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(Ground Water Heat Pump Systems) :
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A A7t FHE wf o]& Foly S EAR &85 ALY,

,i'ii"ii.:"iiii‘i‘!!.i"*w -

@ AxF Y dH= A 2~H (Ground Water Heat Pump Systems) @ A EZ3dY &
HE A 2HE AAA R, AFAx, 5, ATA, 97 52 YE9Y 2oz
g

@ 3}olH =] /\]Z:E“ (Hybrld Geothermal Heat Pump Systems) : ©] A]2~Hl

EERTEC 7] Nt Aol ‘:% %%‘ T A+
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HEELE] oAl DOE A9 9. = National Renewable Energy Lab (NREL) ¥}
o7 yst 714S /MEetar, NASAolA Blade 7 A PS4

o2 shal 3=

23] HAste] 20049 % &

- fuy
S A7) 7 AR Ee] SlF

F2-1 AA Zd=e T 2l v

Germa Denma
e} Spain | US | India . Italy | UK | China | Japan | NL | 7]€} | total
ny r

8%
(MW) 18,428(10,027| 9,149 | 4,430 | 3,122 | 1,717 | 1,353 | 1,260 | 1,231 | 1,219 | 7,386 |59,322
IRy
(%) 31.1 19.6 15.4 7.5 5.3 2.9 2.3 2.1 2.1 2.1 12.5 100

(4

S 20051 FE AlgF AA #Ee vk #2-29 20059 Al FH

d AR d3 m=o] oF 20%% 7HE WAL, 11 HE 5Y, 29 x5

o Hmect

3E 2-2. 20054 A9t FEEd AA A
Germa Portu Austra
vetg | US Spain | India g China | Italy | UK |France ) 71€} | total
ny al lia
8%
2,431 11,808 | 1,764 | 1,430 | 500 498 452 446 367 328 | 1,745 -

(MW)
IRy
(%) 20.7 15.4 15 12.2 4.2 4.2 3.8 3.8 3.1 2.8 14.8 100

0

E2-30lH WE AA FRRA F ARFFA0R FL A, 247}
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Year | 1995 | 1996 | 1997 | 199 [1999%| 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | H]

R

MW | 4,800 | 6,100 | 7,600 |10,200|13,600({17,400|23,900{31,000|39,431|47,620(59,322| —

Evolution of U.S. Commercial Wind Technology

140— Ihe 1980s The 1990s 2000 & Beyond u

5] Offshore
120 — 5 MW
“ 3.6 MW -
100 = .
Arklow. Seatland o Land Based

GE 3.6 MW
104 m Rotor 2.5 MW

}

Buffala Ridge, MN

Rotor Diameter in meters
=
=1
|

60 — Zond Z-750 kW
Al t Pass, CA . .
amoni ass,
40— Kenetech 33-300 kW » it ol M&ﬁm?%" nﬂ’
Altamont Pass, CA 33 nf Rotor -~ S00kW m Rotor
Kenetecn 56-100 KW ®
17 m Rotor 200 KW
5 s
sokw  100KW 77 m Rotor
0
1980 1985 1990 1985 2000 2005 2010 2015

%) 2-14. 1980\%E] AlZhe wwe] Eeluavlel W ol
(A= : DOE. Wind Energy Multiyear Program Plan for 2007—2012)

> 1970 — 19803

— AR FER ]R3 (1972:d)

— 100KW & 1 o] Futdy|el a4
=

AAA Fel (1970%)
- AT} F F o

8 (1981-19854)

4

» 1990t
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\ 600 W
N, Wind Turbine

DC Source .
Center Static
Inverter
Controller

) CH

120/240 VAC
Loads

a7 2-18. &R F50] 483 FHEAY] Al=H) (Battery charging ©]8)

FHUAS FESE oA @ b4 el ohieh, o) 1Y 2-139 2
of FwAsloA At AHe DC WEd A% F Aed Ahe
ACE H2o}A AL 4 98 o] B9 WEle A A2Y FEo u§ol
wol 287k 9. o] nrk AU ST 5 A WP el 4G
2 bR AC 712 71Ee] A ATl Az Bad o g W
MY (1Y 2-14). o) WEe wEY Age] we g AR A Bo
G744 9 9 W BEnds 2Ry 4718 A8 S g u
ol 914
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10 kW Wind Turbine

\ T
\ ae
N o2
O -5
\ [<}]
AN > c AA.nuC
\ = O
O\ =85 |
. 588 - -[g
N ES0 = @
\ s ko
\ g0 D0
\ = c S
\ S L5
\ O n O
\ \ ESV
\ Soc
N oo
N 0 o+
\ =
AN -]

24 m (80 ft)
GuyedTower

B ¢

o
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Md Turbine

N
Tower

)

WAL

PV Array (Optional)
v
///f/fff/f1
[

DC
Wind Source

Charge CeME' pvcharge  DoCAC

Controller

Battery Bank

Controller Inverter Engine
/ G
enerator
- ! ﬂ/ o o (Optional)
| | 7

System Controls
Not Shown

DC
Loads

13 2—20. Hybrid Power Systems (Bj%¥<¥ + ZZHwd”7] A]~® + Battery

charging)

_28_



o M= ollA] 2HF 20 — 10KW Alole] & F
IKWe] 243 ZguA7] 714 AEs ¥adste] 18y
51 Aerotecture 3|ALe A= 2KWE H8H & <
ekl s, 29 2-170] vehd FAE FEEHT| e 54

- Y FEAT

- A AL - 18KW

— A : 386kg, 4o] : 3m, A5 : 1.8m

- Aiae, 24%, 7, A4 9 48 7
- MATS FE L 4m/sec
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Helical Turbine
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a

% 2-26. v
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7F=C. "l=re] &8 FEddr] it ds)

b g5Fo] 1IKW o]ste] F8HUdAY|E 428 FHE L7 Hstglh. v
IO A= AF ooy 8 E § ol sAo] Aet FARE Al AEl] gHA)ste]
HA A=) At Y5z &8sk o7 ol s, g o] &8 F
Hd 7S dEA o m ALkt 3AE Qe o] T §F 3ol ml= ofy T
ZUo] = Southwest Wind Power 3JAMRA] A% Faubd7|vks A4k

Air Breeze Skystream 3.7¢

a0d
o E:[ea]
s SEm
Ei LE_.; B0 -
) =
o= 24 00
25 % E,IIII
£5 § 2 am
§2 =" 1m0
(=]
= 100
o B ¥ 10 1 12 13 14 _— {Iu 5 i0 113 148 168 19 213 I8 248
mu (36) {400 (a4) {480 (54 (58) {E3) an CE) (45 (58] (B89 (18] (RS (ELSD (1080 (11)
Average Annual Wind Speed Average Annual Wind Speed

oy 2-27. vl A% FEHA7] (Southwest Wind Power)

o 2l £ 800 — 200W AEEA OiF-E 1KW wnke]

2 5
st FEEAY] . a9 2-220] &7iE 200We] FEEEY|Y 5

2

(o) [e]
28 B
22

— & W g7 o] : 46in = 1.17m
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: 2.68m/sec
: 49.2m/sec

- 5.9kg

FAH F2

4=
=
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N

)

o .
ESQT

o]-&3 Hd&E/FAF G

THLATE

o

a9 2-28, U= A

(AeroVironment Inc.)
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Nenrle stung : J0 kW B0 kwy 250 kw BOO kW 1500 kw
Rotordurchmesser : 15m 0m 30m a6m 70m
Nabenhahe :30m 40m 50m 78m 100 m
Jlahresenergieertrag : 35.000 kWh 45.000 kWh 400 000 EWh 1250.000kWh  3.500.000 kWh
3 2=
a9 2-30. 59 FHTH Ve wA

=¥

ECEB0=

5000 kW

115m

120m

ca. 17.000.000 k\Wh

(A}= : DENA—Quelle: Die Windindustrie in Deutschland, BWE & VDMA Power

Systems)
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35,000 20,000
X8 (EEG s nJ 18,000
20,000 THA0I L4 X/ (EEG) | 1 o
l 16,000
25,000 14:000
§ 35 BauGB ]
T 20,000 12,000
s i “100 MW Wind* & 10,000
2 15,000 280 MW Wind® =2 1= L)
10,000 6,000
‘r| EIIZ S (SVEG) | 4000
5,000
j 2,000
0 0

|—E?Iﬂﬂ _._sg|

aH 2-31 5 ST
(A% : DENA—Quelle: BMU 2003, AGEE—STAT 2004)

» 3} A
— 1970 ) FRHEE oA =Hle] g A A X
— 19899 = Wl FE 7= o] @R 7] A7kA AR A4 251
B], 150kW — 250kW ZFZA|xElo] %%-3— o|FAIL, I Uy WA=
3018 — 35W|E 3[R 300kW F3 A|xElo] sjutEo] BFH.
— 1992 37v|¥ 32 AAF Y 500kWw &5 Al =8 i
— 1996 6678 A A 1.5MW ZF8 A AHlo] sjEso] g
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>3 L
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>
A= = -
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A e g
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| 188044 NEDO &1 - EHQIBY &Y ¥ BIHD J
BN SElsNYE St IRAY s 8
I &g -s8)|sg-AEapy
19934 FAAIQ HZOE WA - B3 BaNYEs ]
Fe FHR A AL BTE2AY - 200449 R
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(20014 MOUKIZEHER 0@
200449 SAHITE 16GW 24y
El b2t z= el 22u+* 22 HIE%IE@ML'III
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20061 EHFH Al 24 A2 900MWD
MINECH Ef A A 4ot 2t
a9 2—-42. B HEF TlEAE Fol
S5 203007449 F1Ze B BAK AgPATI o] 43
e F3l oA EA} AFE A t-Sshs T8 A Po=
A9l Q4 N Fuel Ao w AP,
« Alofo] gle B o] &g HAdS HREE 20309 FHESF
100GW, T2 10% d9o iz 3.
¥ 2-5. dE9 2030 7 HxX
g =2 5y 9=
BEs 714 100<1/W (2010
7591/W (2020)
£E naEEs < 5091/W (2030)
BE 54 304 (20200
A5 A 5 oF 1g/W (2030)
oI H 717 15,000<1/W (2020)
=77 1091/W (2020)
U-=C. ¥ A=A HFCHAA 489 4
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AE29] JR East YIHA] GAF 5748 2001 100kWp, 2004 100kWp
§39) B AE AL,

