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e

WK JRRIEAT T 0 R B % FIRBEAL K R4
Mo e F o AEIRRAAEE 0 REERA
3 0.1~031U F¥ o

w%,%4?@ﬂ$ﬁﬁW’P%’
34};]\)? ﬂxi 80%1r4 1+ o

= Spezyme CP~Viscozyme L~ Celluclast 1.5

L 2 cellubrix L = f&f%% FPU E B2 > %
%% 53130652 67 Uml- &3 ¥z
SER B o

CHEXREARTELEAR 2 TR A

PEARIE AR5 A B i 1 Rl 0 P S
5 90%3 70% e

LEY LA B L E s RARRE O RRATEA

IR R A= EZF endoglucanase

exoglucanase % cellobiase zk |1 422 f¥=*

Bl EFZ 7 B 2 RApEE A A

P

2 L H AL ERER]
(1)1 kW SOFC* # # 3¢
,ﬁﬁ‘é_ ik kuE

CRF007 108 FIFHAE AT LZHES -
AR AL BT F At frL s o
R SEWAL AR R BTG
A A A SN TR a I
% ASOFCH 1 kWA & 0 ipp & &k st i2

25 Rl % Hy  38~40% ~ CO : 9~11% ~

CHy : 0~4% -

;«; §brwm«mWé€% i F A

gsp e 2 kW BT RE § AL ke

FRBAT i R R

A z+ TkWETRE B fHFas Bt

B. 222 kWHTELEFR T H4] 0 Ak
FERE .

C.oma 1 kWHRTRE &F Mo g SUEH
PLE AR o

D. &7 2 kW % BAT RH 2K 2427 4 1F o

E. 2 EXFET A2 1 kKWHT
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3AF T B HeEPE
iy
M= PATHEF L AUATHF Lt i grzd fady
FRp kiR (R YpiTEE 2 M RIEEPIEE
FSINT/) P B2 2R EAAE B AL AP RARES
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B g it x> FE LT R 10%IEEET & 2§ £ E>9
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%Ji’%‘iie » BURSBLRIR Bk B 4 MR B
A 2
C)BHETAFT o0
LBEF g A E|fs A TEMRA B ENF e | e PR
B L EEAE B ERDE AR TR AP FAFRLRT Sl
ZRfREREZAY SR %gﬁﬁgg oo o R LR K Sz
(= = fho G R I |2 2 0 2 Fadletle € K2 pE -
o r2 E

2. kW SOFCipl3 i st
()% 21 kW SOFCz?Jpé

P
f su

1.2+ % 1 kWSOFC % % 71 # & su- RAgp|=
74 HTc = @ 12 ¥ % & 1 kW SOFC 7
PR LT AR ¢ GB(T R AU T ORIE
F]HTc =~ @2t 12 7 21 p 2 Email £ =+ %]44

A E R RS E RS AT AT
R 96 E A X FRIE L o Fr Ak

ZLp w A2 dummy stack € T kAL i

(3| fsz‘
2. 2% 1 kW SOFC % 7 4 %332 BOP 4 45
3. RN X ARG ERE kM2 E 2 350 0] pEiE
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FHE SR PE-002
FRRE e
R T RLPEE B o] GH R S 2 o
5. R R EBAENE A B2Z KL PR RR
R T H YR BT TR AETE 700TC 2
oAl o
(2)E I LA BgEy
228+ 895%% > 2 HEP IR
§77% & % Class 100,000
S
(DBF B3 %220 Al 23Rt &AF2 Ly PECVD 4z %
E %~ﬂ$ﬁ%ﬁilﬁo
2.V EERIEII(B%) FRBEL AP A
oA o - (SRO) ~F v
(SRN) ~ & i* # (SRC) ~ 24 & # (a-Si) % B &
T 7 oy g s S8 4
& % 10~100 nm/min -
3. M-V %X g3 Eamd »r3 g
VRERBEEAN S > eI RER R
Bifchi T e ke ilaekr -
2. EEEF BT ALYk HEP IR
R
(1) 8 AR E & 7 @[l §1* APCVD = 2 » % 1~10 nm 2 ~ % -]
7 S s SR RS S A
20 AR enP ok flc: &R A G 800~900C -
B #L % SiH,CL+N, O -
3. %325 nm g & 2. He:Cd § 3k jegd ™ » £ 18
= 400~750 nm i ik £ fo 2 kG FIR
ARALTEE TRBREE - PRz e kk
e
(T)%4 el mpwra kg2
134§ =2 sy “HEP R

ig]’l/#g_ﬁvl-\t’ ~

RSN

(D)E 7RS4 6 235

3 ":»7

%4 SOFC % 2 Hii# 3t ¢

1.95# 6 " 6 p~8 p ###SOFC M3 ¢ >
P @;g;ﬁggg s B g A g 140 4 o
95 &30 17T p~18p »&r 544 v pLEE
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1.SOFC : OB L pbind i Qs
EAT% s 2 el OB BHALeg % R
#E @2 SOFC et e 9 ks o

2.4 Fir @ = 4 Bt 400 g/batch 4 i it
TR e sl R B @3 007 48 108 %
EpWAL TR CEFALR B8
TR TR R REAT R AR
FRESTREMFLEE A ATRLR
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£ R O
OO

FhE RS A PE-002
EREARTAFTCRBEFE Y | FHE
BIP ohsr & 4 6 150 4 o
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FRE R P RE LY A AR
Mutual Fund% 3+ 39 58 » # ! ;2 72 RF 2L i
FoA95ET I 1T P~200 FAERY
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2.6 k2 SRR R A % o
3EAERAE XS T FARY -
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AT RAET AR A R BT

cE: Pt EWEEA Pt F AR
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ﬂ:ier.%‘rﬁ?%; o #H ¢ 12doping 5 wt% Nb,Os#

Fo WA 1T A S L 3.13%
W@ip—g BRIt HAE ) PTIO A & 2
7 4eP25 2 LN B H I ICBR P25
oo % Y FTO &0k § 3% 20 % 9
4.50~5.20% > ¥ * TiClyaif o 2 45 {5 H & T
ey HA 1 47-58% -
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VA EREER A 10nm 2 Pt # 3 ghacit B

