHEET AJAEY EE 28
37> ALA O] A F R orrrreree e 29
3.8> HloFZubd A AEIO] AZE AL 8] 36
3.9> EHloFd A AEIO] ASE AL B3 i, 37
3.10> A FEEWA A ABIS] AZFE AL A e 38
3.11> E/\] ‘}%94 *JXH% ]LﬂX]/\]i\.‘%ﬂ @%7 %/\é ............................. 40
4.1> %%o _F'LEHEﬂ T PRRTIITEeS 45
49> EA oo Z Rl wl Aol o] AL E B 48
4.3> A F3H WMZ T A A AR e 49
4.4> AZ FAGA L] MEEA] FAF AT e, 50
45> 1= HEBFATR| Y MZEA] ZAF Ao 51
4.6> BIFA O] MIZ T A] ZAF Z I eeeernreinnni 51
4.7> QTR O] MIZIZA] FAF T reerrereremeremeenneenenees 59
4.8> METAL TEAE BEF oA (BTEER]) crrrrrrrr, 53
4.9> A2 FAGAL 7)2H G AR T Q e 53
4.10> 1= Ao AR 9] 7)E=rd A3 4! IR R T P TP TP PRPIPRPRPRPRPRLS 54
411> BSADAY 7R A F]Q ettt 54
412> ABDA Y] 7R A F]Q et 54
4.13> E/\] %83@ %X]E%] EEEE}‘Q ............................................ 55
4.14> SG=FE0] Qe 2 AEH O] QB Gl 57
4.15> HEFEO L o LR LH] P v 58
416> THEZFElo] BEW o] x] 2H] LTFY] e 58

_iV_



AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
= e =< B = < N = < B /=< =< R < < R S/ S R < < O < S~ I = < S e = < B = N < < ¥ S S A< I =

R R

AN

FETE0] QA L A EH O QB Zheeree, 60
FEFH A oA AH] YT 61
FEFEH FEH oL X LH] Yuh] - 61
A A& e W AFEGOA QB gl 62
Al g AEO] LH oL X 2H] LTFY] e 63
/BPCQ%_ Zj_‘jg E‘%B,—j_ oﬂ];]z]_/]:]j] %E]—_CH ................................ 63
AR AEY Ne W AEH oA A7 Fhe, 64
AL AL ¥ o X AH] YThQ] e 65
AHEL AES FEH oA AH] Y] oo 66
TA S8 AZF oA AH]EE D AH[H]E e 67
BhFel 4 Al 2Bl o] A §obsRE AZE B DA 7] Feee 69
TA] 83 gloko| YA A AED A FHIFA I e 73
AAT7] AT T RO ThA oeeererrerrereieri 77
XA 0] PH T E L e 77
o) FER A I e 78
iéé %a%@}\]i@ /\]_001: .......................................................... 79
TA G383 ZH U A 13 B LTFSA] e 79
CFD A B 0] AR Z 7] ceeemememimeiiee i 80
TAl §3H ZH|UAAAE ZIAA HIFA T e 81
A 53 Do A] FAA HIF AT 84
A 5ol e AR HETSA BT DT 86
TA S AN A A 2B A LS 9)F AT e 99
Map of Heat Energy st e et 95
Map of Electricity Energy e erermeememneninsiininiineainniee 96
AZ FAEA L] A AEH A X] GFEL e 98
T2 WA TA] Y] A AEIH A R] JEEL e 100
BB R] 0] A AEIE A R] JFEL e 102
ﬁht,'_g_}x]g /\]_/:%Héﬂ )g;‘q ﬁLE ................................................ 104
E/\] %sgtg 24%_ /\]v)_\_Eé] .......................................................... 106
EHoo‘tjgdg__}@ 7\]./:‘:%]94 /g;z] A]_ook .................................................. 107
EloFe] A AENO] A X] AFCF ettt 107
EZHUPH A AEI O] A X AFOE e 107
2] B|EHZL A AENQ] A | AFOE e 107
A% FATA Ageke] Az oUA e BT e 108



108
-+ 109

_io

5.14> A

<E

ZE!

=
¢}

o A7k A A

AwA| Agere] 4 ouix A4

110
111
111

=
€}

=
[}

3

B IEEY

a3t

=
o

3

o] & oA

=
[

3

o QIzk U
kel 88 oA

113

=
[¢)

€

3]
c

5.20> & A

<

= Vi



1.1
2.1)
2.2)
2.3)
2.4)
2.5)
2.6)
3.1
3.2)
3.3)
3.4)
3.5)
3.6)
3.7)
3.8)

H 3.9)

3.10)
3.11)
3.12)
3.13)
3.14)
3.15)
3.16)
4.1)
4.2)
4.3)
4.4)
4.5)
4.6)
4.7)

= e PP 4
_1_;_‘_}\]/] Al zH/\goﬂLﬂx] E_sl zll_g__g] 7H§ ....................................... 8
/‘\_ZH goﬂ];]z] Etﬂ— x—]_Q_A oﬂ];]x] %E‘/\]/\Eﬂ,] 7HLﬂ ................ 8
BAFE oA FFAIAEL] JINE e, 10
1ol AES o] 8 BAY oA FEALRGANED T - 11
TFO] TR T T O] FI N crreereer et 12
AUFE TR O] FJ U creeereeiermemeenetee e 13
F/Hoh/}mx-] A]_):T%]O :[L/\é .......................................................... 17
Mexdo] A7 dFH 7 FHE = YA v 19
AEx o] tH FHE UAFEF FE e 19
EloFe] 38 A AEIO] JLA] e 21
B O] WFHF A} AELO] TEA] vt 29
AT F A A AENO] GEA] e 23
ZHW A7)0 EL ZTbo] WE FE I e 24
SR A7F AT IF Fd i 25
&R HEQ FL T B e 25
20 QT I A A E s 27
AZ 7% W X FLE O] H T, 29
XEeA o] A7 AT AZFL I cererrrrerrinreninii 29
PV oldo]g} TFE2] A AZ (D=2%H) rerereerersrrererersensennane 31
EfoF A A| AED A 7] 0] O] A E] erererernrrrriniienniiiiiin 32
ARG (L)Y A (R AE 7]FHE e 33

AT H AR o] W2 ZFZ0] BB 34
E/\]fﬂ /1\_ H/\gOﬂL-]x]/\]/\Eﬂ E'_'cﬂ— 76}1 _Li/(ﬂ ..................... 43
E/\] %sg ‘E‘% ‘31 7]7‘3@_1 DS I T T TN 44
A AE QAT (UBR) Q] JIWE eeeeerrrmieniiiiii 46
e e o] mWE A G383 BF e 48
AMZT A TEAE AA oA (BETFEER]) covevrnnmmmmmmmmmmmnininnnnni, 592
EQuUESt FLEIE] O A] ceertrererrnrerentintaeteeent s 57
1:/4]—_1_,_1511_/] OJHﬂ oﬂLﬂx] iu]%}: ................................................. 58