U=D. "= HEAAL () HAA 489 4
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o 53 AAAANUA] BA 7% — #]=re] SMIT (Sustainably Minded Interactive
Technology)oll A= B ¥ A #} F3 B bl #] o] Hehd o A Solar
IvyE 7128k T) Solar Ivy= <) 2 A& &g FAste] duxE ik
T o, ZF ol o Al olE 7t = Eedd o] wh 5SS {13 =
sidlo] H|F7L vigte] & o] uA|E AilstAl €

7
- o .
A e . =

b | A 2 == i L 2 Sh, 2

! 4 7r e

T o i A ~

i VRN T
GAg )
Wind fores
N7 T max P
Incorpetated Piezo electiic qenesatons

Flow of BC curro U]

(@) Solar Ivy &2z (@) Solar Ivy
19 2-51. SMITY Solar Ivy

28 b WAV E — 979 GloucesterA]ol| Sainsburydl A& & AL AE
1=l E

)
a H

o] 83k WHA|AHS Qo] AX]3te] 2 ol At Aol AP sh= A sl
2 0 kWhe] d=gS A Folt}, Aakel AL Sainsbury ] F-iA| A
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Plates are This creates a

pushed | rocking motion
by the mlgntof | under the road
the vehicle - surface which turns

Cars drive over
the plates placed
in the surface of the

n The generators n:reate enem &,

is captured, redirected 5. gl
back to the store and used as
power for the checkouts

(a) People—Powered Checkout Lines (b) People—Powered system of Sainsbury
713 2—52. 9= GloucesterA] Sainsburyoll A X% obd b Al 4~ €l
c Ar 9 ERg b Tl - o]t o|xof(Innowattech) A= FH =
oF Ax o] Ak Wof PHUXEES AX|ste] AHE& itk A& 7 Fof 9l

th =28 bdolux o] 9 1kmE 500kWeF AEg hdo|ux=] o] 729
1km3 150kWe] #& Aato] 7|t ZFgolu}.

S

(a) B28 GAAUA WA (0) =g FAUA WG

I 2-53. olmetEAte] b el U A B AAA

e AR obd WAV|E — dE Keio o] QAo EFA|FA](Yoshiyasu

Takefuji)= JR-EASTS} ZE 02 QFHo|UA AR E 7utsle] ole] 183} o] 54
Aol Alo|Ed AR AAst] fselTol mE WHES FAIskAL vk E=E fEedT

7F B2 A Bz stUAEAE dAske] & Tl Atk
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° 1__ ) LN T A —1_.7
2 3k S o oF 13092 F4 5™ 2 5133 wid 10% o]/d9] )};ﬂ
LA I = » - |
B Aor 2AESE. 53] =, ArH(LaE0}, AHT;# gl
T 5o A AMA AE dFE A|2=He HFS TS U2
5 o <!
27 A5 AL AUA A olg 91 (20050 7))
— — ; qF T AL
59
olg% |NHEF| A | A7 | Ay | A7) 0511‘;% Alg;}?
€4 o8 | olgF | NUEZ | NUEP
(TJ/year) | (MWt) : 7
TE L ME e set|elolseteolol serelolol gate| = go] | gl
L usar) | as1m
=A9 0 2AN | sdd | 292 | 2k | Aoz | dela
2| 36,0000 | (3,840
AE L ZE | seis | waas | e | w=del | A4 | vgacs
3 (31,239) (3,687)
B | Wobz | agAer | Wiz | 292 (vgds | A4
4 . = il
(24,840) (1.844) .
TER | | e | wra | wne |zese e
0 = | (1,495) '
(24.500)
[e=]
182 ol AL AT Y= FHE WA Hlo] B wlo] g - Ao
e Ol5 © = 3 —



A]

(1A

o e A WHk(6,391 Tl/year), =%1(25,095 TJ/year),
(6,569 Tl/year)ol]l A3} A1US A=F4ow &8&3ta = A
o] Mxl=rolgtar & & Q5. 53], 200810l 7N == o]
Olympicolghe= 75 obefl A|d AHZ A28 Bgol 98t

[

U]%_O_ x]oﬂ O:lj:]ﬁ }\]/\Eﬂ
1 Qe YEEA, 20053 7)E, AA A
£ 31,239 TJ/year (8,678 GWh) <. o]=oA X<

M= 92%(7,200 MWt), o]-8%F HolM+= 71%(22,214 J/year) z}x] o}z
=

# 2-8. 19 T8 F7kIA AD AR o8 Ad AL A=E d3 (20054 7)E)
Ad quA |(AE QWE | 23 F| 2 XE (NY QWZ |3 o]&F F HX W+
HA o]lg | A2d |(AY W= U] AAH| A2"d |AY g¥W=| 12 kWS
FALASF | ALLF | ANz"e] o] &3 olg%F | Azdel | d@zmz

(MWt) (MWL) ¥ &%) | (Tlyear) | (TJ/year) H] & 4
o 2~ EZ| ol 352.0 300 85.2 2.229.9 1,450 65.0 25,000
A= 260.6 260 99.8 1.950.0 1,950 100.0 40,000
=Y 504.6 400 79.3 2.909.8 2,200 75.6 30,000
T2 ¢ o] 600.0 600 100.0 3,085.0 3.085 100.0 14,000
Eato ke 3.840.0 3,300 85.9 36,000.0 28,440 79.0 275,000
22 584.7 5254 89.9 4,229.3 2,854 67.5 35,000
e M=ro] EAQ A FE G A|2H M| AMHE A8 AEEHE ool A st

o] o
A
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3 2-9. vE Wi XD GEE A& A AL

AR A

Al2g] Ay

I FA8 Aelesidential cases)

A A StExZ = (Hartford), Ul el #5, 719 9
A f49l 42 RT 9393

A Andr]: BE5AQ2 wells)e] A 54 o] 4 v
2|2 dxEr): 1000 ft Eedgd F2

sk 200 ft gel, 2719 A"A (weld

| »aamauns

A A @A A (Ocean city), W2 W ESF, olFE

AL 718 143, 104 7}, 7FF 2 900 ft

A ful 1077) 2] Heat Pump A (3 222 RT)

AF ug FA: 73 4y AFEne|

AlZdnEg@r]: 160712] Heo &(borehole)S #+2+ 175 ft 4
ol AE FAE AdA. B Ho|TE ALEIHL
o, Zto]Z F ZolE 10 miles.

2. A4 Aldl(commercial cases)

-Phillips 66 Service Station

Z2A| A e olg] el A (Prairie Village), 702F25

A" AL 3 AHE AF dud g
10718 BHE&S 747 325 ft Zol& A
s Eejegdl mho]i ALg

A28l 85 5 RT, 1dj2] dEE ALS

(Z28d 3 E Hx)

A 2=l COP: 3.0 - 3.5, ~/|=%l EER: 11.6 - 135

-Hazleton St. Joseph Medical Center, ¢

227 A): Freeland, Luzerne County, -]y o}5

ZAE e A4 6500 ft', 44 4 £4: 151,500 Btu/hr

A)E EEE A" e B ool F] 3 EHE U AA
(5 RT 24, 7.5 RT 14D

b67e] HeEg Zh2b 220 ft de]l2 A=),

& do] 3100 ft, 27 15" ¢ &gzl gto]i AR,
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2. 444 Al#(residential cases) (A%

‘Wildlife Center of Verginia, 45 4l

-ftXH A Wayneshoro, & Yol
AE 7)&: 5700 ft?

A" 71Q8: 4 RT 94¥9= #4 2d), 5 RT g94¥€= {4 (@2
), & 18 RT. & o] 11530 fte] Zg]ogzl Ho]|ZE &
27 (slinky) w2l oz 3+, 2500 fte] Ezlx (trench) %
4.

A 29 dgux gE dld S $43,000,

%5'_ 7] 4 =] $16,000

D{H ln

A

‘The Galt House East Hotel, 3 &

27 A Louisville, # & 7] 5

Z1E 7)9: 870,000 ft°, 6007§2] 4, 100 7}72] ojutE, 71
2] BoiAE= 4.

A28 Qe F 4500 RT, 2# 8 24 o|& A =€, 4719
Hol&ZE Z7; 130 ft Qo2 HA

4 W 2500082 oz A&}

F7) 49 ggzel umAl A7k CO, 1809 7& SO,
44,000 &=, NO, 33,000 &= 281 5500 J+°c4
oA Rx] Az &3 g,

‘The Prairie Electric, A4

A7 A Vancouver, ¢4 &3

AE M AAEA 25000 ft', AFAD FnE FA.

Al 2E 7 e
- A5y EF57(AH) o8 AE 4
- % Zo] 9000 fte] ol Es AF
- 2tle] 6 RT 9HE {4 AE-.

HIE A 2H
A2 AL

Blue River Resort, FFoFA4
=7 %] British Columbia
28 7)a: 39600 ft', A RBof Hel AU T4

N 2H R
- AHE 57 AFE o]& AE dgT A"
- 23de] 9EH=E {49 A=A (F 103 RT)
- 34709 BojFS 747t 200 ft Zo|E A3
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3. 8 A} (school building cases)

Neff Elementary School

47 #]: Lancaster, 324 u|1]o}5

ZAE e 94 148530 ft’e] 23 AE.