T A Eakdd 03% 2T 1.6%

Wit
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ﬁ“—fﬁﬁ’ém}m%ﬁ B E R I 5 0/ OY
=
W g BRI SR R M G KF 10
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>
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L‘J‘F’l‘!;?_,fb' ;L,f:&i,{.?‘ 4'2%0
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7|1. §1* PECVD# iT@ &5 (g & K3~ 4714

Foeigd 3 HY/SIHR & F MR 6T

T ORI R fg?ﬂs*:,.‘%f# e W oA iE2E g
A

7 f‘v\#‘r °

% = p-type % n-type?tdiy 7 H R 1T o A 7
p-type 7 H W2 Bk R T A KL 107
em™ > d UV/Visiblesx 4z % 3% ¥ & & # band
gap % 1.5~1.8 eV o n-type® = 10" cm™ »
Hband gap ¥ 5 1.7~1.9¢eV o

B0 B
B PR eV AR AR B AF U
P ® FiE 1 um ~ Eha i Si(111)2. 5 &
FOE BB R NP EN B R

B

. A % PECVD intrinsic layer 2. B R % p-type

layer 2 @lﬁiﬁ&’ Bab p-i-n SRR
WA PR 2 vk Pk ; & 3.7% -
il ek @l'FA TRtz T+ # M

#] 1T TI/PA/Ag } T 15 A B REr B B & L4
PR S S B R R e

&8k

()= % & BBk &Y
C R E F SR
-y

. %% 12 Gaussian03 F£5% 4 47 % &

A T A N i

= oA
TE MRS e

§ f* 4% anatase(101)
Foo b2 BEe S BRI

. iE RS 2 XRD-RDF £ 1844 453 i3 o
. %= Si-cluster %% JF T 87 fk R

I T SN
P P

f#%lba %\,m/w\—z-z;&:’% °
2z A BRATRA Rel
T MR 5?];?51
(D= 2B SBT3 B4 X B T8 e it Bplasgr
4 %3_%{,;3]?51 o E Rl RAPIEZ-RBFEF S 8mxImx3m(LxWxH)e
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5 kW 2o X B %s“:’égf%iiéi P E
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fR2 B BT RN
GRS EEN & X2 ¥
3

(DEz ZARHZ2 5K
BB k2 B iE R

»:»,3\\,2__1 6_J ,1"%7\}
,{JMJ GFz EBEERIES 2 £ 24 300 mL

ANF BEE RRAF R 2K EE
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f L2 Tk 2 6 R
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3R B ARa M HRERFER L HA
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AR S AN el SR g e
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&z B oo R SR B RR R
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QiR FaE2 TR
EELY SRR T B
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DAAERRE R SR AR T E 60% 5 b pE
EREC S E R %ﬁiﬁfiﬁk’v%vé PEEkER  H e
BREZ R e R 10 B s F L R

R AL 1 2 |1
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-k 5 90°C ;5 60 min)# AJR (s - H s 2 f2E ok
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Z BB E R RIER (RIS 2RI BRYNEDREE K2
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i
DR BEER-REEZFICFEREHEERLIIC T2 kEE2 |(FEDE
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2.1 kW SOFC * # # 3% i
ﬁﬁiﬁﬁwwa$
(DA & & 40~50%

"R CGEE/K 2 2/1)5k & 33 mL/min % & 42
ARG EE AL L By &
FodrE2 H 4 F e H2 38~43% ~ CO
8~13% ~ CH4 5~10% o ™1 F Jis 4~ (7 iFpk % k)
FREIAE LR R2ZEFASFTE 60%
Yo AF B R ERTKWSOFC #§ 2 & -

&8k

()% % 720 - BER )
B2

%&3:ﬂﬁﬁ€&;3%@§>;f§ﬁﬁﬁﬁ’ﬁ

SR MBI CFERFALTPLELDE
ﬁmﬁ$1ﬁ%%£ﬁ’I%U@ﬁ$§£%
e o222 1 kW SOFC * 2 # & ;S iFpif & & ##
A MBETI R A2 - L o = 960 /)

LIpPY P o

A RLRISE -k AR R

&8k

(Z)APTAHR A8

1. % & kW & SOFC 7
$ g

12w R g 33 1 2% 34 ge9-4 0 £ &
# %2 @i 4 Crofer22 ™ fie 2 £ 0k
B P BAEFEE A2 EE Tk

BRI B 4 Crofer22 £ #P § i & ##

fy h
e
P
e

WO R s g v 800 (] PR % o 48R

HiLE s %éﬁ’«'iﬁ‘fﬂﬁ” 1/5 -
CRACZ KRS HARY  FRER R
TaRA ww&.aA@ B A 47 o
RS FET A PMARGIRE 2 e AR
i .s«b"/?']éf’—“ 750 C am» * LT R L 0.795
Vi 7 2R 5 498 mW/em?» # & 1 ,008 Wo

&8k

2. 7 2kW % SOFC % =
/, .zu\ﬁy\lilLr/Q)‘L

[S—

C A TKW i s
B4t F PR
e r 2R FFEHS SR
z*$&$€w%ﬁuﬂé
3. 2% 2kW SOFC & saprd k23R 2 » & %~
TRedabphitpml o oY g Ea
B~pArs 2R RS

N

&0k

21




FHE RS #a PE-002
(2)REFBFRAB 2 BEFY
IRl Sl (A B 4L
B GR F R A
(DT F 8 F g Ap|l ok 3ieh4r 2 385 TR ~ f@ﬁlﬁ;ﬁﬁ s
AR R L2 BRFCEIZRACFEIZIRFPEREZ
(ECR-CVD) e SR s (RIS KMRETR
BIFR ™A 1E-6Torr » & F i iTE £ o
2.2 2 kAR B s e TR L b
2 7RG 3 i® o
3B 2R A E R BT 57 i 100
Amin > BERFH4c D 1.2 pm 2+ o fe g
B R¥ag pimiEid o
2EF RS LT Lk Yk Yy

