: rvs;&ﬁ Bz
’%ﬁﬂﬁ*i RS
—mmliﬁﬁﬁ#ﬂh?@ﬁ%
Feit 3 4
N RN E XN
A A T T (3748 3 1)
?%ﬁ%ﬁﬁzaﬁzﬂﬂm

B F ERRY ko Y sk 2k B RRS KT P R4 2050 1 2060 & B o
HENEFFMERE AP IEFY W Ro s #2020 £ E 2R 7§ R
AP R Fh R R iﬁ@ﬁﬁﬁﬁ%%ﬁﬁﬁuééﬁﬂ%@ﬁﬁﬁﬁﬁ%@o
H ¢ BT E R AL R ARHRET S ARG A DB o SR T g R 40%
ﬁ%}avgﬁemﬁlﬁﬁ)wﬁﬂ’¢ﬁ‘i‘ﬂ‘ﬂiﬁﬁﬂ&ﬁ@f?y%ﬁT’
AHRF TR A FRE 2012 BRI AT X LB E T £ 21.4GWatt e B &
Frohm o FHBABNREELR BEEFFTEME ST RenEE > 2 {130 T ponfE

.A‘.

ﬁ%ﬁiﬁ@ﬁﬁii‘i'ﬁﬁé}@%ﬁ}% C TEERESR A BT ET R ?”"#J«’Gt»!’fﬁr'hi‘*/j*”’? a./]*
Bt s 54T 4w g3 IFE]‘L P et R R R R R T Reantr > iE R
T 2Pk S"’\%Té‘é;}%ﬂ‘ Sz TR AN KRB R s L - B A
BT RHTEETL hn BT ETeRFE /e T4 G AT P g -

o
Is I~
R
3
N
>
poas)
0=
o

>\_.
@

Z R4 IR EN IR RIARETHD Y 2 MR 7B o
ﬁm#?ﬁ%'ﬁm%a.iﬁ ‘iﬁ%”“ PEOHRPRA RS AR R B F LT R

i B(ZEHD) ) (e 2 2B 323 ) > * L Fifi /4hd g ﬁzﬁﬁ#%’#%**%
;wﬂib&uéﬁk{ﬁxﬁﬁﬂiﬁmﬁbﬂfﬁﬂm RN R RS
#3‘;#1%“5“5 WL dd 3R
&

NITF -
Pt W SRR &
RS R
Z_BEEP o

cRERRFTEH B
2 MR IR o T F A gt - TSR /PJFMF ﬁm,..ﬁu#*'
2R T LSBT RN SH R TR A RE R A

#3
S LR TS ARG T - RN R el

. TH
B#ﬁ W?E?ﬁyiﬁﬁﬁﬁé e &ééﬁ’ﬂn*%w4°

A
s
il
(w
)
qx\

<
N
=N

hpas)




%ﬁ*ﬁﬂ§%£“7¥°ﬁ%?%?ﬁﬁ‘v
Tl B-iE > B R = N s X
%ﬁﬁfﬁﬂjﬂéfﬁiéﬂhﬁéo%fﬂﬁf*%F%%¢LW£g’wss%igikaés
SRR I PR R R o R o f%igﬁ;. g £y B U KT X I i
&% ??rﬁﬂ#?% c FF R T E D AT ek Bk S
PR T S e S IR R AL R R vt o
Zo5 T B PRRAPER AL o AR IT
HEE kST R IR LR )RR o B d

=

1

Ae
3
o oA e=34

‘m’&
W b}

b
[ut8
o
P
(w
k]
e
Ed)
Vel
A‘
o=
= »
oo
By
.
i
o
o

LA Xk T A
+’@{ﬁ?$$%ﬁ%
P #ﬁ% B €
RGO TR R
’ 4
-

~
A ~

P,

3

bis

DS

)