- vii -



5.7)
5.8)
5.9)
5.10)

HGEFAH ) TAZF oA AP YTEY] e 59
TEFEo] A o L] AH|EE 61
FEZFEN0] EATE U A] AU DTG e 61
/bhﬂ% Zj%g] oy oﬂqx] iu]aok .......................................... 63
g AEZO EAT AU A AU DY e 64
ARG ZAEO] L o LA AH|BE e 65
AEL AES thEUTZF oL X 2B YThg ceeeerererernniininnnnnn 66
A S8 99 oYX ABjEF 2 o gEl e 68
A FAAEL A7l F UAAIEE oS HG e 70
A2 FEATA Y] AAFEF BN e 71
T2 ATEAGR] Q] UAFEE F S oo 71
BEER] 0] QAFEE E I e 79
ARG O] UAFEE B i 73
ZH A ZANA] FTF HFH e 75
TFA] O] 7] 5 AT O A] erereeernnrennen 80
A ZA W3] 0] HOlE AR TFZ et 84
A28 A G A E HPHE O] Fg e 39
Reinhard Madlener 17-2] A9 A Alvtg] e &% Wi+ 90
REC T,li_@’ %_1—3;4% .................................................................... 91
Map overlay for spatial planning:-----s-sseeesesrmiemininninnes 93
xﬂ?o_ _Zrﬂ?_]-;ng }\]v/_\_Eé HH;‘(] ..................................................... 99
T2 A TR O] A B HR] veeeereerererereenininnieneeenennnes 101
B EFEER] O] A]AED HJX] creerererrereneeneenente s 103
O FLTER] O] A] A B HJ ] creeverervenereruenennesentnniiniesitsneieneenenee s 104
Merit EE:L?{EE] :rué ............................................................ 106

A 79 AEREe] AAAYAAAA AT oA At vlE - 114

- viii -



A1Fd A £

11 479 W73 R =4

Kl Aoz 7|53} (Climate Change)d wA= &Y %2 As|7)
Adst 7 F A T2 shdolH, 204171 FHE o] % Akl A &F o
2 A" COp, M= F7kel 9% #4523 (Global Warming) 7} € €
clojt}, 715w a7+ o] A (Inter—governmental Panel on  Climate
Change: IPCC) 2] A#| 4=} B A+ 21A47] Hof] AFEHEEE 1.1~6.47T
Z7Fetal &l 0.18~0.59m s Zox AWstHA, A7 2943t
A7 BES 9T & v Aasta vk

olgst R T4l AATAE Wdstr] Hst FA AR mEHorA AA
T8 F7FES 1992d 7] ¥W st (United Nations  Framework
Convention on Climate Change)& AA3sta, #H 2009d 12€ ®lvl=z
FAsEANA - A152F 7|5 F GAFF 3] (COP15) ol o] 27]7kA]
AA Zb=re] 7153t FAlol thgh o2 vl o] FeAds Axeka Sl

=AY A 7] (International Energy Agency: [EA)2)o] w2 7%
sto] 9o ]Il AlA CO, ME=S] oF 83%7F A AR AFEO = QIgH
YA Anle] Z]Qlstar Qlof, oA A&bl= A &dstel AAEE &
A E T At a2y HE 5o =Rk aAEA W AR
of we} A[F7H7F AEEI Qla, T2 oA 4Bl st AR Y]
7F 7FE3E AL Sl Wb oflUX] AN FFES A HH o R FUIskal St
Syutete] A5 A FUYEETE 2008 7E 96.4%9 2 AL &
e olEEe} oA An|e] F7h=E F7F Ay A|QbRe] FS Fa Qlth

AA eflg A &n] o] oF 329 2¢] &lFat= 7,9009W % toe FE7F AA A
T2 Axro] il Q= EAlCA A&uEGlow, 20300l EAIE SR
SAO] oA AFEE AA A Ad]e] oF 73%E AT RHow A
obal Qth4d wheba A1) oA ARE-E o] QFR.SE AAl A 7F )

R e
(AT}
foh oot 2 (R

|

[«

1) IPCC, Climate Change 2007: Synthesis Report, 2007.11, pp.30

2) IEA, CO, Emissions From Fuel Combustion: IEA Statistics, 2009, pp.8
3) 7 YA EAZTHBA)|~E hitp://www.kesis.net

4) TEA, World Energy Outlook, 2008
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3.1.4 A Al2H

1) AE A="e Jhe

AL YAt AF(EY, Ay, AZT 5ol B FAF oy 2|+
o] mkam defl & ®frsta Sl dlUAE Qwlske, AEHO RN H
o] Zolo] uz}  HEA D (Shallow Geothermal) ¥ AH-A <4 (Deep
Geothermal) 2 F-E#8t}22) A G AAEHLE AHRAL(10T~20T)<
AHAE (Heat Pump) 2] 9oz Fiste] degs YddsiAY 275 3+
3t A9 g2 AJAH(Geothermal Heat Pump System) &2 7} Zo]

g3 ek

A dFz A AELS F7 xFQ w87 (ground heat exchanger) 9} <
AxE A" Il A28 Alado|t AT 2EE A B Aolr] it
o] WY (heat sink) ¥ &4 (heat source)? s 3to] o] AJAH
o% ¥ Y 2FgEE TAd FEE ¢ QAT Ad AA"EE o
E AAgANGA o vlEl] st AALS zrom, oyx] &ago]

22) AR E Al oA RD&D gk 2030(# 4], 2007.11, pp.3
23) ¥4 Aloﬂ Aol A F43 A& AF I Bo AFoR WESL, G Al A
T a7t A €8 5ot AR Fgsih
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Photovoltaic Systems, 2007.06, pp.71
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d PV BE 7114 B PV BAZ
b : PV BE %9 v A 9w

26) ShrollUA|71edAT4d, Bl dn] Al2~8 %38k XA AR, 2008.06, pp. 29
27) The German Energy Society, "Planning & Installing Photovoltaic Systems", Earthscan,
2009, pp.145
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(3) 3™ A& 7] (Surface Roughness)