AR R EATEIL K

i

()BT T 4240 T R <
5 V/pm

—

. 7L

CRETE WS L R T A

£ g E #2530 nm > £ A K 10~15 pm -
PR AEERAKL 150 um - # ¢ FA5H
23 FF R ot R HT M3
V/ium > §5n % & ¥ i 10 mA/em? o

RS ZEST I EMRR A Y 2 K

#lir, pae v pf 1-umSiOL % & » B &
% 2um e

R A ERP LY W R Ui

{7 ICP 4e 1 (i FFAT & 10 pm 1
P ET RN T E B A AR
SRR ELE SR LA AER % &
%4 380 VR T » & 10 /) pF 4k 7> T
75 R (0.73 mA/em®) ik #R 48 T o

CRAJI 2R RCE R SR R F

FEIEYREWZ % 700 VIHEITT

BT A H T RAIELE LR -

CRFF R E 4 i (APCVD) LT §

v g E R 2 3 R 1 42(800°C
)4 h EF- 1~10nm * -] 2. 7 § F g5
30 g R s EE 325 nm Bt K
LREET o A2 - PR 400~700 nm A &
26 kKR
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=

o BAEATRORT AR
P EHAT R &
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R Ty
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R TS
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ﬁ'

S
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2)

T 73 4d £/ 2 A
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(2) & = & »uie 2 42488k (LiFeP) T
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B

i

h

“bﬁ‘*ﬁ-lggﬁ'Tﬁb/)}'ﬂé_ SN i ’ﬁ%ﬁ

PR e
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2R 072 48 RITE T BRIRET

4)

PR Euc L E RS
EERERCIRE A S g T ok
HEeEHR

(1) %= 013 453 T R AT RE T 3 L AT
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7 ERAS
(" )ﬁBBBP %'a;r_'.f‘; %’iﬁh‘?}%

LR ARG L% TP FRERY L FE AR AR
BEg ey M i L EFRLEPRN TEFYAH TS0 4 40(7 & P 1%
7 ’ﬂ'» APCVD = | x40mm®~ 5 & 210 pm2_ 5 & %8 3% o
o asE A A2 41 APCVD s it 78 Bk £ £ F 5% 0
HEH 15~20 pum 52 % | 40x40 mm’is & mp 1+ HIFPA B R A K 0 ¥
AL e o B TR K 22~65 Qlem’ ~ B3R 9 5 1.5~6x

107 cm™d SEMBLEH 5 HF & &R 4 5
20~30 um > A E F & 0.67~1 pm/min °
E AT AR 1,giyﬁ;{)§; CHE bR BT RS EAR LR
Loh1 AR EE 2 &’ FRAE L N SR R LA L
25 mm’ & ff ~ /| ?5@3 T W ARsRE o g w7 i 1591% -
BELFIBTS AN 14.87% ~ 2 12.01% -
2. 5B RP/E AP BRI FREEE
12.26% ; & & # /25345 &-(off-spec.) % du 77 =
g saF Al s 5.08% -
3. 41% 40x40 mm’2 5 & s AE 0 BT B A/
e & SRS T p ARk 5 10x10
mm2. 5 B3 s iE 7.5 % 0 Voo ~ I & FF%
B A 5 053V 212 mAm’ R 67% o
TR E Y g RIS ,ﬁ'lé«IE’_;é‘n;%'i #7238 DFTB+ > »r 4 32| & p &
EREE i TE¢ A SIN AT I R FTRE KR
- J 4P B #% ~ >% Int. J. Quantum Chem. °
EEPNABRERER|C &2 J‘%ﬁ‘b TAWERRE RN TER IPEPE
Hojke REZFPIHBER s e p TR S
?%iﬁﬁ@ﬁﬂ&ﬁ@ﬁié@ﬂzﬁ@?
Mgz, P e A 24 e 2 CPV T
Ber 2R -
BEALAHER A FHERARE D AR B R (57T 2ASEEH 2 B (R &P 1
e TARE BRI TR 0 ¥ S Mk;
RS IR I 3 LIRS LY LS S
¥ EPEE o
FyARs A LW PIms 07 (ZYHFS5h EESFERE
k)
2.RAFTAEL NE(GGFETRETE ~ WP
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el

€R3h RHHER1IE -RPHILE)-
2AE IS K (5 # 128 ~EB6F)-

Yl FAEARL O SOR B LR R T 2 B

2”'1%\35@?5»2’1?/”}\}\%”"/& LR P

3.% R ALARE T S kBT e

ik i Sdc(log Ro)& A4 ~ A R34 5 2
SRR KRR R AT T e P 2 R R R
WoRfRR AT AT 2 o FRRES T
200002 2 min 3 (FiE 2T > BEw S T

63.6% °

ZEPEEEE L pEERERITRE -
PP B plE o T8
PSR ﬁi"“f K- A A S T
RISz AT ek B AT A N R
e i 5 Bgor > 200°C ¥ 10 min e (FiE 2T 0
B T i 73% o

# A% 1t 2 3 242 % (SSF)

= = Bench-scale &2z_F

1.2+ SSF #z /i@ $p2 2
cellulose » # A E 1% (v/v) > F JEg & 38C
P L R R EGE B RJZ W AR 2 SSF
A S F A w7 E 75%% 85% -
ZL%f";EA\”N\p#m%J SSF # it 3¢ & 2 H
o g B A e B R & 0.05 g/g AR
FeE M R KRR BEFHT RS 10%
PREET R E AR SSFA T 2 gk (T
ERERAE N 293 I E S = ShalFa i g X ik |
Pps Lk R A 2-8 g/l 2 fEfRok R o A
PER P R T i 90% F BA T B A
% # 3% SSF 2 425 o