> E
=

3 &
;\%

W

ol

oS

ah
&3

|

o
'3‘
i
=3
T

°l

-
O i.g \\33;\
E’»Jd

e
&3
&

>
~=i
et
W
1&
AR

it
G0 F 2 BEngEWRIE Y > TN A B E R

] Tﬁt_‘&;
A

UL —ki’—#;_éqtﬁaw

PR
5 O

N
z"‘}t
>
|
o
&=h ‘
i
b
\_
[m
o
)
palg

LELen4a T s pE A

TA L SARAY g
WAL pRER S (T 3
dﬁ#{i’ﬂ ﬁbi‘fgé?ﬁ;’% ,:“. «b\ﬂb/}%’ 2
i A L S SR
LFIRA AR NTERNEAZBEFRY o

#

]

74

o i -

e R (12V)#B$4f:f » 3
E Z A
S F

H

34
P
N
ﬁ"l
n
a9
o E
o R
3
=h
%)
-
I% %

fﬁ ﬁim}l%zr'i’,?f,’?\zl%_
¥ U &TTT&(J __T]‘_ L l'&}E’S 3113: 4 ‘&L"

e "“;’%%ﬁﬁ‘; ’
f’fﬁgﬁi] if’r%\" N A

o
=
E
1@-6
|
fas
N
s
H-N‘
=
=h
?‘“

AABERAF IR AR T A E e SR SRR E A B R EE R 4o

1 & x%i@* 5% 3k < B# 2 nMPPO (near Maximum Power Point Operation) = 5 &
R Al s ¥ b 3 AL MPPT (Maximum Power Point Tracklng)i"’#'l B2 AR AZ
HHE AT i i ek 3 R nMPPO $iee S AT R Y o b E Y sk B
T E v i MPPT 22 245 3 &

1% ST W R A R L F RS e 2
k3 ’7ﬁ#&)‘l%]‘%%%‘,ﬁ‘a’,ﬁﬁéié‘%ﬁ&‘ﬁ
7':, %&Eé?’—jljﬂ_ #’E’IJI___«‘

ﬁ#ﬁﬁé'%qﬁ—r"" J‘_mgp, g,

B
—~~
el
<
o
'—\
o
S
A
[
el
sk
./\‘.
e
a_
g\é"l
@H
[
S
(‘F”l




3 FITHMELFRAIHBAFTE LA A RITLEMFIARL SRV LA A iR
N ﬁrﬁreﬁikowiwpw4ﬁwa%r’ BT AT T 2 B4 T

(B B)FFH TRAF L BFFR 47 2BTS (WR)TET LFFeET LA
B r > TG (MB)R R IFS SRR 2L F %n*%m,%ﬁﬁ Ty
aareiﬂa’uaﬂ*ﬂmﬁh«e%mza% SR D b AR R 4 B
BAFREY 2T f%iﬁ,ﬁ#a,bipﬂ}aﬂ'a&%?, w’%ﬁt'“'r’#trsﬂ\,,:,.mi_ﬂ’

~;

R

FE AL o R

ki

AGABED FAEFLRS FRE ,?mﬁﬁﬁﬂﬁz’ BAFPBERT P
RA et T ETHFL T o SMHES TERLET > A 2 EFI F TR
Feds B n R R ey » TRFFIP AR TR DR T F T B RS F BR
o AP GRT PREHAT S S eeFT T

5. & iz A F il EEg e N HE 2 0 IEE L F 5 & oca %iic(Coefficient of
Performance, COP) » & % i & 3% B2 b i 4r4] > #4 § 82 COP 3 v st 4] 2t 5 i3
B> 19452012 # 12 * ~2013 & 1 7 e 2 TSk B E T 0 A A RBIER G 25
B~Z3FBIRA v EROGHEANLTAT COPITHEvE 202+ FAARBERLR
THOoCOPEVE#H/SE o

AIRR B2

rl4ﬁ-*7kﬁ | T2 "F’%ﬂe/»%_’r—#,a w*ﬁ’]‘#-g] P ‘wﬁxﬁ'—ﬁmfﬂﬂsgm '_E_’F i
= (Energy Management Controller f§ # EMC)'EMC § F# ERIZF & =7 F i £ KR
ERAF ARERE S Lo RRS Y 12V 460W e |5 4 3 -2 (POWERCOM =
) » 12V 20AH z_ &El_r%rai & @ e (PSI = @)t 2 12V 120AH s4f & £.F4 7 # £ (Apogee =