Al 2~ A an
- 14070 9] Boj&& 247 288 ft Zol2 47
- 350 RT 48

A 29 $2,033,268

‘Onamia Elementary School
227 #): Onamia, V)A€
AE J)Q: 78,000 ft©
A=) R
- 2 Ay Alxd
- % 193 RT &% (53719 €HxE {4)
- 50702] Hol&ES 747} 560 ft dolz A3
- AF dungr] i dug fAe % 400 gpm

4. FF71% Ald(government facilities)

‘Northwest Louisiana Juvenile Detention Center
A=A A Coushatta, 4 ¢j}5
AE e & ©A 14993 ft’
=L R <X
- 73 49y g ggE A2H
- % 34 RT9] 483
- 44702] Hol&E 7}z} 250 ft dol&2 X,

:Clark County PUD Headquarters

A=A A Vancouver, #4153

ZAE 7H8: 32,000 ft' WHe FAES F=dHY sAA 2,300
ft* H2o] 3o o] ¥ APz A2l HE

1}
;."r':i 1o S

| | .' - 71%E A4 o] 8 A2 (open-loop water well)
& A=u): 11,6008
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Alaska California Hawaii Nevada Utah
I R B R E———————————
400 KW 2,492 MW 35 MW 276 MW 26 MW

s Z7#]: Geothermal Energy Association

o H=o] A, 19907 deAu o, sl 5 el = A
Her, 1999d=E 7|02 oF 359 tlo] A4 A7t AAd Ao 4
Hx A z=H F, Ao 46%, THHS 38% 1E]aL

H.ovls o A A &

W Good - Excallent
Fair - Mederale
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6 km Depth Temperatures

a9 2-56. 1= ] X3} 6km AEo|AY & B

Atk At 715 BN FE ABWg] A9 GPE 29 Bk
. vl el doks AeH 54 A Aueke) A9 GHE B slEe

Atk B oszo] ASEAY ABS nastel HERos Fgatu
glov], o] ABel A AHLE UX|sko] LA At oF 21%¢] olUiA A7
anE Biths Bk Q. Akl A GRL 2w F2 vh sk

SEH R ol AR S5

Aurte] A dE=Z AL 20009 HHE 10 ~ 15% H&=2 S7ksF Zlow
ZAE QL AE IdFE A AEL oF 36,000 (435MWe )7 A X ¥ 9] oH o]

H | =
&3l 2004714 wihd oF 6009 RF kWh(2,160 TJ/d)e] o= &3t oF 20%F
]

o}
= 2A7IA viEs &9

QoA 23 WS FHOR DL o] 85I 9. B AYE AT &
U5E Alshs wHe] Qo D GRL A2YS Ao X2IRL A
Asgon, o Tl wet wEE 4D ARL B, BAW, A 5 TF

1518 (9F80%/m)o] A|d FHZ A2F Hgo] 7P &

e,
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K3
X
ki
i3
=8
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o] 357 .
o5 dYo R A o] §3tAY ATl A H|skge
Az=E A5 Sl digh A7) o]Fo XA

o Jio] Ad EHE A|~Fo] E90H AL g9t
29E Ay P2 Teo] waEd yagA A &
Rom, g A AiEe] UHH L U
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| —
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(Ca!unlaiiuns are carried out. Then right window is displayed

//" {2} Output windows

F s year's rmaall |
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Electric heater Expansion

0V~220V
O0~45KW) /i

Air Valve

Baking finish steel

(=
&
Power  Circulation  Data logger L
meter pump
Pt-100 Sensor 300
Flow meter Weight:about 60kg
(@ E&F N@&A Wy 74 (b) 35 Ad&A o g =27

% 2-58. dENAM AZH A F AALEE FH AH|

- Compressor:
1.5 HP scroll type

- Variable speed control
by an Inverter

- Refrigerant: R410A

- Maximum heating out put:
6.3kW (0°C - 35°C)

- HEXs: Blazing Plate Type

- Two expansion tanks and
two DC-blushless
circulation pumps are
included in a body

- Remote controller

((,‘.,Jxﬂ“"“ﬂf%} - Natural cooling circulation

7 3
© Copy right, 2005 Prof. Katsunori Nagano, Hokkaido University, Sapporo, Japan

FOUNID W%

a8 2-59. AddelA A oiF Aikd A AE &Y

o
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Schematic diagram PV panel

Integrated with roof panel (6k\W)

[T I ST _

|P0wer generatorl

([T ,
[T T T FHl i |

T r . e
! entilatior

Imiﬁ i ivsany

=

i leating and cc 1
il I —|

—

Air source Ground source heat pump
CO. heat pump : ;aglgslPOT, GSHP1Q?h1
= COMPressor wi
Mi inverter control
& CORONA. ¢ Ground heat exchanger
CHPG0BK - 2 boreholes
- 100 m deep

% 460L storage tank e
- indirect heat exchange

Heat recovery ’\

with heat exchanger

4 STIEBEL, LWZ-161
4 Pre-heated (winter) or pre-
cooled (summer) by earth

tube

by single U-tubes
# Floor heating or FCU j

- 50 m long
- 1.55 m deep
\- made of 2004 plastic pipj
10

a7 2-60. AolyA FE =

HO
e

Conventional system

Heat pump

Proposed GSHP

Secondary side:
water based

Primary side:

Borehole or foundation piles

(@) F& AW
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Secondary side:
water based




| Semi cold Mocerate Wafim|

Conventional system

Air source split room
air-conditioner:

.-’_ D split HP

— |
B ==
|
Secondary side: Secondary side:
air based air or water based

Primary side:
Borehole or foundation piles

(h) 2384} o A9

« dEANM= oUA Heft SFES Aol amE Wby dRjE Hsto]
A FEEZ ALY ARG A ARt glew, ofo wEl HaEl A5
A AAEAE Holal . of7]ol A4 FFEZ AAES AR A5, AAn]e]
2 Ay B4 Alas diellae A AAE AR By 22O A9
Stal Q=

Ao} B|EFZ Aol A GSH Al=gle) Hi&s

180

—_ = =
o O ]
1 1 1 L

g ] assume 5% installaion for

new house constructions \

Unit: 1,000 installations

o9 2-62. QR A AP ALY WF B

A RH, 1980 el 30%
82%°) ol& Ao 7 eV
_]

[e)
Su) Xt} 19961390 += 78%, 18]al 200239 +=
ol 473719 B3l B3}

A #)0] 2001-20023 AAZ Al <7 AA 2
GSHP Al=®le] suji= F718b7] 2 3192
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= ] %% % Uv‘—— o] [] AA
L, o5 1990t TRk fHAskdls. o= = 7ol thA] fHAEksily]
%

AA = FAH AL

9000

8000 = Air
O Water
7000 B Ground

1562 1526

6000 1439
1238
5000
647 774

4000
37

5360

564 5415

Number of units

3000

518 408
3156

2000 -

1000

1996 1997 1998 1999 2000 2001 2002

29 2-63. HU9 9 A dPZ ) U5

o,

2005:
GSHP comprise 72,7 % of all
E00D heat pumps

13250
B Groundwater

500
@ Ground r

7349

s 3730 EEs |
2089

258 541 Al2" T)E s
Ao 5 XT3 FHATANAE 20023 =5 EVIAC
(Electric Vehicle Inductive Automatic Charging)ES A 3ste] A7) A}&x 2

Ao 282 F e 7= FAVes ¥ s s
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C S G QYT AT
90

|
79 10,007 unit)ol ©]
Q‘ =

10,007 RT(1 unit/RTY

=
23 %) , 1A 100% o) g9 w43 A Holar 9l
L SHAINE ] WA s Al A 2] vl oFF] n|v|dk .
¥ 2—-15. YE5-F2Ae =2 Al R
(] B-Ho), 24-¢2)
T 2001d 20024 2003d 2004 20054
=% 46,300 44 847 62,019 71,024 72,878
B 5324
=4 76,540 77,380 76,340 90,450 132,565
22 FFYFTEE 2006 SAED.
o rule] g dFEE AL A7 WSGAAE ) AL ERAAA ) AFYATA SO
T2 BREEAs. o8t A5 AA ¥ &= 10RT o)de] sUld €3>+ F4
Wk ol g)l A FEo] tlFEs AL el oEs oy, HE UloA Al

- 107 -

[} KN
PIS=1
« TS AE FEE AP v=, Y, A 5o A=) valgls o, A
A MEYA =27 vlg- oFs A
« o= Ak T Fo HAOE AFEe Aleohs PAERE oy ER
TEw Ales gk §AF 5249 Ay | A SAE AR el 4
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Brazed HX Al e onditlong Refrigerator
Qil Sep.

| =
TS
Muttler
f =M =2 F % .“I Shuw case l
Groove fube &xial fan ! Ratary H

Tram‘.:e -recl

& Multi System
' == HeatFlecovery
) i Reguperator o=
Filter dryer ACR fube  Ducted fan

 —
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Fan motor bush
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e <
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( el n :Check Y
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HVAC-H -—} 5 — e
\)_ 123 248 dyms T AL EUE

29 2-85. el A JiEE 50w IHE BE H57)
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CHHIE: XJ] 0.2kWh + XI2 0.8KkWh >

(HEIHRE D
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=ALH ATH|/HY R

- JIEL S

Hot water~~
tank

Low-temperature
underiloor heating

Heal pump

-BIEED
eat Pump === . Ldl A
Heat Pump % fl;lilzc
o " o
= (&)

- Borshole
heal exchanger

Compressor
Source Side Load Side

Heat Exchanger Heat Exchanger

a9 2-90. AE W A]j2HEHO] Jd e

Cooling

Heat Exchanger Compressor Heat Exchanger

a% 2-91. AE W A=Ee A=
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Au7E AF (7]1F o8] 20~40% A7)

@ 171 AJ=slell A ey
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@ ¥ Eo] AL §l REH A28 (EPH 47k u
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=Polyethylene Pipes]

=HDPE pipes

FA7E e

1

=
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71E A
AlgH7E a7b (718 tib] 50—-100% A+<5)
- 113 -