15 FPU/g|#

L2 = § i plar i
(WGS)F 52 COEH NS
FIPLEL T S PR R A AR LRI

2.WGS F J* B & 400C > 7 #-A2 5 ¢ CO k
Bd 15%%13 12% #8132 COEHMES
“F R TR R 140CHF - A4 ¢ 2 COER
¥ 'K 1 47 ppm o

TLrSiﬁfSA}vo\‘QJ;{

R ET

B 7 St 4 32 0 B Rh/Ce-Zr-AlF £ | 7
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FHE SR PE-002
ot A« PPl EREL o £z 1 KWE 2 5 e 7 26 % (624
opEYzm A R AF P 2H kAT
415% » Hy ~CO~ CH % 7 # § fk A 7 i
7% » A 5 85% o
20049 2 RWCe-Zr-AL it £ 2] 442 % 720
) PEZ 2KW OFW £ A &k S A RIRE
F}f%agi ’*L;% L RE TR F ’ﬁi‘—?ﬁﬁﬁ o . -
LH AKX H e *a\ﬁ%a‘n'\ 2kW & % % %L o
R aRd A AR IH A R(FY 3R EE FERR
B
2EAFLHL 260 H(GFLEL 25 BR
fFR4R) -
3R FEJY 4R o
(E)HHETAFT i
S e AP @ |1.Crofer22 # & ™M R 45457 AN IO um E R 2| &P

Ni & > ** 800°C % 500 hrs 2 10 thermal cycles
o d BHERG &AM TR T H Cr ik
2 FERE P S L4F o

2.7+ Crofer22 APUR 4% 4.5 um 5 2. LSMP 5 & 3
TEUEERE R 1,344 hrsd= 8 750C 18 » 2
B HASRE d 1.996 mQ-cm’ W4 5 2.606
mQ-cm® > % it & 22.7%/1,000 hrs (0.453
mQ-cm?/1,000 hrs)

3.% % gc9 in@ﬁ;}:iEﬁ;‘E_ﬁ EXREhf 4 8
/EH”“'A,\Jffr o BB 43 800°CTE A5 A A 3 41:#9

fodp 0 HPLE R R Rdp2 it A &4 B 5 485

3 417 kJ/mol » % < 8 :# %>10°C/min F¥ >
A= 50%pkimia g o w2 [ LS AR o

4.:% = 2 Xeray ¥ Bl T 4 SR B A A M S
2 PREOR R R BT AT B R A AT
BT RS AT e
5.% % Crofer22/gcO 33 14 £ % B %3 & %™

F £ B(50 cycles, RT<«>800°C under 2psi

He) » 2 3 8 £ 8B S5 £ p(800°C for

1,012 hrs under 2 psi He) » H 8 iF F 5430+

B RE > %FE gc9 #IFE L L& Crofer22

BEF S E B2 B4R 2 (stability) 2 At
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A 2 (durability) °
%% g9 7138 14 % &7 PEN = (InDEC ASC 1)
¥ 2. % :8(800°C) At 4 |+ (durability)sk & » gc9
AR ILE YSZ FRho w3 EELFR
(1,000 hrs)is i a#&ﬁﬁcf REF ek~
FEPRATTBF o
7.% % ss441/ge9 I B L B E(B00TC )& F
(0~1,000 hrs) & a2 3 5 2. & ez % EDS
BRI A A7 o WEF 45 E PF R 40 (t>600 hrs) > Cr
PR gcO BIBM LY P A D 2% g9t
BRI EH-

8. % = Crofer22/gc9 % £ (800°C )& PF £ ¥
(0~1,000 hrs) % & M 4h ~ % A £ AJL P
Rl 4T g o

0.2 *RIFE L B IHM- WA WAz o
((T)3x(L1)50%(L2)80 mm’ ~ (W)8 mmi=3}-T 4=
#33 > dekEE <0.3 mm) °

10*¢Eaéﬁﬂ%mﬁf%ﬁ%@4ﬁﬁo
1122 ASC 2 MSC 7 # ¥ Hikl % i &5
AR o

12,3817 5 & % sadiciE ~ 7302 =

132 = »1p p % ASC 2 MSC ¥
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INER-C25A I 58 {7 df A Pl5E ¢ o
2% 150 kW b 4 B % Al 3 T
FHFNRMLE 7 MPPT 2 = 4p% ¢
HOE L > B Toka A RE R Bk
Fore BgTPEE - R FIBRTREE-
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e E o d §AFE S50% For kLR BB EFMAS RN -
[V

(2) BHAF S & BIFE e ®F MEs B EE e

() MAFE EBEWEE L Y 2 kKW Bw joE B )
BARH/RCER T E 0 AAETREE ka0 1R R
g g o (E] 3-3)

() BHET#HFR I

1. SOFC T i # v %  jirz B
®

(1) “InDECT » 5 52 3 7 T >0 3 iv3T & 0.75 Vcell
R KOS W o 3$§;w0mwmm (%) 4-1)

()% & 40 ¥ EKSOFCT # s 2w L pld » ot g 1kW
11 b o () 4-2)

G)aesam AR > e - x*HY 2T P ETHREFT T
B EE W Jﬁ" ¥ 7 & (degradation rate) = 0.47%/1,080
hrs (300 mA/ cm?) » @ {4 Jﬁ % 0.24%/504 hrs (396
mA/cm?) > 3P T B2 1%/khri % o (8] 4-3~4-4)

2. SOFC % soltpiez 2 B 2

H*

(1) 1 kW3 7 & Suipl3# 1,056.7 hrs » ## % d 1,033 W' 3
1,016.1 W » % i & 1.55%/ 1,000 hrs = (] 4-5)

(2) p FRAF X SOFC #1 ~ i o3t §F FHE> 6 - &
A RQEREREBZ 272 A& "R E> 6 &2
P pEABE TR w4 Hi e EBZ 2
A FARiT o (B 4-6 ~ 4-7)

(3) ** SOFC RI:FA M > & »E = 75W 300 W £ 600 W 2
HARIERHET L £ 2 12kW 2 2.6 kW £
AP AN TRAEF N R RALHEEL 2KW
F T g2 PR kS o (B 4-8)

3. DMFC & 5255 &

#i& DMFC & S48 £ 2 $iiFic 4 » 2 % 50 WDMFC % 7

38




R R I

PE-002

B Bt R YRS b oo kAR 100wt%5 P iz 2 &
PORRR R BARFIB T A S T AR 2 M
AREER S WA B e (B 4-9)

() 274 &HgRirs Ry Eif

LB B E SR T 0
B PR LB G
45 300 kW 2+ p A58
(autonomous) #z & & BT
oo BEE B s BT

RSN R E 2
SN 4

‘—.

