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B vs ZZRFEER
o KF%BE(1.5kWp) NG 3%17?30.8’“1.2 kW
H 15558 2 4 kWh/day
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50.8kW/EER 2.8), [ #£8& 8 kWh/day
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BEAR : AC-102-0122

[f% & 2,844MW]

g P SA-L225
SRAEETT 2.2 kW ) WRAAMA | 2.3kW (2080 kcal/h)
FEEEIR: HE53% WECEME| B/ 220V 60Hz

SERZAE 63®
SERERLE 1 472 /% Mz%wé@:sﬁ 37
REJESCRILMEEER ¢ 5.60 W/W <+ — T

BRI 2 Sl ieda w4
SEREE E% k% € R 78
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Solar home system in an apartment (Taipei City 5 3E)

Energy saving: retrofit inverter-type A/C reduces energy, from
1.2 kW to 0.56 kW (saving 62%)

PV installation: 1.5kWp (Li battery 48V/65Ah)
Thermal storage: electric water heater (1kW, 100L/5kWh)
PV panels as shading device to reduce heat load

Hitachi A/C iﬁ‘ﬁﬁ? EER ”él*n %putjj

H 1722 ettt - W/W o

22 N HERAS-28NB 2.8 5.00 0.56
2= Y MERAC-28NB (1.0-3.6)  (5.00-4.20) (0.2-0.72)

Heater

PN ,\M\

EEI/\\\

Data #HEEECE% Unit /223185/1 0 Da'g ;\Z/i%age
KIGRELELEE PV generation  kWh 258.1 3.19
A RAYEFEE A/C energy kWh 440.9 5.44
B EN\E3FHEE (PV) Heater kWh 46.0 0.57
4E & #ftotal load kWh 486.9 100%
T EE{ILEE grid input kWh 228.8 47%
KIHEEALEE solar PV supply  kWh 258.1 53%

EEGEF55EE increase  kWh 46.0 22%
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A/CEEEAT% + K [5-EE4,700MWp +2,600MW | BE
PV B

14 100%
13 | Time to achieve PV installation -
e}
12 L *.._ No-nuclear goal, yr target, GWp___,a—"" nowind 4 90%
"ll..._- - -
11 L a_{ Tl Pl 1 80%
o g 2.6GW wind
10 | 4 70%
° T no wind &
g | o nowind 7 ©0%
7 2OW e g T T e 266w 7 20%
6 T } 1 40%
5 - >
a L 1 30%
s b —A
B E +4 20%
2T T
=4 10%
1 Scenario A
D 1 I I I 1 1 I 1 D%
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

yearly PV installationr,,, GWp/yr

pvs

Energy saving goal of air conditioning and lighting, e....

No-nuclear policy : 47% A/C E-saving + 4.7GWp PV + 2.6GW Wind
(9.5 yr @500MWp/y annual PV installation)

« WREFERNMABFRAXEGRL - GiEE ~ K tE R EAEIEN

T ENZERRIEIZ K E 1= rmmsweo)
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75—1 IEEKE
A/CEfEE30% + K [5¢EE3,500MWp
BAURE
Annual energy saving r,.: 0.45GW(5%)/y solid line
% 0.27GW(3%)/y dashed line"
- i
Time to achieve no-nuclear goal t,, y
! % S 1
PV installation target P, , GWp -
Scenariol6 2,7 T °;I."9 ...................... =
3,8 ' 5,10T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Annual PV installation r

s GWp/y

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

(X5 8% (2017)]

Energy saving goal of air conditioning and lighting e,
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6 ENZERIEAZ R E 1 rtmmanao)

A/CEEE20% + K [55%-EE3,000MWp +JE FE2,600MW
AR

Yearly energy saving: 0.45GW(5%)/yr solid line
B 0.27GW(3%)/yr dashed line

| Time to achieve no-nuclear goal, yr

L

PV installation target, GWp

Scenario A
| | | | | | |

0 0.2 0.4 0.6 0.8 1 1.2 1.4
yearly PV installation, GWp/yr

50%

45%

40%

35%

30%

25%

20%

15%

10%

5%

0%

Energy saving goal for A/C
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ENEIEN B & Rk = Y=pi