PAFHARZ N T LR RNALZ B A FHEEAREI T4 o T8 2R R
BTEE P 2 MTRTAL > AT E I 284 KR o JART S BRI REHTHFD R

SA TR RRAT T RB AR T AREF A A5 + T
AB 4 7 s enf £ (State of Charge SOC)ifE
3 | % (Battery

%o 7Rl ﬁ =i
L R

Management Controller, BMC)z i & # 32 5 T {4033 34 2o g 82 &
ORI I R R 1
AT 8§ T 71

R A
/ﬁ ‘/L» Gv z

e o aw L 1kW DC 12V/IAC 110V #x 2 ~ 150W
AR REEE ~ AFE 2/ F M2 4§ 4241 E (Air Cooling Controller, ACC) » ACC *
”&ﬂ@ﬁ%@%uiﬁﬁﬁﬁwﬁﬁikﬁﬁioﬁ/WC%@@*%%%Kﬂ&ﬁﬁ
i# 12 3E Hig < 22 COP g (Coefficient of Performance) -

A~k %z EMC ¥ 1% BMC #7it senggdp+ 304 2 SOC F -2 7 I eniy 4140




Fofd EMC hwd madkieit E84 F 185 ki TR BT 4 @
L ACC T4 F &I -

BE AW

AR R TN AR R B E R R R o

1 5% B 64w 5 2012/12/28 11 3 2013/1/11 2 § H % » 4 o = B 7
ﬁf*%ﬁ%%ﬂﬁg‘\?maﬂﬂ’zﬁu 1k ek A48 RS
T gk kB2 T kil ik COP 54 5 1.85 -

FJ* ).
e

—+=

b2

e

2.8 7 ¥ EMC P idfp - HBa T4 # R g2
:f-‘% ’ q,/};ﬂl——/'@T ¥ sb,}é [N 7%:?.’&{;!_15!1/&]—' 2

3. B8 5 2013/1/15 e s % d W BT 7 1 EMC 7 kg R R 8 <30 ksl ¥ Eh 7
T2 P om0 Tyrd] BMC M iRE T 4 e Rrc2 T - B 9 P& EMC F
%% p 4R B 100A 2 $5 ~ Tt peds 150W SR S o

4. B 10 &2 B 11 &+ EMC ¥ &3 BMC mip41423p+ 24 2T B 7 421§ 14.6V> ¢ BMC
HERTHA P2 TR CEFTETHFRT > BET P ST REFW 36V =+

REEES

PEBRAF IR IRZEF A RET R B D MG R AR FE S ATk
%?¥x4$ﬁ@ﬁ FPEZ R BERY S TRAE A RN IR B ED
SRR G kiR T LR L2 BT 2B MM LS o R 1 ke
BT A LB L FEE F T AR TR TEET ) SHERFT T A

SRR :

s
a8
7‘53\'; N
.

g\r

PR i 2 Taewr nl REE (MBR)T A E 5l
2P ohe

Poasz o F v R 2 5B GAeT ez BB AT R N I R
o EedY - BEA RO MTIRA{ R TEYRHE A B
Lo d AR G R BE P DL RE B ARELF LT A
TRERFOAEFHTERET LT CASB IR A RERT ARG 0y ERRBEY

41 H 2~ e

A BRI

«t—r'nT %?;H;Z—g};-;;;/‘;%iggﬂ ,«u@?*“éﬁéﬁi? ﬁ]v} y FRET gf'bp ﬁﬂ J
P y%‘rwﬁﬁp%i;’%%?%imfwwa MEN B AT ks kT
Lyt FESn Az F’“’?"‘f FRER OV REMAT B AN RY

ThM JRAL AN RET B ARRIUE F S ﬁ’.‘*:ﬁﬁi%nu’ﬁifii—é’ "R ]
I SES AR R F TSR AR O E X




54

Ll

> o

10.

11.

12.

13.

14.

15.

16.

17.

18.

Miller, J.H., Solar Cooling System for an Automobile, 1976: U.S.

Shum, S., Solar Powered Automobile Cooling System, 1987: U.S.

Snow, C.E., Solar Powered Heating and Ventilation System for \Vehicle, 2004: U.S.