2 AAVE A 219 B e 3 (M= gnlske, ARV
SFE FTE WEF At (O¥ 3.16)29% AR wEt =AY (Z
0>0.7), WA (Zo=0.25—-0.3), Z18]3l open field(0.01-0.03)= T-#3}
of FolF7tel wE F59 W3tE Holed. 22 FTHoIHURE AR 0]
UE Ading o %2 Fold Rgsior & 7 dom, ARV wet F
AV E 4L 5 Qv Folrt e 1 . =419 1d
AA7= =218 FHA 540 wet E]r Fol 2 O“?}ﬂ st7] olgl: 540l
ATk whEbA FERPAAI AR AL A] EA] O] A
E 9 T (U, Urban Building Roughness)30) 2] -Er@, o] &g 3}r},

flo

28) American Wind Energy Association, How and Why to Permit for Small Wind Systems,
2008.09, pp.14

29) Sinisa Stankovic, Neil Campbell, Alan Harries, "Urban Wind Energy", Earthscan, 20009,
pp.78

30) & AFdAE TEA HE 845, & BHd, 2939 5 FTAE A A&l A=xd X
o] TAF A &2 A=AFY =o] Apol'grar G}t
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37) AAE, 2uF ABC FEdaAd Fgote] @3 A Fod) Aabeke=E 2010.02, pp.19
38) ¥53%, NEIAY THLH[BWP] 7€, 151834083 =73, Vol. 2, No. 1, 2008
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44 A F3E AAAANIA ZAE F7}
441 B g HdA A4 H7HSolar Energy Potential Evaluation)
(1) eRFel 2] A Bop

TA9 EjFelu®] A 87154 (Urban Solar System Availability) 2 EJ<%F
ol =12l A4 (Solar Energy Potential) H7}E F8] TAlo|A 2 Al~E
87t dAS5gorn ddst ¢ gtk 2 A gFelyA A
7t TAIEAE (A9 FeHd EA) oA edeluAe AZFAd A=
(quantitative potential) & w210 ZH TA] EA| wE HFA YA Al A
o] AE7tsds HrlstnAtsty] fgtolnt. TAgAE M= A AE AAE
Fgk FA FroE oy, B 2 HSIr AT A dE 2y A

g7hsAel BomR EAZ TASE ARde] Axwe UAsE ol
Aol AN LR oA AU Aol ol a3

Hdeg T4A% 997} vt AR dZdof

EA19 Ejoke g x] FalA (Solar Energy Potential) & 4A 7]+ o]A+9]
AAES W s YIdde] HEEA, BAE TASE 74 e dd
I SAHo] W A FTAAES Vo ®E HSAYAAARS A 83
A WA vEE Yepdt HoFolUA A ARG A L8753 AZF TAAL
2 7122 R. Compagnon(2004) 2] ATF6D Al A3 712 o] L3519t}
o] 7lE& dAl "HFoUYAA AR a8 9 292 0S REYst 0% oy
o] <3 4.27>3 3ol AAsta Ut

<E 4.27> HGAGAAN AR H37bsd A T A VIE

AF g s AT A
Sl 800kWh/m' 400kWh/nr
S 1000kWh/m’ 600kWh/m’

2 AT BA 3 gHIeuR g FALS FHrrsk] $skod
Autodesk Ecotect Analysis 2010 T2 13 83t FAAAES g
WA A T dAEFS AFESTH dE Y9 (Y, S B A

=

61) R. Compagnon, Solar and Daylight Availability in the Urban Fabric, Energy and Building
36, 2004, pp.321~328
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g o R T LN ] . | et nverce
= Facades Irradiation
g N g ey
§ o HpylyeE, =:
f . NeaEmlm =
I.;1 B 400-500
£ ™ — EguEETEg =
g8 o | B gy B
5] 200 400 600 800 1000 1200 . . l . - ! .
Irradiation [kWh/m"yr] . . . . .- .
<Distribution of annual irradiation on <Distribution of annual average
the building facades and roofs> irradiation of the buildings>
(29 4.17) AT TADA L LA 2
1% ARFARAY A7 QAR BEE (19 418)3 2 Ee) 4
< 800~1000kWh/m: AFol7} 425% % 7F4 e wWAo| BxEsty Qo
AFFATAC] s Qe ArbF BE Wsb 2A ebgh SyEe)
A5 A7HIES AL BE dEC]l 1,200kWh/m' o]7de] & dALES
5ok 2om e, By W B Al BE Sy 487b5
o] ¥& Jo% WHAL WA THAZY AR A REF uW, F
Foll wheh FHATY AN F5ol thedA e, 450 PP
wel A= 7Ee] Aol @AYt
= 40000 B Roofs P il weibd
g Focates | || ‘ a1 " o
f 30000 D =;;gi%oa
E‘ ﬁ ‘: 8 800-900
E 20000 I — 233523
= | 3 — | e
= 10000 o B 200
5 L e ———
i} 200 400 &00 300 1000 1200
Irradiation [KWh/m'yr] I . D N [
<Distribution of annual irradiation on <Distribution of annual average
the building facades and roofs> irradiation of the buildings>
(19 4.18) 115 JAFTAGH Y A +x
BggA ] A7 QA B¥E (19 419)9 2T U SA4S Be
G 2A, Qe A9 400~1000kWh/m' Alolell 7pg @-e w#o] s}
Bglom, 1,200kWh/n ol4e] Al slgshs Wao] Jbg Al A
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vk e A HErbsAe] APzl wakEe il s (b
ojAAE A7) wEel, TAE ol nla HgAQ] dAEE

dzjo] AS Jlow dddn. @A FAAEY d¥d A EEE
A, S7F %S AEES 600kWh/m ©]8te] W Axg EEXE
AsALY ASFAGEA ] Hls Aoz AGFAArFo] e st
TE T HFeu A 52| Apolrh F Ao YERT

ki

g T ot EN IO DU W25
2 8000 1 URecades L I@OEC] JE‘ ] %‘— "howh/mi]
f .‘ ‘ L‘ ‘ !‘\:} J | ] ’—‘ = ;3:.010000
g 6000 — —1 F— i e = j I 800-900
% ‘* LH ‘ J 7‘ = LJ (] 700-800
| I — - DESEpE Be (0w so00
- | DD 0N 0oonl ="
z Cm g o0 FOmomEE
: p— ot E 5| moom
0 200 400 600 800 1000 1200 E ‘7‘ m ‘7 ‘7‘ [j J 7£7 [ ‘
Irradiation [KWh/m'yr] L—‘* ‘7‘ ] D DL‘\_LUF
<Distribution of annual irradiation on <Distribution of annual average
the building facades and roofs> irradiation of the buildings>

(1™ 4.19) HdEA 9 A &3

AFeA o] A7 dAlg EEXE (2™ 4.200% Zol TA 78 T
200~400kWh/m'e] st AR W2l vl&o] 7H 11, 1,000kWh/m* ©]
24w dAEE 59 o] M AE ZoRE YEth ole ©xe
TANE FoldaZt A3 A& E7F A7) wiel, FHdE o8 S