B EFE2.6GW [ {OK /1% 8 18% (2012)]

A | PV T PV
. nnuaf Energy-saving Time to . arge.t PV installation
L target e % |achieve t_, yr TSEI B i roof area, km?
GWp/y g save 7 /0 orY GWp ’

Wind: 2.6 GW; Yearly energy saving: 0.45GW(5%)/yr

Wind: 2 6 GW; Yearly energy saving: 0. 27GW(3%)/yr

0.30 47.3 15.8 4.73 30.3

0.50 42.3 14.1 7.05 45.1
0.75 37.3 12.4 9.33 59.7
1.00 33.4 11.1 11.14 71.3

1.50 27.6 9.2 13.80 88.3



PV installation area ZAZ5[E

105 sl A (= TH)

P& B+ K R 18%)]

/

= [REKG Ot REL e

&2 OK!

[Hf& 70km?

required PV installtion area

~ 90 L Yearly energy saving: D.E?EW[S%]}'W
E total roof area of new
o 80 I buildings in past 10 years
m II'.
= 70 - - +
S
= 60
i
E 50
= 0.45GW(5%)/yr
- 40 F
o
'E 30
= ]
= 20 0
bt B
10 T
Scenario A
0
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

yearly PV installationr,,, GWp/yr
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PVE R R F F i s

Required energy storage for PV to replace base load
2 B53E°K battery storage: 4.1 kWh per unit (Rs=0.4) 1.5 kWh/kWp PV

50% E-saving

— 10 10
= 2 kWh/day per person for 50L 60°C hot water
= 9 | L o 2
= e e . <
z 8 | ' 3 kWp PV unit g =
= =
= =
£ 7 r 7 =
- >
2 O ° a2
5 5 1.5 kWp unit 4 5 2
— . 2
2 1 g
o 3 ) # 13 o
&D > 0
o J. * | i
g ? L 137205 kwhkWp | © &
@ 1 1 g
U [FN]
I.I=.I o I 1 I I 0

0 0.1 02 03 04 05 06 07 08 0.9 1
Hot water consumptio PV energy storage ratio R,

BE8FFHUKHEE: 3-6 kWh/day

288 0.0-4.1 kWh; [4 kWh Li-bat: f 4 2,400USD; 600 USD/kWAh]
&% 4.1-0.0 kWh [100L 70°C & #45 kWh; i /USD300, 60USD/kWh]

Li-battery cost 6-10 times of heat storage ! 18



FEARITIT R

PV power in grid, MW

/S

—=

YNt

SRS

EEE LG EEEE PVpoweringrid 2016/6/06

400
350 r PV drops from 372MW to 105MW
(72%) in 50 min
300 r (14% drop every 10 min)
250
200 r
150
100
PV increases
s | L1SMW (92%)
in 10 min
D 1 1 1 1 1 1 1
00:00 02:24 04:48 07:12 09:36 12:00 14:24 16:48 19:12 21:36
PV power drops from 372MW to 105MW (72%) in 50min (14% per 10 min) MQ‘
~20-30km **

If PV installed 20GWp (2025), it means 2,800MW per 10 min.

Germany experience: 2015/3/20 10-11AM PV power drop 7,000MW/h or
53% (9% drop in 10 min) (1,200MW per 10 min) @140GW total

SR EARHE R 126W/12h (FERTHE S )

AN
=A==

= 1,000 MW/h (51043166 MW )
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36 GW

2 9~10 GW ({525~30%)
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T 2 g I HA R EE
"

2238 T BUKHEEEK  RETEEE

* 37.4% %A A (EREEIFT(2016) > Z= LIRS 70%

B[] » Ze = ’m’@%ﬁﬁ%ﬁ/\ 5K Zia?‘*tza%+ “\\7J<4% = 30%

Ref: FEZRERENE FHSIT T -
GBSk E g (2013)