@O AAZ o] 74 AlF3(bore hole) =2t

=\/ertical Closed Ground Heat Exchanger

=(100~200 m)




o
of
g
I
kY
o
(m
o
(o

@ Ed " (tremie)




® =& 9 o

r @ AleH] A9

- 43

@ B FE v
]
@ =

whs

A

Al

)AH

A A

- 115 -



=Horizontal Closed

- 116 -



- 117 -



@ Texas White House :

10-acre
lake

millicn to
$2 million

— Vertical Loop

— =2} Zlo] 100m

— 24 47), 372m® A&
— A7} 25% oA Azt

@ Empire State Building :

> =4
— 102% 381m

— Water—Source loop

— =2} Zlo] 457m

— 20 ton S|E FE 157A%] (1997.12)
— #4714 6,040m”
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Air Breeze
. 750KW & -
H] 2l B o1 Aero A% (Southwest) H] 3L
(F4y) -
A| 35
Wb 8- 750KW 1.8KW 500W A=Y 7|+
Td £ U5 1o 4174 1,500t) AAE=H 7+
AL 97 | 100,0009HY | 2,000 2009+ A=Y 7|+
ol gek MAH|-L| 100,000+ | 834,0009H 300,0009H | AA=H 7]+
A 2] H] 8-t _
- 1335HA/KW | 1,1115+/KW | 40094/KW | A A=Y 7+

7} 1 1) KTX & o B34 =& © 5 ~ l4m/sec
2) KTX 3t o SIA S5 FA AIZH : 10 sec
3) 2t 2y FE HHE7] 100% <4 74 =4

=~
—
<
—
=
oft
B=)
>
i3
2
ofo
ol
X
N
B
>
o
[l

1.8 KW/hr X 10 sec
= 5W/hr

A7 & KTX 49 3 7}4 A : 5W/hr X 4 = 20W/hr
e TR 7T50KWH wAdd FHS wdety] s BRad Aero Al 2
A7) g4 ¢ 750KW/20W = 37,500TH

——————— 712 : 7,500994 (7509])

— Air Breeze(Southwest) A& (F£H=) :

KTX 19 &3 A] @ (FAE&H) <X (AFAZH) = 0.5 KW/hr X 10 sec
= 1.4W/hr

AIZE & KTX 49 &3 7F4A] @ 1.4W/hr X 4 = 5.6W/hr
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22,6799 (2684)
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20304
2,000
14,000

2025
3,000
12,000

S}
= .
9,000

4,000

AR = 2015d% 7FA] Al A Ao
2020

o]

.
=o] 1z}
20154
4,000
5,000
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%2 1,335m”/GWh, A& 3,642m°/GWh, e} %

824
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o 3561m?/GWh, B]S32A 3.237m*/GWhEA 84 o] 714 2ke WM
S Fdg 7 3

ZHRHde =2 Xi%ﬁﬂrl% nj9- AA IMWH Z3894d7] 1gi7F 1d
2G 00% — 1,000=9] Aets A

s
5o, o}%uwv(soz)t b oF 2,65, absk=(NOx)= 1.3%, 9
2 a

b, spaAdsel o3k A AL Aol Hlste] FHAH AHYA WH S
olfF TlEde M wiEshA] forw, AAG val A FeEd A7
H]G2 EFA Aok & Zolnt. o] 3 Blg& 9| FH|E (extra cost) °o]taL

3 3-12 99 debd 200399 &FHE (3HEH]-E, extra cost)9] H]aL
£ €cents/kWh= UERY.

¥ 2-19. $9 ool U o gle] 9)5ug i (€cents/kWh)

Uet | Ae/aw | Ew | A§ | Tt 3 |Biomass| ¥ | ¥
W7lol | 4 — 15 1 -2 05

Aol | 4 - 7 2 -3 1 0.1
~mel | 5 -8 1 -2 3-5 0.2
Ad= | 2 -4 (2 -5 1

ZH | 7 - 10 8§ — 112 -4 0.3 1 1

=g 5-38 3-5 1 0 - 08 1 0.25
o] etg] o} 3-6|2-3 0.3
ygad=| 3 -4 1-21] 07 0.5
w2 9ol 1 -2 0.2 0.2 |0-0.25
29d | 2 - 4 0.3 | 0-0.7

g | 4 - 7 3-5[1-2] 025 1 0.15
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Aol ARG, S Az A AR S TN ST oS
of et Fel A9 27 ~ 47 A% w]go] .

42 993 (European Commission)= CO2 HlE9 7+=<S CO2 EY €16
~ €264 Aolgtal d Sl o, =1 HAg-= o]Ht; EX =2 €497 4

-
=3t

ol 20203 2] w7}
€cents/kWh
Bl & 15 — 24
TS 2.3 — 3.8
e Rk s 3 - 45
A= 3.8 — 6
%4 45 — 9
44 (CO2 A7) 45 — 6.8
AR 45 — 6
R g 3 - 35
Coal gasification 4.5 — 5.3

|
Al =, O}ﬂ”ﬂﬂ(soz)t A7F ¢k 268, AAAEE(NOx)E= 1.3, oAk
FHEFA(CO2)E 1,700, Ragize
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AAH = F7HA Y 297 AU+
& 2-21. oy AE @l @rb vl (cents/kWh)
Ky 9 g | oY B ks | hEd

Cost, per kwh 3—10 10-20 8—16 3—10

Payback, years 12—-30 20—30 10—13 6—12
Reliable X X O O
Clean O O X O
by : : © ©
Low maintenance cost X X x O

w Z=2] 0 o]~k o]x=9}Hl A} (www.innowattech.co.il)

4. A% AAZANIA A/AAE(B/C) &4

7h it QAL AR AE A 24

C @A AAANIA A g ADE D A}

0 FFGA 2 ALYA Bade ¥ AAMUA 2§ PR

W AU A HAAEZ(2008E 7))

— 1,140,000 ¥/kW (20083 A GAF3HE-AMH])
— 1,441,000 ¥/m’' (20081 EF=H=H])

= 6,909,336,773 ¥
- AAQBAIAFTAHE ¢ 6,909,336,773 ¥ x  5%(BAHYFAE) =
345,466,838.6 ¢
— AN A] AFEEF ¢ 345,466,838.6 Y = 1,140,000 D/kW = 303 kW
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AL GAHEA B A
A% A

+ 516.04 x 1,441,000 x 0.7 x 0.6 =

AL Y ol U A] 5 AL
469,530,886.4 ¢

ANA AmA

:10,516.04m’")
© 5,000 x 1,441,000 x 0.7 + 5,000 x 1,441,000 x 0.7 x 0.8
9,390,617,729 ¢

9,390,617,729 ¥ x

5%(HHFALY) =

— AN IA AR 469,530,886.4 Y + 1,140,000 YU/kW = 412 kW
B 379 (At s9a£5dE 20149 o] 48 o4F)
T H 2 8HKW) A8 25HKW) H| & (K| /% X|*100)% Cljn]
516.06 303 58.7 | X492 H
B 4392 (A s9aE5dE 20149 o] % A8 o)
A 2 8HKW) A2 2 5HKW) H| & (K| & /% X|*100)% H| 2
720.23 412 57.2 | FA2o2AH
B TF9A AABANGA A& A BAE &4
D> FFGAL AN A AL AAA :

— AAAGANA A
— AA AN A
— @A A A ()
— AAAAIA 19 A AHH§

(Al #€])

— A A A B 713
webd FFare] AAANA A

303 kW
0 3.5 9¢
601/kWh
: 303kW x 24h x 601/kWh = 436,320¢

3.5919 + 436,320 = 792¢ =~ 24
2d el AAAdqA] HAH] &S

%

g% 8 5 9e.

W A5
> A9

A AARNEA g A AAE B

A AARAIA Age] AAA :
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— AN AA AR 412 kW

— AAA AT A DA H]E
- aA T A S (A8
— AAAZANHA 1L AFE A
(Al Al<])
— Al A A

w2}

AXxnlg B

-

4.7 49
(AFd8) 60U /kWh

£ 0 412kW x 24h x 60¥Y/kWh = 593,280¢

44 717F 1 4.7
AS A= AR HA|

1+ 593,2809 = 7929 = 24
23 ol A HX]H]-E

PN
T M

ol o
=

0 $48 9A 2edg 9 AN A A& FAE

B 539 94 F3aA

1. A A

e a4 o A Y-t st Al
(m*) (kcal/h) (kcal/h)

Z3A 1259.8 188,970.0 1561,176.0
o erd 600.0 90,000.0 72,000.0
o o ot &4 (Zof el 2 5t 184.2 27,630.0 22,104.0
j?Hl moret 35.7 5,355.0 4,284.0
o A= FHaea 35.7 5,355.0 4,284.0
HYAI M (EOfAlH) 59.5 8,925.0 7,140.0
T™™O 157.4 23,610.0 18,888.0
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18

Mo

|-E|
1A

3;»

e

kcal/h)

0%

—

o

P

ol

=]
T

(kcal/h)

30.6

4,590.0

3,672.0

48.2

7,230.0

5,784.0

102.3

15,345.0

12,276.0

23.5

3,5625.0

2,820.0

17.0

2,550.0

2,040.0

45.4

6,810.0

5,448.0

111.2

16,680.0

13,344.0

30.0

4,500.0

3,600.0

> 40 12

20.1

3,015.0

2,412.0

Il

48.2

7,230.0

5,784.0

25.5

3,825.0

3,060.0

35.0

5,250.0

4,200.0

58.3

8,745.0

6,996.0

43.2

6,480.0

5,184.0

33.1

4,965.0

3,972.0

10.1

1,5615.0

1,212.0

33.6

5,040.0

4,032.0
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3. AL A

Ege N o HA L F 5t 5t ul
(m*) (kcal/h) (kcal/h)
AT 4 34.0 5,100.0 4,080.0
A () 24.7 3,705.0 2,964.0
EHA(H) 24.7 3,705.0 2,964.0
A, T 11.4 1,710.0 1,368.0
StEA(H) 7.2 1,080.0 864.0
&7 _
AFS] A A (H) 3.6 540.0 432.0
Aol 4 7.1 1,065.0 852.0
stel 4 27.1 4,065.0 3,252.0
el 61.1 9,165.0 7,332.0
EGATH 51.7 7,755.0 6,204.0
“HAA 18.5 2,775.0 2,220.0