Kil Sang Jang, D.W.L., Solar Cell System for \ehicle and Control Method Thereof, 2012:
U.S.

Lin, T.-H., Research on Solar Air-Conditioning System for Direct Driving. 2011.

Huang, B.J., F.S. Sun, and R.W. Ho, Near-maximum-power-point-operation (nMPPQO) design
of photovoltaic power generation system. Solar Energy, 2006. 80(8): p. 1003-1020.

Allegro Specification of ACS758, 2012.

IRF 2804 AUTOMOTIVE MOSFET.

Tonui, J.K. and Y. Tripanagnostopoulos, Improved PV/T solar collectors with heat extraction
by forced or natural air circulation. Renewable Energy, 2007. 32(4): p. 623-637.

Ward, T.A., Hybrid Vehicle With A Low \oltage solar Panel Charging A High Voltage
Battery Using A Series Charger To Separately Charge Individual Cells Of the Series
Connected Battery 2011: U.S.

Chaoui, H., P. Sicard, and H.J.N. Ndjana, Adaptive state of charge (SOC) estimation for
batteries with parametric uncertainties in Advanced Intelligent Mechatronics2010: Montreal,
ON.

Mclintyre, M., et al., Adaptive State of Charge (SOC) Estimator for a Battery, in American
Control Conference2006: Minneapolis, MN. p. 5740-5744.

He, H., R. Xiong, and J. Fan, Evaluation of Lithium-lon Battery Equivalent Circuit Models
for State of Charge Estimation by an Experimental Approach. Energies, 2011. 4(4): p.
582-598.

Chaturvedi, N.A., et al., Algorithms for Advanced Battery-Management Systems
MODELING, ESTIMATION, AND CONTROL CHALLENGES FOR LITHIUM-ION
BATTERIES. leee Control Systems Magazine, 2010. 30(3): p. 49-68.

Di Domenico, D., A. Stefanopoulou, and G. Fiengo, Lithium-lon Battery State of Charge and
Critical Surface Charge Estimation Using an Electrochemical Model-Based Extended
Kalman Filter. Journal of Dynamic Systems Measurement and Control-Transactions of the
Asme, 2010. 132(6).

Smith, K.A., C.D. Rahn, and C.Y. Wang, Model-Based Electrochemical Estimation and
Constraint Management for Pulse Operation of Lithium lon Batteries. leee Transactions on
Control Systems Technology, 2010. 18(3): p. 654-663.

Santhanagopalan, S. and R.E. White, Online estimation of the state of charge of a lithium ion
cell. Journal of Power Sources, 2006. 161(2): p. 1346-1355.

He, H.W.,, et al., Online model-based estimation of state-of-charge and open-circuit voltage
of lithium-ion batteries in electric vehicles. Energy, 2012. 39(1): p. 310-318.




19. Habiballah, R.E. and C. Mo-Yuen, Adaptive Parameter Identification and State-of-Charge
Estimation of Lithium-lon Batteries, in IEEE Industrial Electronics Society2012: Montreal,
Canada.

20. Shen, Y.Q., Adaptive online state-of-charge determination based on neuro-controller and
neural network. Energy Conversion and Management, 2010. 51(5): p. 1093-1098.

21. Chiang, Y.H., W.Y. Sean, and J.C. Ke, Online estimation of internal resistance and
open-circuit voltage of lithium-ion batteries in electric vehicles. Journal of Power Sources,
2011. 196(8): p. 3921-3932.

22. Astrém, K.J. and B.r. Wittenmark, Adaptive control. 2nd ed. Dover books on engineering.
2008, Mineola, N.Y.: Dover Publications. xvi, 573 p.

23. loannou, P.A. and B. Fidan, Adaptive control tutorial. Advances in design and control. 2006,
Philadelphia, PA: Society for Industrial and Applied Mathematics. xvi, 389 p.