- ANZEERIRPHRUKETE30% - RIH[HREEET9% (B Rt E(L8%)
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o IXEA(LEENE JAEEL4548% (2017) [2,844MW]
« Hi1EE HIE30%({F 75 & E)
— eI NEEHETEE30%: 9% (B8 JJ4B 45 5 47 Eh)
— FREHUKETE —F: 2.3% (B HLEHLE EH 5 ER)
SEHENEE 11.3%
o REFZHRL:

8% - 11.3% = -3.3% (% E4E

A Re R A

VAN

(L]

7J)
5 {55%(2025) » =] HE[18.3%

7/
i}

\v - 4

V4w 2

|
(g




;—1-

+ SUEESREIFEL

nBA% A

R > BiRe =R R

— BEJRRAG A FE = 2R A0 175% [Relie)E SRR Re e 0%

BEUEENHIH

e AVEINVENE DMERTET A

—Iﬁﬁﬁﬁﬁ
- %J_\_‘/\\\7J<}EH

SHERR] wwmmmnn A memg

G B JH RS 26% (LA T A)
(HEE MRS 4.7%
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S5 2 2 S R 493,000 4
(P F2~36)
FHEZE TR 412084 (TSN ER)
(S H B — KB =)
{55 FH Y-S EE 22 3 (>104F): /12,000 &
T R S s R T 5 B2 ]

Hillg: &5 T B SBIEE B SR L (] U S A
— DI EHEIEE0.5kWET » iTE & &L kW
(1204 /4 x 0.5 kW/E = 4455 600MW/4E]
1% BB HEE45(2018) 2,844MW
— SEEWERAA: 65 7T/kW
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Efficacy E, Lm/W

130
120
110
100
90
80
70
60
50
40
30
20
10

LEDPe p* ¥ 4 = >50%

LED efficacy E, Lm/W (2012-2016)

1 3 5

7

El

average: &4 after 2014
stdev: 10.0 | —

median: 83

max.: 101

min.: 64

11 15 15 1¥ 19 21 23 25 27 29 31 533 35 37 39 41 43 45 47 49 51 53

LR
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B+ KfGEE ARIA =R (D-1)

BRI A Z (1503 72K/15\)

> E%ﬁ%ﬁﬁﬁﬁ%(%?%’?&%iﬁ&@LED P AT AL MRS ) 2 BB 60%
> EERINEEEE 0 BEE10% 0 AR R ET0%

R OkWp K F7 3% E %Z)‘E( & E2.88kWh) & 8520% » 5T H FE90%
> SERETREH B2 10,388 L(RSE ) » Seki& s H B EE5937T(4594%)

-lED (100 Im/W)

Sy i
—

air-conditi
e

™ Anti-IRY mH
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Office, Department of Mech. E

ng., National Taiwan University

£ SRR TS (i
SP 2N ZE ETEE 7 ED (installed July, 2014)
o & A &% BEEF
. £E a£FTE o HED aETE,
i # EUS TR
- =~ ERE F, kW  kwh/day £ % F, kW  kwh/day
(=’
wEER A EE -5 ; i
. % 4 F 7.3kW.COP2.92 2.5 20 -8 7, I H4# F 5 (Hitachi
W E ER s RAC 22NB): 2 16
ToE i 2.2kW, COP5.7
& & 8 S EkW,.COP29 2 18 LA
-8 F 22 184 — £ (Hitachi
T EE %5 F 5.8KW COP29 2 16 RAC 22NB): 0.4 3.2
: : : - & 4 F 2 2kW,COP5.7
FHEEGE 6.5 52 2.4 19.2 63%
(L]as aE_u
MorE S TE O AEATW)265 1227 og & A g, TELED 2 (30W) 208 060 48
$ET H#,.7TE 3 AEATW)4 E 0188 15 @#ooF TRLED 2 (30W)4 8 012 0.96
EEEEE SN 1.41 11.3 072 5.76 49%
- = N
(UE%;
-—
Mo E 13 FEEF,150Weach 105 156 |13 & & F,30W each 0.39 312
F5E 2EFEF, 150Weach 0.3 2.4 2 EFEEFE, I0Weach 0.06 0.48
= B LR 2.25 18 0.45 36 80%
- =N
i - B - TREeEE 10.16 BL3 | e 357 28.6 (\55% )
(4)F 2 rS 8 & 8, kwh/day 4 5%
(5) 4 % #£ € & #.(5.88kWp) & &, kwh/day e, 16.4 20%
= 813 %, (’90-95\,
p—— 30