- 131 -




|-E|
1A

3»

0%

—

40 5t

kcal/h)

et

ol

t

=
T

(kcal/h)

ofm o
> H

35.1

5,265.0

4,212.0

24.7

3,705.0

2,964.0

24.7

3,705.0

2,964.0

1,665.0

1,332.0

7.2

1,080.0

864.0

3.6

540.0

432.0

7.4

1,110.0

888.0

63.6

9,540.0

7,632.0

61.1

9,165.0

7,332.0

7,755.0

6,204.0

20.0

3,000.0

2,400.0
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o1 o 25} a2 5}
T = 4 o
() (keal/h) (kcal/h)
At 4 27.9 4,185.0 3,348.0
HA(H) 24.7 3,705.0 2,964.0
HA (%) 24.7 3,705.0 2,964.0
g, = 10.8 1,620.0 1,296.0
shEA () 7.2 1,080.0 864.0
HE
A o1 A (o) 3.6 540.0 432.0
NS
4ol 7.1 1,065.0 852.0
3|94 29.3 4,395.0 3,516.0
s 61.1 9,165.0 7,332.0
EFAF4A 48.7 7,305.0 5,844.0
“@Ad 16.7 2,505.0 2,004.0
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o g o1 st Lol
(m?) (kcal/h) (kcal/h)
MDA 36.6 5.490.0 4.392.0
24 () 24.7 3.705.0 2.964.0
24 (04) 24.7 3.705.0 2.964.0
Mg,z 18.0 2.700.0 2.160.0
ShAHA () 7.6 1.140.0 912.0
A
A< S} AFAl () 3.6 540.0 432.0
AP A
74| Al 11.3 1.695.0 1.356.0
3o Al 27 1 4.065.0 3.252.0
x| Al 61.1 9.165.0 7.332.0
Lo AR A 51.7 7.755.0 6.204.0
ZESIRIEIPY 18.9 2.835.0 2.268.0
o 4 o o1 ot EETEE
(m?) (kcal/h) (kcal/h)
ABA 30.2 4.830.0 3.864.0
PN = = 32.0 4.800.0 3.840.0
ShAAl 8.5 1.275.0 1.020.0
o y s o1 sy st
(m*) (kcal/n) (kcal/n)
HEZ eSTSPY 55.5 8.325.0 6.660.0
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- o g o =E EREE] ErTE e
(m*) (kcal/n) (kcal/n)
s H O 7| HEAl 198 29,700.0 23,760.0
ore AHY R A 216 32.400.0 25.920.0
B2 2K
O;_;g Y 108.9 16,335.0 13.068.0
T & | of HhAl 194 4 29.160.0 23,328.0
B 542 A AAABANUA(XE) F8 715 AHZF
1. XA
1B =] rES
7w 4w et et wgge | o on
(kcal/h) (kcal/h)
2aA 188.970.0 151.176.0 27| x35}7|
CH 8ol 90,000.0 72,000.0 | XNYs|EH=
74 B &AL (RO 1 3 ) 27.630.0 22.104.0 7| 7|
2 Sotgt 5,355.0 4,284.0 | XY EHZ
Al SAE F2A 5,355.0 4,284.0 | XNYs|EH =
A
= QI A| A (ZHY A] ) 8,925.0 7,140.0 | XY EEHZ
TMO 23.610.0 18,888.0 | X¥s|EH=
B 349,845 279,876
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. GEAA
S 4 o 4 HhR S5} het ot S -
(kcal/h) (kcal/h)
0y 74 4,590.0 3,672.0 AEs EHZ
A 7,230.0 5,784.0 AEs EH=
AFA 15,345.0 12,276.0 AEs EHZ
T ArA 3,525.0 2,820.0 AEs EH=
DHYEA 2,550.0 2,040.0 XNES|EH=
A 6,810.0 5,448.0 HI1eE |
FUA(EA) 16,680.0 13,344.0 AEs EH=
o= A3 oA 4,500.0 3,600.0 XNES|EH=
F Ag 8 F 3,015.0 2,412.0 AEs EH=
Al 97| 4 7,230.0 5,784.0 | XS EH=
e SESH A (U MEL) 3,825.0 3,060.0 XES|EH=
MMz 4 5,250.0 4,200.0 AEs EHZ
M oA 8,745.0 6,996.0 AEs EHZ
+E54 6,480.0 5,184.0 AEs EH=
STEAR4 4,965.0 3,972.0 AEs EHZ
SERM7|4 1,515.0 1,212.0 AEs EHZ
SURAA 5,040.0 4,032.0 AEs| EHZ
Al 107,295 85,836
T il i Al H) &
A< 240,540 192,432 432,972 52.7
A uk 216600 173,280 389,880 47.3
Al 457,140 365,712 822,852
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3. APAA
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ki




HI

upe 51

kcal/h)

0%

—

et

ol

f

=
T

(kcal/h)

5,265.0

4,212.0

3,705.0

2,964.0

3,705.0

2,964.0

1,665.0

1,332.0

1,080.0

864.0

ofm o

= H

540.0

432.0

>

<

1A

1,110.0

888.0

9,540.0

7,632.0

9,165.0

7,332.0

7,755.0

6,204.0

3,000.0

2,400.0
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i 5

kcal/h)

0%

—

=Y

ol

f

=
T

(kcal/h)

M=

A O

At A

4,185.0

3,348.0

3,705.0

2,964.0

3,705.0

2,964.0

1,620.0

1,296.0

1,080.0

864.0

540.0

432.0

1,065.0

852.0

4,395.0

3,516.0

9,165.0

7,332.0

7,305.0

5,844.0

2,505.0

2,004.0
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HI

mx

QR
B

A
IR
|

g5 5t 55t

(kcal/h) (kcal/h)
5,490.0 4,392.0
3,705.0 2,964.0
3,705.0 2,964.0
2,700.0 2,160.0
1,140.0 912.0
540.0 432.0
1,695.0 1,356.0
4,065.0 3,252.0
9,165.0 7,332.0
7,755.0 6,204.0
2,835.0 2,268.0

A LT ot e F 5t

(kcal/h) (kcal/h)
4,830.0 3,864.0
4,800.0 3,840.0
1,275.0 1,020.0

LT St g5t

(kcal/h) (kcal/h)
8,325.0 6,660.0
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oo - SREL iy 5 S
(kcal/h) (kcal/h)
NP 5,580.0 4.464 .0
E A () 3.705.0 2,964.0 | MI|G|EHZ
E A (0f) 3.705.0 2,964.0 | MI|IG|EHZ
b Algt Zat 1,590.0 1,272.0
NS EN oAl 990.0 792.0
(Zerd) 3|9 A 4,455.0 3.564.0
x| Al 9,870.0 7,896.0 | ®MI|B|EH=
AR A 8,460.0 6,768.0 | MI|5|EH=
ZEN A 2 835.0 0268.0 | MIlslEm =
5o - oy ot by} L
(kcal/h) (kcal/h)
AR 5,265.0 42120 | ®M75lEH=
s PLE=IPN 1,110.0 888.0 | MI|GlEHZ
2 Algh za} 1,665.0 1,332.0
()
ZEA A 3,000.0 2.400.0
AR A 7,620.0 6,096.0
- - oy ot by} S
(kcal/n) (kcal/h)
Az A AR 5,370.0 4,296.0 | MI|5|EHZ
(2eHd) 3] 0| Al 3,705.0 2,964.0
- o y = SR b2} L
(kcal/h) (kcal/h)
ANEA 7,050.0 5,640.0 | MI|B|EH=
Al R of A, 2,655.0 2,124.0
24 74 0| Al 1,575.0 1,260.0 | ®7|s|lET =
(k) NEXNZ DS 10,860.0 8.688.0
ZEN A 3,360.0 2688.0 | MIlslEm =
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Ho

Rl

ofY
-
40

>

10

tol

ne

L 4o

x b

H

A

mx | x| =

Nz
0H

el
40
|

A
)