24. Fisher, T. Interactive Digital Filter Design. Available from:
http://lwww-users.cs.york.ac.uk/~fisher/mkfilter/.

icienci iNREL
@]
Best Research-Cell Efficiencies .4 INIX
50
Multijunction Cells (2-terminal, monolithic) ~ Thin-Film Technologies Speclrolab Fraunhofer 155 Boein
f g-
481 ¥ Three-junction (concentrator) ® Cu(In,Ga)Se; 54 smar
W Three-junction (non-concentrator) o CdTe (lamcgeda;med ;
A Two-junction (concentrator) © Amorphous SiH (stabilized) Semicenductor (a“'w '“a;w
44 1 A Two-junction (non-concentrator) # Nano-, micro-, poly-Si \ 3 44.0%h 4
: (meLamorphlc 179x (me(amorpmc 240x) 406%)
OFour-junction or more (non-concentrator) O Multijunction polycrystalline fii ! \ : Solar
i " i Juncti
40 Single-Junction GaAs Emgrgl!lg PV‘ N (inverted, melafWPh'Cl e NREL (inverted, (.am;'f"a'?;ed sm'"%b
ASingle crystal o Dye-sensitized cells NREL—Q,} Bocing. - emODAG, /5, 1-sun) SEETAC
A Concentrator ® Organic ce 2] r— Spectlrnlg s i Sf 37.7% b4
36 in-fil I A Organic tandem ¢ (Hs NREL (inedied, farp (IMM, 1-sun)
V Thin jm C'-YS‘E‘ + Inorganic cells ey SPectod memm('”,ﬁ I “Sharp (MM, 1sun)
Crys_tallme Si Cells < Quantum dot cells s Specotab o Jocep sttt FhGISE {f=m) 32.6%0 4
_.32f "Singlecrystal NREL  Energy = ESUPM" (117, "o Uoiees »
S O Multicrystalline NREL Spect Radboud " (1026x) 1 30.8% Y
~ # Thick Si film Vanan (215;) (4.0'cm2, 1-sun) Univ. FhGH ISEAA /\ 1%
> 281 e Silicon heterostructures (HIT) (@S AA \REL e r
8 WV Thin-film crystal Stanford g =~ = —f= = _______).___ —A At 26.4% oY
S (1409 =" Kopin g FhG- Devices Panasonic grarmm
C AU mcem===mmT —— 8% NREL ISE o
e S . sigasaws T UNSW  UNSW Cu(In.Ga)Se; San EMPA
= BM A-===" UNSW/  (14%) Sanyo ¥ Sanyo
w (T.J. Watson UNSW Georgia Eurosolare ZSW  (Flex polymer sub) -
20 — Research Center) ARCO A Georgia Georg:a Tech o
Sanda Westing Tech NS NREL NREL NREL  ZSW  Solexd] DFirst Solar ~gHpg
Natlonal Housa NREL % ol (o]
- E Global
- University . Oniv. First Solar
16 RCA No. Carolina So. Florida == = TroPower \REL Smngvar( D’( Mitsubishi 3 esearch
Mobil State Univ. \;‘ ARCO Boemg \ \ NREL (smal-area) ,/’ g45 umthin-  NREL Umted Solar Chemical Electronics
Solar Kodak Solarex X0 75 7 NRELEUO-CIS United Solar 7 im transfer) (CdTe/CIs)  (aSiincSincS) (czli%gsé) &80
121 Bty vy —Shatp_ o UCLA 2
Matsushita : e 7 Epp/l_ Kaneka yolked N e pog .
8 pod ==t ARCO " Unieg Solar  EPFL epn S NREL/Konaka S— ‘\\ Helatek
Boeing RCA Solarex EPFL ongiass) i \\ Konaykav— s UCLA 7.0%14
. *‘Umversnty EPFL Gronmgeq OGN\ Univ.of
4+ of Maine = _ \, Plextronics“[niy, & Hellatek X Toronto
aca O FoA University Linz @—Tjrversity Siemens  Dresdén iy ()PbSOD)
0 | [ S T Y TN S T T TN N S T Y S S A T O Y S Lmz T I T | | Ll 1
1975 1980 1985 1990 1995 2000 2005 201 0 2015

Bl 1 =B % % HE > 2484 B (F 4 & & : National Renewable Energy Laboratory)




fff A TEAE, MBS ii
Basnc gundelme for Zero-Energy

[BRE + BEREIR = ThE
Low-energy + Renewable energy
= Zero Energy

B2 53k i B(ZEH)® P ® A

Low-energy Vehicle

MEREE’