i £ gES B8



Total energy supply, Wh/day

45,000

40,000

35,000 |

30,000

25,000 |
20,000 |
15,000 |
10,000 |-

5000 }

Long-term test results

D1 (no.1+no.2) (2015/1/1-2015/12/31)

PV Mode M Grid Mode

- Average PV energy generation:
2.23 kWh/kWp-day
[2.14(no.1)/2.49(no.2)]

Estimatd max load 28.6 kWh/day

Z_i_ ____________ A $-

il

PV Mode supply ratio: 0.79

il
i

EUI: 11.8 kWh/m?2y

Energy Utilization Intensity S FERETSIE
EUI = 11.8 kWh/m?y (145 kWh/mon)

CEE{CIZESEEUI: 100-200 kWh/m? y]

Near Zero-Energy !

31



3 kWp Y&{R Solar PV (hybrid PV) x2

Environment
// 5
controlled chassis

1-axis 3-angle
sun tracker

e

, (E|500Wp/each)

¥




6 kWp Solar PV

- REFEINE(RERIE

[ o s
#8 | DI [#iE=[FexE|usDuk | w88 [ bi [ sve | B8 | TEE [ L68B

D-1

: 4156 W FTILE -543 W

MBS 11.16 kWh || B2 : 2.04 kWh
HE : 762 Wim*
JBRE: 356TC

ER 5212V
E®: 2%

Duty: 100%

H#HE®: 23TTW
BH: 4973 Wh

) N

e BEAB(RA) £
EE 5L Sg i B8 : 00:00:00
% =E: O0Wh

o & M

RS PERAERRRE

BEENEEAT :
aEETRHERAT(GUEAY B
RENEBHERAZ(LEDE)

< aEEs 13531

HES

000 | EiATIEHY : S S AMMISHR

Load
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Tr7 Ddoge s ._‘\ / ° °
L 75 Economic figure
FIBRS: RSN - H 22K B SR

BHEIR FHERE 2#51) FHEARE EaE BHET) FHEE =
(kW)  (kWh/day) 2 (kW) (kWh/day) BF F 2 2 (kw) (kwWh/day) B0 E =

MR\ AEEERE (22 - IBEH - ) 10.16 81.3 3.57 28.6 65%  3.57 28.6 65%
& EIREEETE (kwh/day) : 4.0 5% 4.0 5%
KIE LB ALETE( kWh/day) - 16.4 20% 23.6 29%
45 H7$EEAE (kWh/day) 81.3 8.2 90% 1.0 99%

H FE& (kWh/mon) 1,788 540 70% 540 70%
BIREER A 5Es (A) BEEEA=0WAD 5.78 4.7 4.7
H EE2(NT/mon) 10,338 2,540 75% 2,540 75%
PN Ak ) I KFAE 5% 8 (kwh/mon) - 359 ) 518 -
7725 H FI 2 (kWh/mon) 1,788 181 (90% 22 ( 99% J
SEAEE(E (NT/KWh) 5.78 _ - 327 - 327 B
il ks ey (N 1 %5 5 B2 (NT/mon) 10,338 ( 593, 94% ( 72 99%
" YR & (kWh/mon) ; “1807 90% 1,766 99%
N s e () I <264 B2 (NT/mon) - 9,745 94% 10,266 99%
20£E4445 2 (NT) - 2,338,695 94% 2,463,859 99%
(A)+(B) WIERAEHEE (NT) - 906,400 906,400
FERCE RN (%/y) - 7.90 8.59
[ AHFfE] (y) : 7.8 7.4
FEBEFS=Energy Utilization Intensity EUI (kWh/m?2y) 101 10.3 (2015EH(11.8) 1.2 (“ZERE)