1o

doz ue HgluX HSo] e oz wuHth WA THAZ
APT YAF BEE B, AAHOE WA APTAAFe] BA 7Y
F b8 vl BEata 9o FAAE ) BgduA 59 Aot 2
A et ik B2 U ASAE 3 AWFAA] v A et
o owE, JiAoR 159 R 9% A% A% ¥ et o
i Yot gol AHel HFIUAE AT F U AEo]
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Distribution of

—_ 30000 Roofs 7:/:? u Hi theAnnuflA:grgge
TE‘ acades | I — H rradiation
o 40000 Focad T.=- .. El -[l:‘:\;:;m
: magl| CWeE =i
o 30000 - ' 700-800
g g O O
g w0 o
E o I =‘7 \: g..m 400
: mmm| | Hnm
o 200 400 600 800 1000 1200 L U j . L ‘—‘ .. - [I
Irradiation [KWh/m'yr] D O ‘7‘ ‘ D ‘:‘ ‘ — D
<Distribution of annual irradiation on <Distribution of annual average
the building facades and roofs> irradiation of the buildings>
(29 4.20) JFDA ] LA 232
W) =A FEE A AH A& 75 A (Solar System Availability)
A S BN 2 H8 e Bk sked, Bl
A 2Eel AE7bsst Az F ANFS 7IFOo® o] dTste TANE
o] 93 WAH|ES BEAso] TS <3 4.28>F o] YERSITH

(&9 m)
AT d A= IR
g4 4 O 3
) 6,920.2 7.664.0 9.828.0 7.664.0
= == T}]— ’ ’ ’ )
AT FARA (52.8%) (100.0%) (75.0%) (100.0%)
s 37,700.6 11,974.0 58,981.2 12.316.3
AEFAGR (47.4%) (97.2%) (74.2%) (100.0%)
A 11.042.2 9,669.3 27,162.8 10,425.0
(28.3%) (91.6%) (69.7%) (98.3%)
o] 45,131.4 19,799.0 119,042.7 24,579.0
s (23.6%) (79.8%) (62.2%) (99.0%)

A% FAGAE FAAES 71 4870 HiEEF 2507 QALY
e ERS Zheth WA dAA9 W F8UlsAe vkd, Hogd 7hzt
52.8%, 100%% Ag7lsdAo] NEAES 124 X Jrd. 44
o] A ok, Ejdd BF AHE7FsAo]l 100%E YERS oW, AAAE
R5 2o kg el HokouA] F5o] JlestrgE S-S 83 A
2" wjx]7} &80t

_73_



39 ATSuHe EAHS 7t
AL 69.7%E HE ol nld)

rlr
o

o
O

)
oo
w
N

2o A
M oo e

3_:L0;

FsAgol AR YW RS SPUe BEI A2

N
FO{I
Hoge

X rlr
o >
-

o
kel

6.7 E7F 16.002 FAAAES IS IA W
Aol Agrtsidol 7 wA AEFEHN oY, 7

rL’-\
20
—
to
il

> o

o o
g
o — |
o,
o -

Y
= | 3 % o
)
° =
g &
S o flo
fu BN
N T

o E& o3
o | ity
N
ojr
ox, 2
S5t
ﬂH‘ ¥Q
= i)
= B
L\l rdt
S ™
[o 0
& e
N 1o
fng Y

ool o o

o
M
2R

yXorje LT X o N
T
ot
It

39 I °

i

>

S

)

o

ofo

>

o

-0,

2,

k)

o K

4
A
il
do
N
1o
>,
[
juii)
=
i',
)
o
4

2
2
9
=
Au)

ﬂlﬂ flo m
o
o
o 2
rg
o
= ol
o
o E
£
39
rlr
N
|o
atll
-
o
30
do rr £
o

197 2]

Ruig g
02 >
=
T
N
2
=
r
=
o
fand
2
°
D
>
> =
o)
=
0
>
=
ol
RS
i)
(o]

=
N
=)
b
E
ol -
1o
o,
o
>
[>
o
1o,
M
2
=
N
N

_74_



442 FENHA A4 H7HWind Energy Potential Evaluation)

(1) ELoliA A4 H7h by

ofd
Y

el U A 29 U gaFge Fhol s ARHDE, A F8Y
Wae] me dw Aod ¥4 dSFowd A9 A AN WA

o rlo

offFolA ol gt} EAISHG A FAAAE T T A5 AR A
& ¥ol Sk wmE 5 S7HEel Wik £40] Zesty. a8y v =
of Ao mE A5E T Wsle] wE JEFE e Xa] wEel
AA A7 & Aol B ¢ vk A W 52 AF - A=
FYF= won, 53 Erle 7AEY HE7F 7] "Wl =4 dH4 =
ol wheh Sedol vhkaixinh. wEbA ol @t Al T8 ®mEE wbds)
o olo] W& HErteAHS BATOEN, B2 FH5S 53 dHel 9
3t FdFE 7P A EE g ole AlaE AAY PR A9 JAE EE
o gt

| s Fo] Sl wE VIEE

& ol A=Y (H44) WA vEE Y. FHuA e Y EA
A= 3T

o

2 W g RA, Bol Fvbel HE F& AL AAR F, 7]
F Fel A BolE A ABS PR 14 HgsHS B
A 2em SEE AFARY REAS A FHRAE A5l 4

7

4

2

o AFRY HAAY, $A4 5w FHUA A

2 elEHy w4 ) 2 ge] BhE vl R34 REEE
SEo!

shel7] olt).

F—E

Preliminary Analysis 1st. Assessment 2nd. Assessment
d= =0l 37 > 1 ¥ &7tsst JIREME ST
me S52%F HE £S5 > HE7tsd8 &4

(18 4.21) FHolYx A4 H7F U
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7h =l STkl mE FEHEA

71448 AA FESE w0l Be] AR spolet dolstiE o]
gk ®Bgo] Aosity & AFelMs AEo] AAHe] AR Jor A
deterg &AWl A E Fol Tkl wet F5 B4 (extrapolation)
& Stk w4 oY A QAT AnHo R AH et Hm
Hl w2 ®BAo] £0]|3F Deacon?l62o] 7 o]gFH )

Uz _ (2 G 4.2
U, Z: BAY 359 &3 315

_ LS 0.088
In(z,/Z,,  1-0.088In(Z,/10)"

B 0.088
1—0.088In(Z,/10)

Z,Nd A B nw)=\/Z7x27,,
Zy - T AR AR Aol

= FH x99 74%_17] A% (roughness length, m)E Bl =
2o WE 79 #e 8ot BAsHA "t
<3 4.29>639 3 g, o]e} o] AHY] A&

Zy, AS¥0], a8al BAstuAeke FolE o] gstd dE Eoldre T

62) A XA, FEAARA] A48 g (A 2 AH F8A4 Aawdet A, 2006, pp.115
63) DANISH WIND INDUSTRY ASSOCIATION, http://www.windpower.org
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GE 4.295 AR7) Aws 29 AP

Roughness |Roughness |Energy Landscape Type

class Length, m |Index (%)
0.0 0.0002 100| Water Space
05 0.0024 73 Completely open terrian with a smooth surface,

e.g.concrete runways in aiports, mowed grass, etc
Open agricultural area  without fences and
1.0 0.030 52| hedgerows and very scattered building. Only softly
rounded hills.