H>

D!
1K
>

|
0F

>~
40
iz

il
e
uf]
o
ﬂ
10

r

ne
T
rx

~

r
H>
A
> | mx

1
e
>

Nz
0g

>

4| 4o

H>

= | x| >

10

tol

12
I?
>

Mz
0F

>

40

10
> | Wz

tol

A5 5t Y F St
(kcal/h) (kcal/h)
4,095.0 3,276.0
4,095.0 3,276.0
3,705.0 2,964.0
g5 5t RSt
(kcal/h) (kcal/h)
4,095.0 3,276.0
3,705.0 2,964.0
7,050.0 5,640.0
g5 5t RSt
(kcal/h) (kcal/h)
4,095.0 3,276.0
3,240.0 2,592.0
3,705.0 2,964.0
6,195.0 4,956.0
A 55t St
(kcal/h) (kcal/h)
4,095.0 3,276.0
3,705.0 2,964.0
3,240.0 2,592.0
5,640.0 4,512.0
A5 5t Y F St
(kcal/h) (kcal/h)
7,620.0 6,096.0
4,230.0 3,384.0
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4 4 3y} e B
(kcal/h) (kcal/h)
SESPN 10,800.0 8,640.0
AR 28,200.0 22,560.0
2 OF A} Ehti| A 6,750.0 5,400.0
SRS SAA 36,750.0 29,400.0
T2 H of g 72,000.0 57,600.0
SER N 69,000.0 50,400.0
a0 W uEE) sl o
(kcal/h) (kcal/h)
SE=RI[S TN 46,335.0 37,068.0
SAA 20,475.0 16,380.0
RSP 1,950.0 1,560.0
4 u st E] B
(kcal/h) (kcal/h)
o QL 7| Bl 29,700.0 23,760.0 | 7| X 0flo{ 7
oo SHi g 32,400.0 25,920.0 | 7| X007
il SMA 16,335.0 13,068.0 | I{7|X0f0{Zd
= HE A ofEHA 29,160.0 23,328.0 | 7| X ofo{A
B 4 u st ErE] B
(kcal/h) (kcal/h)
e QL[ BHAl 29,700.0 23,760.0 | 7| X|0flo{
= ot g 32,400.0 25,920.0 | m7IX 0o}
- ENN 16,335.0 13,068.0 | 7| x|ofof7d
FSEpS IR, 29,160.0 23,328.0 | I7|X|0flo{
4 u 3yt ] B
(kcal/h) (kcal/h)
QL[ BHAl 32,400.0 25,920.0 | 7| X|0flo{
S ESEIPN, 35,100.0 28,080.0 | I§7|X|oflo{
SAA 17,820.0 14,256.0 | 1{7|X|of|of#
FSEPS PN, 31,590.0 25,272.0 | I§7|X|oflo{
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e e
78 A w e e Q44E | W@
(kcal/h) (kcal/h)
o o 07| HHAl 29.700.0 23.760.0 | H7|X 007
ore 2 HYH A 32.400.0 £5,920.0 | I{7|X|0f|o{Z
PR
en EDYPN, 16.335.0 13,068.0 | Tj7|X0f0{Z
= HEH of HhAl 29.160.0 23,328.0 | 7| X0 0{7
- SUuSAE AT} Be WY 2 AALNIA He 23 FF -
B 3FEA (A7 SRREAE 20144 o F A8 A4
K| & 5FHkW) X| €N &2 5HKW) H| & (X| &/ X|*100)% B/C
516.06 303 sg7| =M
‘ MR

B Ao (A7 SHRSAT 20149 ol AL o)

R 2 BHKW) XYM BELHKW) | HIZ(XIL/HH100)% B/C
720.23 412 57.2 2a W
' | gy s

B 394 (A 3gaHEE 20149 o] F HE 9)

NSkt | RGNBReHkalh) | HIBRIY/EAT00% | B/C
822,852 432,972 52.6 28 U
' ’ O] anw a4

U SAAE 2 sFAAL AR LA AL AlA FHA

c @A) AAANIA g AR A DR}

O 9" Ashd 234 A<E 2

=

¢, HFF AAANHIA AE A -

B QE A 234 27709AF (2170 A3 ALE, 670 A ZHAH

AAn] 2% 14 64999 / 277094}
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— b g AFFA] : o g9l / 17} 9
~ AG Ag Tz AR, TS WY (572, TEe] W A9)
_]

— AN ARFAE] ¢ F 5 ~ 79 (5% HAFAE

— AR AR 0 oF 10RT = 30,240kcal/h = F T o]
20~30%

(% 1RT = 3,024kcal/h)

O MEvER A AABANTA AE 7FHeA (AsHrE ©18)

30
O1xH= &)
25 ) )
2% W2XHO{EH)
22 22
21
20.5 .
20 | 19 19 19
18 18 18
5 16
< 15
o 15 T 14 14, 14,
13 13 13
< 12, i
10 |
5
o L
Mg et ey @A =® Z2b Ag Zecds =@ g®  oouR =M

Y 2-94, BAEE AD (ASGEF) ¥ oF e

CEZER LR

HH|F3HkW) x| EH-EF5Hkw) H| = (K| 2/7 M| *100)% B/C

1501.32 437.16 29.1 213 L dXH] 2|4

@ AAFs} P 7|E
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o E5Hkw) 22 kW]
L Hp 350.66
Lia} 86.50
DA =HE X YHf™EHLL) 76.08
257 =EHE XU EHL2) 72.93
HAIE MYH EE 1= A AA) 34.50
157 S3HL Q| X EHPL) 283.45
P1-2 =38 16.00
22 58 MYHIHEHP2) 276.60
HOIAIE X H ™ EHP2) 33.00
S MAE MYBIHEE A=A AA]) 257.80
S HAE MYBIHEE A=A AA]) 13.80
UNIT
sH 1,501.32
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ok

o=
"

ol
Lol

o | HMERE| SEKW] 27 ]
4P 400AF/300AT 155.00 CV 60mm’/1C*4L, EIV 14mm
4P 400AF/300AT 149.00 CV 60mm’/1C*4L, EIV 14mm
4P 100AF/50AT 19.76 CV 8mm/1C*4L, EIV 5.5mm’
4P 100AF/75AT 26.90 CV 8mm/1C*4L, EIV 5.5mm’
350.66
i 23}
o | HjM BRI S W] M7 nl
4P 100AF/40AT 20.00 CV 14mm’/1C*4L, EIV 5.5mm
4P S0AF/400AT 22.00 CV 5.5mm/1C*4L, EIV 5.5m’
4P 50AF/50AT 8.10 CV 5.5mm’/1C*4L, EIV 5.5mm’
4P S50AF/40AT 15.00 CV 8mm/1C*4L, EIV 5.5mmw
4P S50AF/40AT 21.40 CV 8mm/1C*4L, EIV 5.5mm’
86.50
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At | ¥ |8y M7
3P225AF/200AT L-1-A 711 CV 5.5mmw/1C*3, EIV 5.5mn’
3P100AF/40AT L-2-A 1468 CV 5.5mm/1C*3, EIV 5.5mn’
3P100AF/50AT L-3-A 17.82| CV 14m/1C*3, EIV 5.5mn’
3P100AF/50AT L-4-A 1478 CV 14mw/1C*3, EIV 5.5mm’
3P100AF/30AT L-5-A 4.8/ CV 5.5mm/1C*3, EIV 5.5mm’
3P100AF/30AT L-6-A 497, CV 5.5mm/1C*3, EIV 5.5mr
3P100AF/30AT L-7-A 5.22| CV 5.5mm’/1C*3, EIV 5.5mr
3P100AF/30AT L-8-A 6.7/ CV 5.5m’/1C*3, EIV 5.5mmw
2] A 76.08
=% A Hnk(L2)
LESR=SN =] C kW] 2t
3P100AF/50AT L-1-B 826/ CV 5.5mm/1C*3, EIV 5.5mn’
3P100AF/50AT L-2-B 1264/ CV 8.0m/1C*3, EIV 5.5mn’
3P100AF/50AT L-3-B 1112  CV 14m/1C*3, EIV 5.5mn’
3P100AF/50AT L-4-B 17.32|  CV 14m/1C*3, EIV 5.5mn’
3P100AF/50AT L-5-B 56| CV 5.5mm/1C*3, EIV 5.5mr
3P100AF/50AT L-6-B 6.08| CV 5.5mm/1C*3, EIV 5.5mn’
3P100AF/50AT L-7-B 6.07 CV 5.5mm’/1C*3, EIV 5.5mn’
3P100AF/30AT L-8-B 5.84| CV 5.5mm’/1C*3, EIV 5.5mmw
e A 72.93
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> =8 S AR (12A ZAD

oW | BN BAIE] 28 3| 8TKW) 27 4 3
1 3P 100AF/ 40AT HMI|A 8.50| CV 8.0mm/1C*3L, EIV 5.5mmw
2 3P 100AF/ 40AT Hi= Al 10.00{ CV 8.0mm/1C*3L, EIV 5.5mm’
3 3P 100AF/ 40AT SMIIAA 10.00{ CV 8.0mm’/1C*3L, EIV 5.5mm’
4 3P 100AF/ 30AT HIKNE 500 CV 8.0mm/1C*3L, EIV 5.5mm
5 3P 100AF/ 30AT AHEXxY 1.00] CV 8.0mm’/1C*3L, EIV 5.5mm’
ot Al 34.50
> 157 554 AulAnk(Pl)
ot xHEE) £ % ¥ | 8TKW 2 B 3
1 4P 400AF/ 300AT QM=EST|A 152.70| CV 150mm/1C*4L, EIV 22mw’
2 4P 100AF/ 50AT SEIIA 6.60| CV 5.5mm/1C*4L, EIV 5.5mn’
3 4P 100AF/ 100AT HeNMH #1 36.77 CV 22mm/1C*4L, EIV 5.5mw
4 4P 100AF/ 75AT ™™ #3 4461 CV 22mm/1C*4L, EIV 5.5mm’
5 4P 100AF/100AT SK 414 7.00 CV 5.5mm’/4C, EIV 5.5mm’
6 4P 100AF/50AF Mz ™ 2477 CV 14m’/1C*4L, EIV 5.5mw
7 4P 100AF/100AF ARSI RN | 10.00| CV 38mm/1C*4L, EIV 5.5mm’
8 2P 100AF/60AF M7 x| = 1.00| TFR-CV22mm/1C*2L,EIV 8mm’
ot Al 283.45
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A | H{MEXIEH| g 3 9 2 2HkW] 44 1 —
TFR-8 16mm/1C*4L,
1 | 4P 100AF/50AT PSDZ 1 16.00
E:HIV 14mm*
s A 16.00
> 2357 58L& AYuHR(P2)
Sl Hf M-8 KT | g 3 9 22HkW] 74 H 1
1 | 4P 400AF/ 300AT LHMZ &7 Al 147.50| CV 150m/1C*4L, EIV 14mr
2 | 4P 100AF/ 100AT HAME #2 27.10| CV 22m/1C*4L, EIV 5.5mr
3 4P 100AF/ 40AT MM #4 6.20| CV 5.5m/1C*4L, EIV 5.5mr
4 4P 100AF/ 40AT HMFMa #5 7.20| CV 5.5m/1C*4L, EIV 5.5mr
5 4P 100AF/ 60AT St 3l 6.90 CV 14mn/4C, EIV 8mw
6 4P 100AF/ 75AT CiIjO|A Af 8.00| CV 8.0mi/4C, EIV 5.5m
7 | 4P 100AF/ 100AT HCEZHA 50.40| CV 22mn/1C*4L, EIV 5.5m
8 4P 100AF/ 40AT 202-65 (AU A1) 19.70| CV 14mv/1C*4L, EIV 5.5mw
9 4P 100AF/ 30AT IMT 2000 3.60 CV 14mr/4C, EIV 8mw
s A 276.60
> HYAIA A Au]ARH(P2)
el | N8R s g | 8KW 2R B 1
1 | 4P 100AF/S0AT |  E/V LHM(Lf=) 11.00 TrR-CVemACHaL
=T ' E:HIV 5.5mr
2 4P 100AF/50AT E/V QM (LIE) 11.00 TFR-Cvemr/1C*aL,
=T ' E:HIV 5.5mr
TFR-CV8mm/1C*4L,
3 4P 100AF/50AT E/V Qe 11.00
E:HIV 5.5mm
st A 33.00
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> Y FAE AL