B KN 22 1044 (2015) NIE T R 5 B T &R D 40E T - AR EHRET ARIERCR > &UMF-FAlalA4 -
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Zero-energy House (& X)

NErgy Flouse

=

Active design I@Jﬁﬁ@

* PV-driven air conditioner
* Fresh air exchanger

* Smart control

* Spot cooling

* Water cooling system

* LED lighting

Passive design #ZEE[HE
* Vacuum insulation panel (VIP)

Low-E double glass window
Ventilated sun shade

* plastic window Renewable energy * Heat pump )
* Architecture * Hybrid PV

* 1A-3P sun tracking PV

* Battery

—
—

heat
rejection —»

-.6 TR

Indoor air coaler

Water coaling tower

35



Test result of ZEH-1 (16m?)
energy consumption 0.3 kW

Measured Simulation
2011
Average power Average power
(kW) (kW)
10/6 0.319 0.363
10/18 0.272 0.291
10/19 0.243 0.424

* Energy consumption from 2,900W - 320W
* ltis very easy to add small solar PV to supply 320W to
reach zero-energy.
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2016F =%

FRE7 (1200

JFEZE®E 1 1i(2016)
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&EE>3.52 (ov/E
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>5.42750/ &

=K700E/H
(1308FR)

40



HE W - B E R

2016FIF=<RHFPHE

TEE (&)

2
o

SEHFE>Cm 22

1400

1200

1000

800

600

400

200

0

1

71 (1200E F)

KI5t ERA 3V6TT/

>Cm” ZET%7(2016)
\ Monthly
0 Present pric consumption
TWD/KWLA... kWhimon
o4 o Category 6 3612 1 >1000
1081 ZFR330E/8 |category 5 gsazi 701-1000
(808EF66%, M E32%EE) |categorys  fte1} soroo
Category 3 3.52 331-500
877 Category 2 238 | 121330
808 Category 1 163 | <121
H]SPE _E4E [300% 5 (25%), F45%E &]
Grid parity
...... SHR700%E/B
52935 (130EF, 1528%42H=
/ 0% FE28% E R
13&
: 63 46 35 37 1 g 15 13
0 10 20 120 150 330 350 4[1!] SUU 600 ?'D'D' 800 900 1000 1100 1200 1300 1400 1500 1600

Vg HEHE cm (E/H)
« KIGERZ20~30% 5 FHE (& & BIE &) A &0 i |
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B E FEGERE

SR PP E ARG EERVK e

ZEHH ~ FlOBEEHE
EECERE (REE R
é%@%&rﬁﬁ

» EBYGLREITEINE(FBEXIE)

BT P E
HyPV1000G

Bmas PW|\/|, ;

Inverter

o

KFHREIN

JRLEEGARE i
(70°C OFF) | '}

....................... _l Efﬁ{‘%ﬁu I

‘ BRERIH] (45°C 3Efzescr) | FHEE (LR |

q‘ ﬂ I oL
- %%/ﬂ? | N I e e



¥R H FHSEEERE

Amre R &

+ BRI

NTU Demo D-3
BTN HE 47 D-3 (O N D)

’’’’’

E \A{-:)‘A[:
!EE—P‘ Hitachi A/C ’if;ﬁ‘;g EER
H 3722 il —_ W/W
= £ :
A= == == [N FHERAS-22NB 2.2 5.60 0.39

23 JMERAC-22NB (1.0~3.2) (5.60~4.50)  (0.18~0.71)




> JEREZE{R15%FHEE PV supplies 15% load at highest grid price (6.71 NTD/kWh -

20 cents USD)
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http://www.gohappy.com.tw/shopping/Browse.do?op=vp&sid=2&cid=71318&pid=3193205
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