Agricultural land with some house and 8 metre tall
1.5 0.055 45| sheltering hedgerows with a distance of approx.
1250 metres

Agricultural land with some house and 8 metre tall

2.0 0.1 39| sheltering hedgerows with a distance of approx.
500 metres
Agricultural land with some house, shrubs and
2.5 0.2 31| plants, or 8 metre tall sheltering hedgerows with a

distance of approx. 250 metres
Villages, small towns, agricultural land with many or

3.0 0.4 24| tall sheltering hedgerows, forests and very rough
and uneven terrian

3.5 0.8 18| Larger cities with tall buildings

4.0 1.6 13| Very large cities with tall building and skyscrapers.

<E 430> AgAe] U FREE

149 249 | 3¢ [4¢ |54 |64 | 7€ | 84 | 94 [10€]119[12¢ | A
1999 | 2.6| 2.8] 25| 26| 22| 18] 2.1| 1.2 1.3 1.1| 1.3 1.2| 1.9
2000 2.6] 2.7) 3.0] 29| 23] 1.9| 2.1| 1.7] 1.7 1.5| 1.8] 2.2] 2.2
2001 | 2.2 2.1| 28] 25| 21| 1.6 14| 1.0] 1.1| 1.3 1.7] 2.1] 1.8
2002 | 2.3 2.0 2.1 23| 23] 2.0 21| 2.0] 1.6] 2.0] 24| 2.2| 2.1
2003 | 2.5] 2.2| 23] 25| 18] 2.0 1.8| 14| 1.1| 2.0 20| 24| 2.0
2004 | 2.1 29| 27| 27| 26| 2.1| 23| 24| 22| 2.0| 20| 2.2]| 24
2005| 24| 28| 29| 3.0 24| 24| 22| 2.6| 23| 1.7| 22| 25| 25
2006 | 2.1 26| 29| 3.0 25| 2.2| 23| 2.1| 21| 2.0| 24| 21| 24
2007 | 2.0 23| 2.7| 28| 26| 2.3| 24| 2.6| 25| 2.1| 22| 24| 24
2008 | 2.3 2.7 26| 27| 27| 27| 24| 25| 1.9| 2.0| 22| 25| 24
P | 23| 25| 2.7 2.7 24| 21| 2.1| 2.0/ 1.8] 18] 2.0 2.2| 2.2

64) 71’3474, 7174 1.(1999-2008)
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_ BAAHE ¥ (m/s)
B3 = (m) Z,=0.4 7,=0.8

5 1.7 1.6
10 2.2 2.2
15 25 26
20 2.7 28
25 2.9 3.0
30 3.0 3.2
35 31 34
10 3.2 35
15 33 36
50 3.4 37
55 35 38
60 35 38
65 3.6 3.9
70 36 10
75 3.7 10
80 3.7 11
85 38 12
90 38 12
95 3.9 13
100 3.9 13

W) 12k A -E&7154 H7HApplication Possibility Evaluation)

F oA ] A F7hs AlAaEo] AR EE EREISHE FoloA g
aHsfjof st VEFEe ek wolE AFES H, ol Y
olF TH= dEes TEsloF v VIEFS5S A flstel A
{753t AYZ LA Al AH % AA FE3s @ A" el st

A Fo <3 4.32>¢ #Zo} 1.5kWH ©]3}9]
~3.1m/sE Yo, 53] FA5
Fgo] B Ao hehun,
ahe A} EwA B84 994
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Wi ok ek S50 A9, FHFol va) Fare] we] dwe A7)
W] i Zoll TS WHErt A AR ALAo]l § =S AR futy
BR A% g ANe A4 B} lERae AFasn,
<3 4.32> 429 FTHLAA R AR

I THE s ERaE A= SEIEA s

Model | KET—=600 |Whisper 200| KET—=3000 DS300 DS1500 qrb
d4Z4 | 0.6kW 1kW 3kW 0.4kW 1.5kW 5kW
AAEZ | 10.5m/s 12.5m/s 11m/s 15m/s 12m/s 14m/s
A5 3m/s 3.1m/s 3.5m/s 3m/s 3m/s 4.5m/s
ZEARE 1.8m 2.7m 4.2m 1.06m 2.8m 3.1m
E} ¢ o] 6m - 12m Min. 2m Min. 2m -

i 27kg 30kg 60kg 30kg 300kg 305kg

oA sse] AAANE A H2FEA NEFEES AEoR A
FE3E FYAYA Y FALS EA ST 0.4kWi 2k 1.5kWie] Aleds
3m/s, HAEFEo] 2mE V|ToRE UA #4E FHEHEAEAYE EUE &
A G AR ASSAS WA <E 4320 BAE FhR
4 AFE ww, 3m/se ETHS AV g ZHZF 30m, 24m o)A =
ol FHajoF st} webd FAAUES] 2mE XTI FoloAe] F&5E 4
23 3, EEEO AR FolE AL ABE TRHORH 7 74
AL 12 AL7154S Hrtsldlon, Artdds <E 4.33>3 )

<E 4.33> BA] f

9 EGedA] 14

As TAHHA 13 A3

DDDDD ] —

Og0R00E .