)

g (134 32

o HYf M-8 XFEHT | g 3 9 (kW] 2t H 1
1 |4P 225AF/ 200AT QMZE M HAMH| 41.00] CV 22mm/1C*4L, EIV 5.5mw
2 |4P 225AF/ 125AT LM = KA 41.00] CV 22mm’/1C*4L, EIV 5.5mmw
3 |4P 225AF/ 200AT BT = 33.00 CV 22mm/1C*4L, EIV 8.0mm’

CV 60mm’/1C*3L, N:CV8mm E:IV
4  |4P 225AF/ 200AT SEIFA 75.40
14mm’

5 4P 100AF/ 50AT QLHT 11.00| CV 14mm’/1C*4L, E:IV 5.5mm
6 4P 100AF/ 50AT =7H7|8t 11.00 HIV 14mm/1C*3L

7 4P 100AF/ 50AT | E{EXHA|HZ=2M) 10.00, CV 14mw’/1C*4L, EIV 5.5mw
8 4P 100AF/ 50AT | EHYZHA|AZLHM) 10.00| CV 14mm’/1C*4L, E:IV 5.5mm
9 4P 100AF/ 50AT | HYEZXZHEB7IZ LYM) 10.00| CV 14mm’/1C*4L, EIV 5.5mm

10 | 4P 100AF/ 50AT | BHYZXYHE7IE M) 10.00| CV 14mm’/1C*4L, E:IV 5.5mm
11 | 4P 100AF/ S50AT HMZEME 270 HIV 14mm’/1C*4L, EIV 5.5mm
12 | 4P 100AF/ 50AT H&ZAE 270 HIV 14mm’/1C*4L, EIV 5.5mm

st A 257.80
> T S AguAT (154 4A]) UNIT

g ¥
olu | HMEBXET | 2 o 274 B 2

[kw]
2 |4P 100AF/ 50AT Al ME 5.00, CV 5.5mm’/1C*3L, EIV 5.5mmr
3 |4P 100AF/ 30AT| W/L(ZOHQl 2=ZE) 2.20| CV 5.5mmr/1C*4L, EIV 5.5mm’
4  |4P 100AF/ 50AT| W/L(ZO}Q 2|ZE) 2.20, CV 5.5mm/1C*4L, EIV 5.5mm’
5 |4P 100AF/ 50AT| W/L(ZOHQ Z=E) 2.20| CV 5.5mr/1C*4L, EIV 5.5mm’
6 |4P 100AF/ 50AT| W/L(ZOHQ 2ZE) 2.20| CV 5.5mmr/1C*4L, EIV 5.5mm’

[ A 13.80
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B EYTeAL

T A 2 SHKW) X 25 &5 5Hkw) HI 2 (X| E/Z H|*100)% B/C
24 L] MX|H
1471.19 298 20.2 l' S|
2l
@ AR AR 7E
i FSHKW) 22HkW] H 1
1 L 298.00
2 157 =HE XN LufHgt 80.27
3 25 A =EE MYH ™R 70.49
4 1374 588 XN uiX™EHPL) 558.80
5 237 5388 XMYHHEHP2) 463.63
HA| 1,471.19
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> 3y 2
ksl Hij 4 X 2ot g & ZHKVA) FARE e H|Z
1 3P 400AF/400AT HEFMCCB(ZH 149 IV100mm* x 3
2 3P 400AF/400AT HEIMCCB(R) 149 IV100mm' x 3
ot Al 298.00
% AEQWY 23 98,
> 157 2BE AU
A B A EXHE | () 2o 3 EEkw) FARE e H| 3L
1 3P 100AF/ 100AT L-1A 6.54 CV22mm* x 3
2 3P 100AF/ 100AT L-2A 17.48 CV22mm* x 3
3 3P 100AF/ 60AT L-3A 18.05 CV22mm* x 3
4 3P 100AF/ 50AT L-4A 4.16 IV8mm x 3
5 3P 100AF/ 50AT L-5A 3.36 IV8mm* x 3
6 3P 100AF/ 50AT L-6A 440 IV8mm* x 3
7 3P 100AF/ 50AT L-7A 578 IV8mm* x 3
8 3P 100AF/ 50AT AEEHMNOIEE 1.30 CV5.5mm’ x 2
9 3P 100AF/ 50AT M=l 4.00 IV8mm* x 3
10 3P 50AF/ 50AT oA 13.00 IV8mm* x 4
11 3P 50AF/ 50AT AJFBME 2.20 HIV14mn' x 3 ARA|
ot A 80.27
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> 234 =3&

D)
12
=
Y

o B M2 XHEHD| - 22K It 3 A H| T
1 3P100AF/100AT L-1B 6.87 CV8mr x 3
2 3P 100AF/ 60AT L-2B 12.40 CV22mm x 3
3 3P 100AF/ 60AT L-3B 10.41 CV22mr x 3
4 3P 100AF/ S50AT L-4B 6.92 CV8mm x 3
5 3P 100AF/ S0AT L-5B 6.20 CVamr x 3
6 3P 100AF/ S50AT L-6B 4.40 CV8mr x 3
7 3P 100AF/ S50AT L-7B 4.64 CV8mm x 3
8 3P 100AF/ S50AT He™H 7.80 CV22mr x 3
9 3P 100AF/ S50AT bS] 4.80 CV5.5mm x 3

AFK[F7|. A H

10 3P 100AF/ 100AT o 3.65 CV5.5mm" x 3
11 2P 30AF/ 30AT S E|H| M= FA 1.20 CV5.5mm x 3
12 2P 30AF/ 30AT HE|H| M= QA 1.20 CV5.5mm x 3

s} A 70.49
> 154 THE AL ALH(P1)
HY M-8 XFEHT | L

e (329) 23 3 22HkW) U4 Hl
1 3P 400AF/250AT 3H7|A A 337 IV100mm x 3
2 3P 225AF/ 225AT H4m = 59.00 CV60m x 3
3 4P 100AF/ 50AT o4 2Xst 3.85 CV8mm x 4
4 3P 100AF/ S0AT ASIEME 6.00 HIV14m x 3
5 4P 100AF/ 100AT H-2 18.00 IV22mi x 4
6 3P S0AF/ S50AT M7|Aoo|= 3.15 CV5.5mm x 2
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7 3P 225AF/ 225AT 23 A 55.40 HIV50mn* x 3 ARA|
8 3P 100AF/ 50AT =X 7|Ht 7.50 1IV38mn x 3 N
9 3P 200AF/ 125AT AFC 32.83 IV22m x 3 AFA|
10 3P 100AF/ 50AT AJEME 6.00 HIV14mm x 3 N
11 3P 100AF/ 100AT UPS 7.44 1V38mr x 3 AFA|
12 4P S0AF/ S0AT SR E I 4.00 CV5.5mr x 4 L]
13 2P 60AF/ 60AT MO | K| = 18.63 CV22m x 2 il
I 558.80
> 2354 FHE AulARH(P2)
aw | HESHE 2oy |8 BRW TR B2
(#4)

1 3P 400AF/400AT 57| AIB 337.00 IV150mn* x 3

2 4P 100AF/ 100AT H-1 34.50 IV14mm x 4

3 4P 100AF/ 100AT t7| -ofoj 2 15.50 CV5.5m x 4

4 4P 100AF/ 100AT L2 7.50 1IV22m x 4

5 3P 100AF/50AT Q4HI 15.00 IV14m x 3

6 3P 100AF/50AT £ 7bx ME 6.00 IV8m x 3

7 4P 100AF/ 100AT TEOAA 5.90 Cv8mr x 3

8 4P 50AF/ S0AT AZt7|H0|0{Z 3.85 CV5.5m* x 2

9 3P 50AF/50AT HM7|Mojo= 3.15 CV5.5m x 2

10 3P 50AF/15AT OHEAY ME 1.60 IV2m x 3

11 4P S0AF/50AT ZAK|F|A 15.00 CV5.5mm x 4 Sl

12 4P 100AF/75AT M7 | K| = 18.63 CV38m x 4 B |

s A 463.63
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O MEvER A7FAAHAESAD BFd DA TA A8 7Hs A

Hudg ug @ 3 BHB/C BA)
WA 17.075m X 241.470m = 3,662m°> (vhHEwE 1

RN =PRSS
RS [ PARECK B

m =1m”, — €2 : 180W, — H]& : 4004 Y/7)

1
C AW A BFAAL JRAY T P 0 2L AL

4
— WAY W g = 4008 Wn’
— kW3 A = 2,2228 4/kW

o AHTAAL BlFdA] AAnlE B 7IRE (W8 o &)

&)

— Hjokdx 1Y AFg AEH]8 : 659kW x 9h x 60Y/kWh = 355,860¢
— BjokAA] Axn)g BA 7)7F 0 14.799 + 355,8609 = 4,1309 = 114
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a9 2-96. Ay