<
&AL

(1) & * EDSA i& 7 icd) T #3135
I SR SRS & WA Sl

Q) #£iEFRE /O ficlez g+ » % & PC-Based p it 4]

®o BT R REIAELR RIE A

A %“:4%? A FIE R TR ETR

;4;]:3";# R,,J zi?%vg;i‘i—w,-é% °

4) % Micro—turbme % online UPS #7 it & & 2 7 5 g 11 454
ARG o A R e R kAo

G) EFAATERERNRZZRT AL T o142
BIFET S AH O frE > B2 kA BRI - (B 5-1)

R

) = sk

Ehag |
'li tp e (soft-sw1tching) #
T R H R Ao

(1) 2% SOFC & * £ 3 j3r3ix(soft-switching)feites B jimiiy 11 e

T 1.20~100% f FYFRT 0 S >96% 0 BB 2 >97% o

(2) = = SOFC % * E 7 4 *7 3 (soft-switching) 3 2. & /it
B 32 >97% > THD<5%® # F Fl#c>0.99 » & § »TF

>98% o (1] 5-2)

(3) &> HCPV 420 V & jnfi » 110/220 V 2 i o1 2 $eiin
» BB 225 >98% » 20~100% f $>97% ° (B 5-3)
(4) m\ 25kWh # &% XABFh#F 2B FHF A% E

“h

# MPPT &2 = 4p# 7 BB FHEF>ai A RER
B g o 3o B 25 kW b 18 INER-C25A - Fifig
7t A RIGEP o (] 5-4)

(5) == 150 kW h # &% XBEFHF WP HF N0
B> 7 MPPT 22 = 4p7 ¢ BB FHEFAAR

SRAG T BFETPEE RS BRPRE (R S-5)

(6) 45T 4 A SR Y B A 5 HEE (7 3k Fllic T
EE AT FFH Ao Fllcz 2 2 o

P AT IR P LS
ELE IR A AR

(1) 25 RE b 83 Fie 7 FTHL R # - (B 5-6)

(2) 150 FEah #R] e 22 p 6 4 T S ERE P
IR 2 RRRR ]k g B o (B 5-7)

(3) & H5 IEC-61400 4p B 2 o1E = K 3-SR 77 2 40 M oo

% = MARKAL- MACRO
=B E L R
2R R % 4
MARKAL-CGE # & = &
WAl 2E 2 LR TR R 2

~

(1) © % & MARKAL-CGE # & #= & 4] 2 i = »PV~HCPV
% BL 4P A %2 GDP * 2025 & £ 7 # 4 940 .ﬁr
» 7 3% % MARKAL #73] % & % B 55 A 45 4 4 47 %
Jc?,a 3B 32 F A 47 o
(2) 4% % & B AP 2 LCA A 47 o

39




FHE S PE-002

3E sk F A 47 (3) = % MARKAL-MACRO %]z 1 ¥ & 3% % -
WA EE 2 ERF AR E XD RS o

A NP EREFLE
(= ) pie= 3
1.7 g (v 4 o)
AER RS LAY H59 (5&H16P\d%d431)
a lE‘*]rf:uj;t,{h—_%’f z_v ’3“3{ WA EBRA AT
(D) Bd# f"iiﬁ&%zﬁ&
i%%%*ﬂ&@?*ﬁ%%ﬂ’%ﬁﬁéﬁﬁﬁﬁﬁ%%f
BEIRR O N ALY RS §HTRE OB
SHEM FERIAPM LA BEA, N BE A g ]
Bl o 1w & fmd & PeheT
A B%EE rr_‘;,%‘ﬁ“gé.aﬂﬂgﬁ IV W SR NI N R g
B. B flizd R s dap Y EBEHTE R
U
C. B s dm 48 T 18 0 4F T 1&F Wi
BERATTAEHE P T AL N BB
CURAR LTS
EBBFEFEEAHEM B RFHEN > B S LFni
* 3L o
F. A2 Bfle @ sSe 9k g9 (M35 /6w
FRATAREAERTEDEEG ) Gdoi- 2. [£2))
(2) B Bk X 1B kg Tk iy
98 EFRBMN B 17 # > 2@ 5S> 1229 gpd o Hd 4
BB 2 S R Bkt e A w4 10 #2 2 %5 <
Bk R T B {2 22 B e B & {13 2 o Rk
SHRET FAFEFEIZ S AR EHEE Sk Hid
AR AR 2438 54 % T 17 2&|Y o H o B
FI19 RPN HEESD - Gdogsr- 2 [£2 ])
(3):‘}_?— hl&ﬁ:}-‘% ,;‘, U
LRI E- S E S AP S A LS N R
Foo 7 B ROR R 2 fRRT R 2 HATT IR G L 0 T A
WP AR T RS RAFH RS AT E A

w)