OooOo DO

oogooog ||m

CooB DED _E

o0 0goog |

Om' (0%) 11,174m (91%)

123 48714 37 A9, AS FADAE FAAEY JuFT57) 450
2 7ETEE UEIE w015 K E dEO] Q7] "ol FErksAdo) b
$ g Aoz yeigton, T By EolE A sl =
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< 5 M) A5 ofEs AdoR dddd. uS HA{FAGA=
ANMAES A RE AEAAA 3m/s o B FTES S F U
Zow yehgon, dE xol7t il w1 olAAYY wY] Wl &
ARl £ F5 g50] 7 Zor dddrt EFdA ] A ©A A
SAHA T oF 22%7F AR7bss Aow Uuwon, A& o nlal A&
7Fed AEol A& Jor yegt. dFdAY] 45, He $57F 9507
TAME WFEe] w2 SE A7) Wil 9292 =A YERo @A

FolHA 9 9 H LT} 7] Wil ©A FA o AAA LT/

o 23+ A&7454 H7HAir Flow Pattern Analysis)

Mo
1%
o
2
=
—
2
o~
ofo
N
N
ojr
oX,
o
N
L
N
s
%
L
A
G
I
02,

15} 4g7b54 Wb Audel ol g we bkl mA e
4 e A FS Pk XetE dgstal a&AQ FEY
AA 2"l g A5 z7] 9dlA+= CFD B+ T84T 3 7FH
E5< gotsjjor sty 7F @A o] VR FA4E 3 2xF A8 3
7h= AARFA| 98 CFD (Computational Fluid Dynamics) ®H-S A3
ow, CFD #4& 8] 442213 STAR-CCM+ 4.025 43t &

o )
= A
E3

<3 4.34> CFD AlEdeold x4

Space Three Dimensional | Motion Stationary
Material Gas Flow Segregated Flow
Equation of state Constant Density | Time Steady
Viscous Regime Turbulent Velocity 1.6~4.9m/s
Equations K —¢e Turbulence

T R ——— ,
e v W TV I

Velocity: Magnitude (m/s)
2.0000 3.0000

Velocity: Magnifude (m/s)
20000 3.0000

0.00000 1.0000 - 4.0000 5.0000 0.00000 1.0000 . 4.0000 5.0000
[ . N - [ -

(18 4.22) @A 9] 7]FEA oA
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() A F34¥ FHox FAA FrF A3
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CFD AlEdold #4128 53 A §39 FHoux e Ag7154e o
& <E 4.35>F gow, FAAE AW JFFEBm/s) oY F45o|
DAEE WA S 4 % $7swd 2 Sz e A8t
T HlEE A

ol

<E 4.35> =4 F9E SHAUAANLT FAd Frhd

A 23 [ = | 24
TolEHAA FANEE| A8 | A8 [T [FYUA BAREE| A8 | A8
o A e R pd e Pd e’
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DEO|BooDE 23 0
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Appraisal of National Energy Scenarios: The Case of Renewable Energy Use in Austria,
Energy Policy, Vol. 35, 2007

73) Hon Loong Lam, Petar Sabev Varbanov, Jiri Jaromir Klemes, Regional Renewable
Energy and Resource Planning, Applied Energy, 2010
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A3 A= dyA FoE AR vlusts WHES At vk Al
AR FAG e w3 FEE ALRFehE WS AR on, 59
gleFol =« e] -9 thx] Fejel TAEAE ot SPxS REYgste], AE
SAHe] AX7Fsst s A A LA EEE AAEIT
Aoy A e B-g, AIAAEE] A iAo Astrde] AAE &
7l GepA o =N HAA ALVl dEE FHHo®E AASTh ouA
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74) Vettorato Daniele, Zambelli Pietro, Estimation of Energy Sustainability at Local Scale,
45th ISOCARP Congress, 2009
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<% 5.3> Map of Electricity Energy

map A ZF 7 A = A 3= =
1L ro o — 2o di A SRR R
42 s 6 - 1 60-70 — ol .
- T WL T E [IEE ey
.- e | a7 2030 T et I‘!ﬁj%a* 54 600-00
Electricity B Y | — s W L wn, 0| H o
Energy Bl s o | 2 fulty| o B “Err T L
Demand BE m— ol ol o 5 . o |
[Gal] Ii [ @ — ’i:‘.--i 29\
= o | [T el MBI o) 1 1 B LE
N - o] b oo B e Hﬂ@ .@.
2T 12 F— 3 | . 5T o EEEE o] g Bl mg”
m- o 9 ML Vegl smmk
CRLE I [ | _
- =09 Q @ 5:‘ E 17 | s [E % ‘1.15‘ 61 Q.@@E I;J.
mmoo: Mo MgaEg il gy 50 ol - T
0.7 3 8 14 ‘ 15 1 E‘ EIE ... ...
0 |l mm k| Bl Hn IR - M, = ., o] .
PAF Ee bkl m o | (B
0.5 —— Bl [ lss s s | o] 42
o4 |G | | Bl == B LB =
E. 03 E oy ] | 7 . <« /0. HE “m = Hm |
. o2 |on 0 O g e o b N R o mmE| g
ml = am B e B B o s W Lﬁlll! m.ll@
1 lb ] Hepll [g@k
[ LY | — .
Bl =00 [ | 7w O [ LI ....
m o: [l - H . maeN o omg
" manm — gl Waim
WAF : — H=m.| HE &
0.5 l . ] [Nl
04
R T - P — — _HAE = il
— R u Hamm| | Hum
N N —— N 1 HEgEE (sl
Degl (w7

_96_



E=A 9 map overly®E AAE A, R g0l oy
A2E o] 87beE ko] Apolrh B Ao® YERT o' S
AgFAEA ] A, 29 Az Dol s vl BEARE A DA
o] o] &7k &0 —% AR YeRow, A4S FAGA ] 45 60} 43
Azl A7) oyiA Fos wou Bgddd Ange] o]g7bs&o] 7t
Fo HOE YT
o]

[ K fo
o o Lo

ol

o} 1%01 AUA Foet AL o] grbsEo] AR UAAsHA| o
= B, T ouA anEE stoy olgrtegel e W AAEE B
*éil% -7 OHHXl % o] #eJo] AT 4 glom, W R oyX] W]k
o Fou o]§7ts&o] W Afole ouA FwHol #5F 5 Sk 17
ng AAEe *@*Poﬂbixl ol g9 gAY AR HAE HH ety 9
A GAALNAN qUAE SRS = e AAE wXE ol
g oE 5ol dFEH e B A7le|A Fagk AAFE oGS
Hladle o, 19 de2 840 2 gl A ade ¢4 AAska,
30w 31W A& I AAES A A Zlo] whgt g sttt

522 T A §3E Ao A A 2~EH B3 Z Lol A

dol M= AAANIAAN AT 2877 3718 map overlay w4 2
B @A AAE wjA] AEe AlRbefaral k. A AAAH S A
U A AARES AEEel AGehy] "ol AA' A A7 T8
AoBZ ouA] 2MEFE uHE AJA Eél Wi 2] 7} o] Fo] A of gt

1 ot o &
off
_b‘ = ﬂllﬂl FFI

AuiAe] A5 AAARGE AF A 2
FAN 2 Frrelw o] b5t moﬂwu 3% HFgEa A
SR FRrlw A S EAR FHUA A2 ofgrelE o] 7}
SO ClElE o ALY oA AEReYE nARE o, @ 1A A
9e 4% AN At BeHow 445 Aol olx TEl E
ofet @ 4 YomE olF meElste] AxY WA ATt