O~
18
%
)
l-ﬂ

B ASHER T2 2 7)X] HFAA HELdY HE

o ARG A AE WA 114m X 227m = 25,878m°  (HATF 1)
o TARARETIA] AE A 29

— W& Im X Im =1m” , — &% : 180W, — H|-& : 4000 Q/7}
o TAAFTIA A GE HSFAAE HRdE & 49 08 E Ay
- A4 de ¥4 = 25878m’
— o]24 A& AEF = 25878 X 180W = 4,658,040 W = 4,658 kW
— o] H|§ = 25878 X 400,000¢) = 103.512
— WA v§ = 4008 Y/m”

— kW FAE N = 2,222 4/kW
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|
-_‘ {.még-ulﬂu.ngnﬁx

[ Samppn_ f
o pry

8¥

BMUFE

| TR

4

% 2-97. AR A] HHE

o Z1EA AAAUA AE A B (FE YD

O 39 1EHE 9AF AzF A

ISR I

ez |2 ] = EE R LER
19 |23 |88 |42 |52 |62 |77 |83 |o® |0m|ns|rea| A |75
A 1,00 1,01 1,01
2006| = 0’53 866, |793, |521, |643, | 756, |897, 1’63 774,683, |712,|874,19,536|521, | 794, 163
e ’9 283|812 | 190 | 342 | 831 | 690 ’2 9329241083 | 321 | ,579| 190 | 715 ’2
A
2007| & (978, (755,698, (529, |577, (725,848, |991, |677, |562, |608, | 860, |8,815|529, | 734, | 991,
2320 | 808 | 791940 | 294 | 527 | 778 | 200 | 987 | 054 | 674 | 861 | ,234 | 940 | 603 | 200
A
2008| & |946, | 785, |560, (469, |480, |486, | 775, |746,|559, |499, |502, | 713, |7,525(469, | 627, |946,
& 275 | 121 | 415|228 | 586 | 742 | 775 | 679 | 447 | 283 | 164 | 376 | ,091 | 228 | 091 | 275
2006 2 163,8(58,3|53,2(37,0|43,5(51,0(70,3|79,7|50,5|45,7(50,0(57,1|660,6(37,0|55,0(79,7
=170,3/13,4/40,0(35,0|25,7(02,8|52,2|64,4|83,4|04,8/70,1|94,7|57,30(35,0(54,7|64,4
20 {30 | 10 | 80 | 50 | 40 | 00 | 50 | 90 | 80 | 10 | 40 ] O ] 80 | 75| 50
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[ap XN @)] O ©
Y S
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&

: 794,715kWh / 55,054 %
: 734,603kWh / 54,696

— 2007
— 2008

0 627,091kWh / 49,8294 ¢

: 9,536,579kWh / 660,657,300
: 8,815,234kWh / 652,751,060

&

1 7,525,091kWh / 597,956,000%

il

jod

mK

I

o

™

KM

J

(

: 308m X 154m = 47,492m>

e

Bl A% %

-
o

14,400m”

— EA 1m X 1m =1m°

: 180W

- 8

/71

[e)
3
Qs

: 400,000

- H&

o
i
X

mK

= 14,400m*

= 14,400 X 180W = 2,592,000 W = 2,692 kW

o9l

= 57

)

14,400 * 400,000
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AW

— kW3 SARE ) = 2,199%

1 2,592kW x 9h x 309 = 700,000kWh = 0.53

a9

A = 10770 = 94

57999 + 0.53¢

AW

FH =~ 2.592kWx3652x436.37

5]

1/kW)E a1

[e)
2
1L

w4714 (436.37

Fisil

=R

o 7%

: 1,870m” (FHE AL 1/25)

ol
=2

O =< =3 Lehrter Station

Al A

d

— %

200kW

ok
2}

=K

°F55

» €3.7million

- H&

/KW

2]

27,5007

s AYQY) |
=

— kW3 &4}

oL
o

JR—EAST<}

A (Yoshiyasu Takefuji)=

k<3
T

Alok2 B

9 &

5}
Fo 2 dHAANUAAAE It

H ol Keio Hi&
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Fof obef 1} ol FAdHe AolEd AW A

S
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1 60kg 7]<5,
2step
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0.1W
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10m

sto] 2v) Fx 37} (s g ko] o]

1/m” X< 337m° (177m” + 160m*) = 293¢ (A =Eu| 18)
[e)

-
T

o

-
S

) X 0.1W/m (Istep

|

) = 124,717W = 125kW

o
=

D EFRA ] ]

"

(e

.5

12471798 (L4552
oA 1§ : 600,000
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(] AeHERZ d54009Y (5h9] : )

29| 99 [s3za9|[za] a=w [¢za9]|[za] a9 [+ea9
1 VAT 124,714 40 | & A 36,093 N | F 18,789
2 Z A 96,090 41 FHEWY 35,180 80 | AAFY AL 18,765
3 A A 93,724 42 | AF34) 35,043 81 | & 7 18,366
4 Al 92,356 43 | AAH@) 34,159 82 | SA=Z47} 17,650
5 AL49(1) 83,081 4 |14 & 33,260 83 | TP 17,282
6 a&Eud 81,844 45 o] tf 32,931 84 | 23l 16,700
7 z Z 80,721 46 | = 32,540 8 | FdYT 16,550
8 A= 80,518 47 | F - 2@ 32,440 86 |oF & 16,170
9 VAR | 76,052 48 | A A} 32,350 87 | A= 15,589
10 | & &= 74,464 49 |+ 9 32,111 L | B 15,531
11 | #E9X4 74,309 50 I5EZFLA 31,286 9 |[F& A 15,128
12 | SUY+ 71,032 51 Al 31,253 90 (W% A 14,843
13 | Al=dg 69,638 52 | AAld) 30,908 91 | £237K3) 14,531
14 |9 4 67,060 5 |= ¥ 30,618 92 | A4y 14,242
15 | EXEZLT 63,706 54 | ¥ A 30,397 93 | Fyd 14,072
16 | A=Y+ 63,615 55 A 7% 29,938 MY | F = 13,458
17 | £237K1) 62,108 5 | A A 29,725 9% |9 A 13,209
18 | AU+ 61,742 5 | A F 29,413 9% | SX37H3) 12,158
19 | & A 61,017 5 | & A 29,360 97 | A€Y9W@ 12,118
20 | A= 59,217 5 | A A 27,7132 NV | F 12,053
21 |+ + 58,536 60 RAEF 27,322 ¥ |4 4 11,977
22 | AFZ(2) 58,054 61 FUEQ1) 26,494 100 | FA+A 11,938
23 |8 3 57,888 62 | H 25,998 101 |o] =& 11,928
24 | &7A 57,210 63 = 9 25,714 102 | = = 11,655
25 |8 F 54,506 64 | & I 25,565 103 | 559 11,250
26 | (2) 53,024 65 | AXREF1) 24,780 104 | S8& 10,901
27 | |2 50,848 66 | YT 23,993 105 | AZA 8,345
28 |7 4+ 50,221 67 | & - 2© 23,476 106 | & € 8,019
29 | FR=E 47,369 63 | 1 o} 23,445 107 | AAF©2) 6,169
0 [F = 47,340 69 | 282k 23,393 108 | <A 5,951
31 | ¥EHud 47,004 70 | A = 22,7193 109 | & & 4598
32 | "o} AY 44,376 71 = A 21,995 110 | A = 4170
33 | #H 43703 72 | AAYYT 21,737 111 | &% 4164
34 |3 & 43,448 73 |5 HA 21,449 112 | & & 3,237
3B | B F 41,938 74 1A W 21,166 113 | 59 2,569
36 | A1 40,912 75 | £A37H2) 20,792 114 | A & 2,218
37 | 257} 40,780 7% | FEEER 20,643 115 | g=# 1,530
38 | YA 36,686 77 3Hakry 19,944 116 | =¥ 1,096
39 | FANFTF 36,260 78 | 43¢ 19,822 Al 3,953,345
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5. ALk AAAAA] AE A o= 7=

b ARG e AAIA QAEH o]z 7|4

> A% Advanced CerametricsolA4] A 23 Piezoelectric  Fiber
CompositesS AF&3le] 13% %<t 30 Hz IEo & 830mJ(40V)S d& + A=

Energy Harvesting System= #|Z3t). o= £9 0.7mJS Q= 3+ LCD

AAZ 207175 A7 4= glom, o]#3t Fiber Composites< & 84X,
Ae, AP SEEZ AX, 23=8F Fol S&stal v o]et #dste] d2 e
Al 9 66J

& eraAEtY Adpoz wWojweld admate] FEo o3 J1AY FEAIY
g AGAAAN, RGNS Ve LI G A 24 Bol P A7)

Al 918l 7142 qiAE A
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>
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— 7HMNHAH= A7181eH4 o YA GG A = dnt wjE g tiv] A2 oA
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A3 Lo =

1
2 FA/ABR, 58 507 AlolF o ge] FHe AHE(RANEH 2

MRS ALY, S8 We YRAge] Sgow o

4
ol

=
=

=

Al

A E]

ke
flo

EA4 Capacitor Super-Capacitor Battery
WA ZE <FZ @ >T i T >FAE T
ZAAIZE Z 9 F~t T Al ZF T

o | ) %= (Wh/kg) 0.01 ~ 0.1 5~ 10 10 ~ 100
U= (W/kg) <100, 000 <10,000 <1,000

A >95% 90% ~ 98% 50% ~ 85%
T (3]) >500, 000 >500, 000 <1,000
SEEA -55C ~+125C -40 ~ +70C 0C ~ +60T
Qi T T msec T msec T sec

3k 74 43 Z18H7 Z18+7 H71E T4

e — —
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i 4 y
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3 ot

lf_’g_

l’l_li,,-"!_.;;
J "\" | T

a9 2-103. A EH
TAbl AA AAH 73

Iy 2-102. 7HMAAIEY A= 7l =) A E
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