40




R R I

PE-002

PERE (PP o T AR T B A B U A B2 W A
WREFEAZLRATE TR M AERERY R
HE RPEEF 2 LY Gk uERmE e LR R
oo L e ATy 3 SSFARR 2 A & & o J e A R G
é%@%ﬂfﬁfo9&&§%ﬂ@%4gﬂiégﬁlﬁ\@
Y 3 ) e Rt 2 [£2])
A)BHETAFT 5
AERRABIY FBAR(GEF3IAE YHF105) 2P A
Qﬁﬁg&ﬂ*sgxaﬁ§W%§%@2” FR RS
> oo Mmoo KT R T
T (g‘i&wﬁ&’v— 2 [%Zv:])
(ﬁm Bl REERBREH
%ﬁ& SEQYH I A(FER2E Y HF9R) L&
AR A iRt 2 T4 A I o GRS 2 [#2]))
FERL A ALHE ﬁ}%/’v\f{ AR AP R RER R 2
ARF > pw & T A ﬂ‘\'/L,_if\’—‘Lr%Tu‘éﬂfléR%' ’57;:‘*
R Y R T ,b.ww LT # ~ S Ha s ko E 2
ﬁ#ﬁh;é@,f%ﬁg&hﬁﬁ‘wféﬁﬁﬁ %%
AE-1 BT A2 g 22 (5> TR FP A EFE -8
B RRL KGR 0 R BRATEAT A ) A B
&% A

(= )g A ’]}“

g.L%%@ﬁﬁﬁpFﬁaﬂ"’;JE;}i’ﬁ&‘ﬁ% IFPAE PRIRE
ENES ) S FE ?ﬁmﬁﬁlﬁ P Pt

VAR MR RE T

ﬂ’r
=4 W"?r‘( PO RT A
T

£ 6,066 F  ~ FFIRAR T 3,290 F ) e gt vh o
TRk T 0 R A RBLLES
A LA NIREAITF 2R AP E AR E
< -
1. ﬁsaay B R A
FIEARAIR S J 8 RFHED P 6 I it R 21
# (UMG-Si Solar Cell)z. HpirR &2 gt 1o g > o 87> 22
ﬁtr'@'},.t._;»rrf‘; LITRREL o pLeb s P PRI N
P B RAARFE A RAFEARE TR AMETE -

-

A g B E P A

41



-t Bid s PE-002

2. BEE A RF T A
(DB F L =By R Aafirg B A3 487
EE G 62 2R LA TS e imBird &2 g
PAMSHR Y S R ERMT2 > 98 & R iz 5 T R 1
14 2,566,556 - ¥ & SERFRAIH RS ek F ity
T2 3 E PRI > P W v 2 AR RRERRIR
R ARG SRR § 3,290,000 & o FEd Ap M
ﬁm%@&ﬁ%ﬂﬁWWﬁﬁﬁﬁﬁﬁﬁf’%?Lﬁpﬁﬁ
BN AER PP NEZFP - AP B RS A
(2)98 & B iz 45 e ¥ 5 FEP v LR FRE S %%%aa\ﬁ?w;
PRY 2 RURFAHENSERES S TRE Ty > A E R
FHEr MR B 2 AER -
GMJﬁ&wp““ﬁmﬁ2m033ﬁﬁﬂ%§%1ﬁiﬁ%ﬁ%ﬁﬁ
I00GW:» e gRELAHBEXFT s H£95 12GW >
u@%lUHﬂVrE’$%%%%%%?ﬁﬁﬁﬁ%@@
120 E 2 eod OB L RTEEMAE L R E DA
EX BRI . S L SR S R s 1) SR N R R R S N
B4 P T HEFE r HCPV A E R BEP A~ 3 %ﬁﬁ
IRBFFEF 2L AL EELNG R ERERRANER
B3 € B4R 30% 2 WES S %ﬂs@ﬁﬁwﬁV*i
FRANM AR o
(H)HCPV se3 iz 3 2 X BT » e ’XMW?F*’%jm
WREPFREIBRTER LREE o8 SB TR R P R
O %v%ﬁﬁﬁﬁ@?

e

RIFT 5 F R S 40 B SR
WAL ARz *5]$?Lifz~)‘  flig g ?%#ﬁﬁg °

O ERETFILELT A LA IR A HERETRT T
RETES

S £ Jo%s-iasu? 22T 5 0 37 CPV e T M8 R
PRAR % 0 B A AT 071 A o R 2w A RIRET S Rk
e /}Elﬁi ;—i z_ CPV ’I‘S—.E'_” ~’¥?,'Fi§‘_i?'liiﬁi’j$ °
)AL AT A HERFETHRT > JI* 297
HCPV 238 i S8 7+ B T e B BB PEFHLIGEE » T
REARMPIFT R E L HATR RIREES -
3. 2 T higkd k%
(s e fliadkmz A FRd §HRZALFAT S % kX

42



R s

PE-002

P13 By (pilot plant) 2 7% #}A %2 (demonstration plant) » T 1 4%
2% = (scale-up)z. BlFREFEFT T 0 2 e} Wf;}iﬁ&)}; ’% |v+ y 5k 2 gk
MFW R EE AN A rE 2 2 kMR ITHGFE 3 F
i vt SSF AR F % v PR PP 4 & B Hoona e E R
RS G ET ﬁié@iﬁ.&»ﬁlﬁrﬁ Foe B }i ;J.?E']:q%‘)‘){1€-f”’
RS TG 2 A 0 AP EFE 2 R T ARG 2010 £42
B 2P p B 1 MR RE R RRERS T %’ﬁ-”@-‘f— 4
SSF 2 & % 2 i* W Ae A # 2 & i £ &2 Bk T3 530 2013
EVEARESE RERPE R E RS A ¥ o

Qe i flr Lo F B2 3R FMAY SR ‘3???