A SoloF S AeliA A AAHY HeRA s Ea A elA s
9S4 Agalol @k wekd HgsbsAel WS e Fud Ay

_97_



= At wkF, HSFd, ADAIARS AAdste] A|AE wiXE AEs3]
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— Solar Thermal

... Geothermal
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A|AELS F oYX ow stal ElGAAAES I el &85t Flo]
Age Aow Pk w3 YA 9 o] 7SS [WAF]IS I3 AL
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2] Aol HA olZ7 gl 5RD(FY) 9 3RD(FE)7TDE A galo] vl
of A GA A AErtgAd S AQst et ddsts WA A&
3= Aog ARt Axl SAHEY AL SA TxE T ol A
AolHm 7 o|F ;sty] el 4.249 META ZAMAHRES Faste] L4
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= Photovoltaic

......................... mmmE ¢l Thermal

EE ‘:'. =||==| A'Wind?urhine

I . Geothermal

A= GelyA g ArjedA o] AnHEo] 47t 61.4%, 34.1%%
Ay A ] aHH]Eo] o <3 5.3~54>el4 B F ko] A=Y &

E7F FAAs der BEe] glo] delluA el A7l A L] bl 227t
gEA G S54SR S8R 7 ALES] S80S B4
9 & 7P 9 AEEder, #9dEe] F5 nyRs o cuA &

of waf vl A ouA] EeEe B vk mebA dl 7] A 2E

tlo ol

B Ay Agehe 20w APstel Axy WAS ALsh
sgwe) A%, AxHe 4R A7t FREEE 74 A29Y ol gbsE
& aeiste] AsUe Eajstdth WA Asge FgrbsEse] AR
A%l WFHo) one Feua Anu o] §7bsE[WAF] o] Auhao
Z e Aol S At Ao Adagion, HRLd Axg
3@ Agehs Aoz Astdrh AYARE A/AUA Lulu] ol
W EORE JAAE S4Wdt %Y UPPLA A2WS WA
ok HIRAASR FS, SgEe BEbEAol 98.3%% A8 k50l ¥
oRE FHMA+UFFTRA A2WL AT AR AR FAAES A9
W FAAE S4Hel H9Y ALFS WAGE 2o ADsgrh 1ou
AN BAERE S A AbsEAL NFOR AEHYORE
AA SgEe BEbERAS nes] fatel, 428 BEEA 2AE
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<E 5.9> HjoFdabd A AElo] AR ALk
244 9 9ld Hg goagid A AE FA A5 A8 BIPV A|AE 74
EEELE EREE] A AAS
=5 POLY-SI POLY-SI
PV A 982X% 1,636 X53.7mm -
Modul uhd 8= 150Wp PV Cell 110W/m’
odule Tag e 30° 90°
Ry 14.9% 13%
71eF &4 3.0% 3.0%
Inverter k% 95.5% Inverter 95.5%
71eF &4 5.0% 5.0%
¥ 5.10> Ejokd A|AES] x| ALk
ok A AE Z9%
T 3
CERRE 3.75m qdwWn g 29z 8%  60L/w
(1500mm X 2500mm)
A8 4= 457
Fr(tan alpha) A< 0.73 A 37
Fr UL A% 5.00(W/m)/C dudr] af 70.0%
B el
Fr ULe] i3t =A% | 0.01(W/m)/C . s 2.0%
(Miscellaneous Losses)
o= £AL 3.0% Addd g F=x £ 5.00W/m’
<E 511> FHLHA AR x| ALk
R £3 TE £3
9 FAZH A NEE45 3m/s
Model DS1500 ZHAE 2.8m
4AE 1.5kW E}9] $50] Min. 2m
AASTE 12m/s = 300kg
<E 5.12> AY 3|EHIT A AE] Mz ALk
AS FAGA | 315 JAAFAGA | BRdX T
ERaETEE
W) 67.8 49.9 63.4 23.4
5] £ KW) 337.6 3,656.9 576 2,475
- RT 96 1,040 164 704
B COP 3.5
s E}Sl BRI
AW | HolE Zo) 100m
7] | HolE nkA 0.150m

- 107 -



1) A<

h=:N

R

e

= <%

R

LFERSE O T,

AA e

FARA

e %
3k Z':

s A
o H =

o]

_1_—;
PN

Ao AT AT FAEA] A EES]
5.13~5.14>%} £t} 28kl A
2 HYE A AR (GA AL oy X] 4H]
o EjoFFtA AlAELL AH7]oUA] AB|E] 10.4%E5 A

Aoz BAEG dux] Foo] st AAE P wWEE
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35.1%=

AL ol x] 2] ok 66%°) Est= 1,452.7MWh7}

Ao Z YERRLT

<3E 5.13> AT FAGA AR Azt ovA ds A
(&9: MWh)
1 X IEPS * B3 AL | =9 g
el e e
A of L #] 3,148.7 2,060.0 59.1 48.6 1,310.0 750.0(36%)
7] olyx]| 1,383.8 143.5 10.4 21.6 142.7 0.8(0.6%)
Total 4,532.5 2,203.5 44.3 35.1 1,452.7 750.8 (34%)

<E 5.14> AT FAGA A=k €9 ouvA e 2

A F8ZFMWh) A9 A A (MWh) ot EHE (%)
A7) - A7 | F et
QoliA | o0 | e | AY | A | QedA|
1€ 628.0 82.5 37.5 123.5 10.3 25.6 12.5 24.1
2¢9 489.4 74.4 55.2 113.5 11.7 34.5 15.7 32.0
34 327.6 82.5 60.2 106.1 13.8 50.8 16.8 43.9
44 231.6 87.8 61.4 103.4 14.9 71.1 17.0 56.3
5€ 159.4 117.0 62.6 101.8 15.1 100.0 12.9 85.8
62 43.0 140.3 65.7 104.6 12.9 100.0 9.2 66.3
74 39.7 200.5 66.4 118.3 10.2 100.0 5.1 48.4
8¢ 35.8 207.8 61.5 127.9 11.4 100.0 5.5 44.6
9¢ 84.5 130.8 51.7 133.5 12.1 100.0 9.3 68.9
10€¢| 165.2 98.2 40.9 139.2 12.6 100.0 12.8 83.0
11¥9 | 4137 79.7 26.3 138.8 9.6 39.9 12.0 35.4
129 ] 531.0 82.3 25.4 134.5 9.0 30.1 10.9 27.5
A7k | 3,148.7 | 1,383.8 | 614.8 |1,445.2| 143.5 59.1 10.4 44.3
A% FARAL A, dude] vs] Axwe 48 wHo] 7] i
Aol 9) Bago] ¥ AZHh Tl deuAe] A5, AF AAw
AUAE Yirshs AANAYOR Qste] ¥ PHEYES HYOm, I
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ol 2,060MWhelA 1,310MWh7F A A oux] £ A}