Zerd;Enery House

é #ha%stActive des:g\ri

KIBEE S RUBE
Direct PV-driven air conditioner
or heat pump

(pmRas s )

Passive design

. EREZER /EE A fe R N |- Hmeemm
i i solar fresh air exchanger
- Renewable energy || oo
A AN )
Low-E double glass BRI A TS E LS Smart control for energy saving

e Bt
* BRSNS EHINER Solar PV system (nMPPO)| | *Z 2= 5Kl

. sl Spot coolin
\\Vc‘entllated PV sun shadej  REA AR IHEE TR ERAM " ﬁ\pAﬁ e 9
Hybrid-battery PV Vate

\_ charging technique ~/ \Wa‘ef cooling system (FEE1k)

B3, & AT o« Bl XA HNRT ST 90 450 0 R g




.....

.....

r—
I
v

Modules ! 1KW DC
I 10V~15V
T I t0 AC 110V
‘ T ‘L Inverter 150W
RS485/Modbus . Air Cooling § Compressor
—_——— > nersy Controller Evaporator
Management Condenser
Controller DC 12V

RS485/Modbus |

Photovoltaic

v

Battery
Management
Controller

PSI

i | e Lead-Acid
Battery ' ¢ Battery on EV

12V 20AH

1 1

Apogee

12V 120AH

1KW AC110V
to DC 13.5V
Converter

AC 110V | o>




Power (Watt)

Solar Radiation( Watt / M? )

EMC Operation of the Solar Powered Air Conditioner, Testing Date: 2012/12/28

500 ,
400
300
200 1 i
100

0 '

J Power of EMC Qutput (Air-Conditioner)
Power of Photovoltaics
-100 —— Power of Lead-Acid Battery !
—— Power of Lithium-ion Battery

-200 ,

9:.07 10:00 11:00 12:00 13:00 14:.00 15:00 16:00

Time
The Amount of Solar Radiation, Testing Date: 2012/12/28
1200 7
1000 ) ./
800 — —
so—1 > g ;‘ J it 7,}ﬁ<//4>b> v ]
| | A o \
A A [ DA . ' [ L -

200( v Y

N | LA

9:07 10:00 11:00 12:00 13:00 14.00 15:00 16:00

Time

% p ) 2012/12/28)

% (Rl3

ok
k=

G

EMC Bz




Power (Watt)

Radiosity( Watt / M?)

EMC Operation of the Solar Powered Air Conditioner, Testing Date: 2013/01/11

500 I I I
w00 i .

300 —

200

100 _

0 __ | | ] _ —
100 | ! Power of EMC Output

Power of Photovoltaics

200 HELEH A nila ,__ _ Pt of it on Batory
-300 ,

10:31 11:01 11:31 12:01 12:31 13:01 13:31 14:01 14:31 15:01 15:31 16:01 16:31

Time
The Amount of Solar Radiation, Testing Date: 2013/01/11

1200 I I I
Soo- 1 \z _><>, | i
sool Al 51§ S| | i L Ll | : ]
ol ] :,; RN R N0 VST T ,/:, (I T TR \: -
So< /\: Z <§ Ct 4 g g ? /: \ \H
200/~ )\\f\(/\/ W
mﬁ,ﬁ 11:01 11:31 LHE 5,9 13:01 13:31 14:01 E,“m_ 15:01 15:31 16:01 16:31

Time

% # 2013/1/11)

G

(iR

G

EMC gl

» 0
g3

B 6.~ 1




EMC Operation of the Solar Powered Air Conditioner, Testing Date: 2012/12/28
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2 T Haw BSR4 F & Sokit A 47 (Rl P # 2012/12/28)

Parameter Value (After 9:20)
Average COP 1.846
Average Air Cooling Capability 672 Watt
Average Total Power Consumption 363.8 Watt

Average Power Consumption of Compressor

255.0 Watt
(including Energy Loss of the Inverter)
Average Power Consumption of Condenser 12.2 Watt
Average Power Consumption of Evaporator 59.3Watt
Peak of Compressor’s Startup Current 103A
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