FWE AR TR BRFR R MR BGE 0 Tk SR < g f’&
45%10F o ALK R TE B R /ﬁm_)ir}: 5 500°C > Ff@,fﬁ N
#FE B2 BT PEFER S 600~650C 0 F AL 2§
KA 48 & K 250~300°C » ¥ i Al A R A ] 90
Cr Bt EREINRLS G hEF R P2 F T RFLE
FRET B - k2% ¢ % SOFC R LY 2%
RETeBH % HGB00CL£4 it b2 BiFF B2 #
B RV REL IR FA TR OHARBRIE T AR
% 2 1~2kW -] A SOFC 13 B4+ F o % = FFfo > #ik X R §
T SOFC & & % 2 F RISk » B &€ ek b
P+ SOFC %l kil R B BT yp B 2424 % RF #
M2 E R

AR

4 BPTAFT AR
(1)SOFC 2 # % B ERM™ s 5 Z FFE (12010 & 12w 5 L2

f%“ﬂ’%*ﬁ%éﬁfﬁﬁ~%§\ﬁ&ﬁﬁﬁ;
(2)2011~2015 £ 5 SOFC » 47V 87 s £ B R IF e F
AL AR BERT W LA FRRE A S 0 2015
ENGA KT F 5 (3)2016~2030 £ 1,000 MW 14 F B 3%
% 1475 %2 SOFC A8 TMP F 1 ° 2 R kIR 2011
# % ] SOFC i 3% T 5 5(2~15 kW) » % 35 £ F & 152
FAOFTI52GW/yre Fp 1 £chipd 5 3 2aF £ A T2
A S s M 0 3 2012 £ A RE 2 5 s 4 SOF

F(F4 BRI T A /3T i An
P BaBESe) ¥e 2R R SOFC A ¥ ML 5

43



FHE S PE-002

TAZ £ TTP o doi thF £ B SOFC G 344 T % s HFreh
10% > T3 iﬁﬁ 200 fg o~ 2. A B (B3R 400 2 ~/kW) ¥ K 7o
q_/k‘.*ﬁ\'-v\ 1S 23T EF e

(2),T}u TR ;fz» el B ey (SOFC)i & Buit if % % (Balance of
Plant Components)$ iR 4 &2 8 4 #edf1 ¥% >3 'A2 2 &
TIREREARE O BRI A R E 2 AP 2 BT

)R AR = EL S S- - ﬂ\t’“r‘/f»fr}t SOFC:+ & & ivFm 3y * % »
AERIE P A H R 2T R RPIRRTTR ST

T R R

(1)¥ 95 £ REPRI(Electric Power Research Institute) s & % * #c7]
T e Microgrid) v 4 % 4% > @ uEF BT ¢ A4 600 gi7CO,
x’.,,i}ﬁ},‘?*f‘,}é‘ 5 24 genCO, > P w kR 4 % - kWK 400 #

(2)1¥4% # W NREL(National Renewable Energy Laboratory)2007 +#
TR 23k AR B 2020 E R 117TGW H P o) A
A%RAET 52 A (ik 84%) 0 B = ,«»é}ﬁlft‘ l('tk' 10%) > ™ r/?'p
53 H40MW ¥ o] B t‘éfrﬁﬁ’r* o

Q) 2 e [E 2 S8R RBE Y 2 A B 4]
HENETF P2 RATH P HELIFL 500 ~ K -

(4)F2 84 BN ¥ ﬂl] b A Eecd AR 8T R SR R

ﬁgq] l%i‘lﬂ—"é\‘ ﬁ_"'f/é}éj“n

=}
=
N

(2 )it g 7
L L R
g EE R S E T R AR A ] L5  Fi
ARRFEZFE R STRB L0
® k6
1 B&F < HBTARIEEE
() #3 53 RET  HPEEFRES 5 44 L EREYF
%f’%’%ixfil A \g;iua};;&x 2 X o
2. BBk X B RY R ) e g
(H&gd Sn sHBTr A" ERELIYIHFT A e

N AR HERE U E LA BRA A B RF T kA
FergaiivadeR > ¥ ARPAAMAE - F - AL

44



EEEE PE-002

P& ifeykRnT > BV kb2 AR S XRTAE
b SRS P S i RS A
YL EFTAE

Q) Fd FREIB LG T fAPEF RS AT EF IR
PATIRTE ~ Fjrye B 2 Pjbrirsd 1 1 i@ 3 ﬂi;%‘kf%;%%ﬁ
T ARBEMAEL > T g REIEERFT
RAEPIFAAS > BB AFERIA > &R L)E ﬁﬁ$%go

(3) HCPV Bz s suz § 2 S B R 2 fledm A LRIEA T > %7
LERR NG R N I e SRR E A e o 1A
TERETPNERPRT ST L
TERFEFTERL R 7 e B TS eRT R
2R PREMAE S JINER ESBRERERE  ETHEE ¥
WA 42 ERSHERT R AENAL A RGP o

(4)98 & B F iF&E~F2 Fafp® P FE 1 #F ¥ 378
&\fﬁigﬁ¢ﬁf$wmﬁ“12%ﬁﬁﬁﬁﬁﬁz4‘$é
AMEFEREZ AARPEE 8B AT B 225 4~ 22
EEAPriab2 56423 W L1 454,84 886 4 =
;E%zﬁi’*ﬂr%*%ﬁf%ﬂ AT E S 100 kKW * Bk

T T kAo B"ﬁ'#"l‘%%’?m‘?% \fuifi‘;ﬁ:’”ﬁ

zéﬁﬂépﬁﬁ%’i REEE SER - R L
?}&Hﬁﬁﬁﬁzqﬂﬁo

B)d»AhFFenda B o BAERP T HERF T ARAE LR
FE O EH AT OBRPR LI BHFAR 3 BB
TBHEEAEASZEADL T TR ENRET
%%ﬁﬁ:&jﬁjﬁétj}‘%‘#mpmo

3.4 i hER L

(1) f17 A5 2 5 Jopis o §ocg e s & Fiz 3 p Ak
VRALEL T A2 FRARN D AIGATA LS
T 12

%%ﬁg’iﬁgﬁﬁrmpfﬁié?g
P 4 1L17FE_£§—L,?5~E; S ﬁ °
Q) #HEL e
BA 2§ B # (SOFC)
@ ’;ﬁ'?féé\:%%i\%ci o i F ke E LS SOFC %
Eir o 1 HBERRUALF RBR i‘inb;};%v}'