&2 e AR yuyt Hdd AAES dAEe] F 5 <y
A Agato]l 2 Wbl A A AIARS A Aakeko]l Ak, ofuA] 4H|
= IR A AA vEhta oA5dels v A ez d
H RSEEEY WEol T 0w yuyth 3 i Agelx] Ad A
& B SFE dishs Zlow @AslY] wiel, ouA st b 2
149 A LH8&0] 25.6%%2 HEREARL ol Bls) W@rrizte] oyA] &
FE2 g A AEEAT ek AEdE % g sidstr] S8 ARt
FA T2 AAE FAR i Afo] 2o o dddErh

A7l A9 A, s Ue aHEdd oux A Aozt 4L A
o2 yegton, AAEe Ay UAE HiE AT g glernz o
AFA7E 2 Ao Yepstth BT A age] A4 gAY Abol=
a7 ot 9 BEE] Aol AA dEhtEd], ol Wz oF
Aol v amjEFe] A HEhr] wie]l Aem 24 5 gl

(2) 15 JFFADA

AT AASE 1F JFAGA AFRE Az, € ouA As
A= v <3E 5.15~5.16>3 ok A&eke] AAH T HelldEs
32.6%%, HFED AAwH ADAATLE doqA] Ao 41, s
g = 9low, ok A|AEy FE wbd A AE
14.9%= Airet o+ 9l Ao® A H . >
3o WAEL 33.0%% UYEREoH, AlAHYl F AL oyA F

(&9: MWh)
TOA T 9 [ E 5 [ HE [FE 05 oo s
2oz | maw |2as@ | @ | zez |TIFEAD
ERIER 27,185.8 15,472.0 41.8 38.8 8,392.0 |7,080.0(45%)
7] ol A]| 14,062.6 2,681.9 14.9 27.1 2,636.0 45.9(2%)
Total 41,248.3 18,153.9 32.6 33.0 11,028.0 |7,125.9(39%)
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<& 5.16> 15 HEFAEA At 29 oyA s A3t
PR AV AL (MWD Pa 2EE @)
] o 2e | @ ] 1 [ 70
S| oy |G D | AT B | i | i e
1€ 16,130.0| 773.9 70.1 | 1,224.3| 1463 | 4.1 | 21.1 19.4 | 20.9

2€ 14,929.1 | 697.6 | 103.3 | 1,125.3 | 166.2 | 3.7 | 249 | 244 | 24.9

3¢ [3,663.7| 885.4 | 1127 | 1,051.3 | 196.8 | 4.0 | 32.7 | 22.7 | 30.7

49 [1,529.8| 907.1 | 114.8 | 1,024.3 | 211.9 | 3.7 | 745 | 23.8 | 55.6
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69 | 446.7 |1,447.1| 122.9 | 1,036.6 | 183.3 | 3.6 | 100.0 | 12.9 | 39.9
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94¢ | 359.0 |1,396.7 | 96.7 | 1,322.6 | 172.8 | 3.6 | 100.0 | 12.6 | 36.0
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<ABSTRACT>

A Study on the Application of Integrated Renewable

Energy Systems based on Urban Characteristics

Jung, A-Rum
Major in Architectural Environment & Systems

Dept. of Architecture

The graduate school Chung-ang University

As a result of the continued increase in energy consumption with
worldwide problems of climate change, the importance of renewable
energy systems to replace the existing fossil fuel is growing. Especially,
the city accounts for more than half of the world's energy consumption.
Recently, the introduction of distributed energy supply system and smart
grid has greatly required the renewable energy system as urban energy
sources.

However, the energy output of some renewable energies is highly
variable depending on the external environment conditions, so the
method for application of integrated renewable energy considering
complementarity of systems in terms of overall supply is required. The
availability of renewable energy system in urban environment is affected
by city's various characteristics, therefore the system application must
consider these characteristics.

Objective of this study is to suggest the methodology for effective
application of integrated renewable energy systems in urban area and to
propose the application design using this methodology. To achieve this,

evaluation method of renewable energy potential reflecting the urban
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characteristics was presented and applicability of renewable energy
system was analyzed. Also the application methodology for renewable
energy system In urban area was suggested and the application design
of integrated renewable energy systems according as urban

characteristics was proposed by using this methodology.

Summarization of this study's results are as followed.

(1) In order to apply renewable energy systems reflecting the urban
characteristics, city size, urban form, building use were set as the
criteria. The city types were divided into four including low—rise
detached housing complex, high—rise apartment housing complex,
mixed—used complex, business complex based on these criteria. Then
the standard city model that reflects morphological characteristics of
cities was established based on investigation results of the existing

sample cities of each city type.

(2) To evaluate the applicability of renewable energy in urban scale,
energy demands for each city type were estimated based on results of
energy consumption unit according to building use at first. Secondly, the
quantitative evaluation method for renewable energy potential was
suggested in order to reflect morphological characteristics of cities. The
renewable energy potential means the possible ratio of area where a
system can be installed. Therefore, this evaluation method can judge the

quantitative renewable energy potential of buildings in urban area.

(3) In this study, the methodology of Map Overlay was suggested in
order that renewable energy potential and energy demand can be
analyzed spatially. Using this methodology, application of renewable
energy system of each city type was evaluated by exchanging
renewable energy potential results for system availability factor. Then
application designs of integrated renewable energy systems were
presented according to characteristics of city types. In applying the
system by the urban characteristics, the system's order of priority was
selected by the energy demand and each renewable energy system

availability factor of city types.
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(4) As a results of application design of integrated renewable energy
systems according to urban characteristics, the total output of renewable
energy systems accounted for 44.3% of the total load in case of the
low—rise detached housing complex. And high—rise apartment housing
complex was 32.6%, mixed—used complex was 32.1%, and business
complex was 21.5%. According to the results of energy demand—supply
matching, monthly share ratio of the load of electricity energy was
fluctuated depending on production patterns of photovoltaic system. In
case of heat energy, the seasonal difference of share ratio of the load

was large depending on energy demand patterns.

In this study, the methodology and application design of integrated
renewable energy systems considering urban characteristics were
suggested based on urban energy demand characteristics and renewable
energy potential. As as result of application design, the difference of
energy demand patterns and system's output patterns was large in case
of heat energy. Thus, to supplement this difference, the utilization of
geothermal system application to the cooling system and seasonal
thermal storage method must be considered in order to use energy
output all the year round. Also to apply integrated renewable energy
systems in various ways, the concrete plans of renewable energy
system must progress by establishing the information of urban energy

demand and renewable energy potential as database based on GIS.
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