R A ) g PE-002

%1‘ A4 s A AR ERY B ER2E
ii‘% fH 4 AT E o
(3) ﬂ\?‘li NE R
4R THET R
(1) »#7i& {7 SOFC tp M A5 > e M & % &2 2 ¥ % ¥ SOFC
BT B b 2 BAE S EA R RPN L E &R
42 > 7 »xdk 2 217 SOFC AphE 1 f’riAg;;,%Li\g»sc;j»&%A

r'v}; sreh 2o

Q)T » HAFIHERT IR E L #02 F Ak
HEZ NIRRT G R BETA LT IR %
F2 g4 BTREISVESNEY  FHLAEAEFARAR
R4 200 A E ﬁ%—?éljﬁ%iﬁﬁ;%‘gﬁﬁg o

B) A3 FAERETEL AR 1A
5. 84 Bl WA RREH

(1) & 2R ¥ m f0 el T L0 5 B e B 2 A
P ERERFEENT G Rl TR e
“a$9‘épﬁﬁﬂ1wkwx@g@%§%\
PAHMEF25KWE 150 kW R #57% 2.3 4
TP A HEE 25KW R B Mg g T
R R X P%£y$ #e o
i;’*ﬁ*&llpa ) 'lir'allﬁi,)g rﬁi‘ﬂ 2
K> HA9rp 2P HE 2L b B2 T Kﬁmﬂ@
F%ﬁﬁﬁ%ﬂ:—w%wmﬁﬁga&%
4340 e FIHED K0 B g0 24 A T
ﬁo

2k
=

,-\Tm
My
ST
F 0 TF - o= "L° &
H
)

o
3%
IR
\‘?m(“ﬂ%}l\-‘?\-m“ |

EUSIK
Z
\3' ﬁ\'\'ﬂ ém,}\

|

|

~
\9)
~

B

b
; f& T e
" E‘;‘-ﬁt ™
= gy 2
o \\‘:[,\' |
Ak
AM

\\\?{r \ﬁ;
T &
)

-
" e

\\‘:

7 8 b
P
o

O_P'g\m&
4

Hews
(3) B4Rk B
B 2 B
e E AT A
7‘“?; RRET
(4) TR /ﬁﬁlﬁﬂb@ﬁﬁia 2 /@ﬁ*ﬁ /}E\‘ﬁlu\ FE o) é-@
2GRA BB A PR R Lm'ﬁ~%@ﬂwa
R 2 A F R R E 0 B oWt R %’E‘_,f—]ﬁ:&
IGCC+CSS 2 LCA » ¥ i f %4 « B HTH ™ 40 i
U H o He o
G)p =5 “RRERILE D AL B8 L 40 RE
PR E L AL & ARAL - IR A RICEE R S

reen boat ek F 0 IR A PRI R
A e N o @ H it anT 4w
Jim“ ST SRR TRl N T S

P
r

=
o
ETTRS \—'\4

46



EEEE PE-002

BPETERABTHY A BE2ZEE T CGE #

A5 8 L AT R A ErrE o
(6) 2 FAEREY FEFFERR2 A SE X AR A

® I IF & a
1 gsaafj“f%a' ;}j;ﬁtﬂ;ﬂ/:;}

AEE PO RE M A h;gz-;:f%'f FTA] = B w
Tk ek W Bee LR H t B R R AR
Tt RE 2E R A VB[R AR 3;; HE R E o

2. BEKE R ARY Rk P g

AV RFFEER R e S B R EHRIINEF > M
PGSk FRET MWoT e s 2 28 R G EED R
£ (DND)iE 1,200 kWh/m® yearf¥ » MW & Bk % 15 k3 T %
MRETEIR RS ognl s 5 E T R0 800 ME2 COL B o

&i?ﬁ%ﬁﬁ}*

(DX - FA L PETE2 FRARPEE T AT
‘anmwﬁ ~5Lﬁﬁi@ﬁ“f‘*”%fﬁk% R AT
BRAGUFW 27 &2 AR VAL AR R
M@%iﬁxaL%ﬁ»&ﬁ%ﬁ%@rww$é9wmaf
T o VAR RIS R G R RN RE > o

Q) A FFF 2 RA T IR E T T E MEEH R E R
CERBPH URE R R L EE o Y AF 23 B
SSF 42/ i B st A2 e f P 4572 40% > 7 o 0 o fiEH
M2 X EHRE > TR RGR P AT R

Q) FHF e tiaflr £2F B2 3 RFHAY  SHIBRE
FERFPEZ R > T B er g B E M Sy 0 kSR
d 273 kW " M3 1.50 kKW » & 5 % Soge it if 45%020 ¢ o %
HRFEHRERTE2ZEA S 500C 0 Al SOFC X
800 C2- £ 4 ti s AR » FJFH T & % Sl iv £ "8 % o

4}?’#7}” ’me,‘ R

() SOFC & * pta * ¢4 S 40P Jhd BT -7 o 2
Flapvsl § RS d (S B2 Wi s B ] ok eh
W Z wYcHRoSOFC B -t ST a2 24 3
B BT S 40%~60% > B R 2 4 22 F >80% 0 <t
BB R 2TEK o

47



FrEI IS PE-002

QR &E+ & 2 B > SOFC e 7 4 % S (APU)¥ 1 4%
Bz @ »ay o T RDBRFERZERGTL -

(3) "/ SOFCH 1 T 4 2LH 1,000 MW/ & ~ 5 T 225 50% 0 3+ »
FEERT N A T R T S 35% 1 B s d A 1 A T (1 kW-hr)
#2600 g CO, > &SOFCH A7 4 > 2 EHFHH T 0l
T - E QT R UCO R 1.57x10° 2w o

TARFE R wa BB

()T 4 g BArenfT g 2 iy & i hehid * 5 2 > %
MTRE L g I Y 5~10% 0 o do- AT 4
B B ) 80% = L8 D 90%1 T E & 10%
F 4 o

Qb+ BT s BEVRFLAw R » 2 Fp ek
SRAREZAERY 2B N R LR LRE R
LA Mg M CO R o

()% B it ih1 284 2 CGEHA * 47 7 CO R £ 2 & 9 it
2Bt Rk 0 BT FEE GER AT R H 2 R E %
Fod P81 B WS R TR R B3 A R

M PR R-TRB SR 2 ho oo

(@ﬁ‘%%%%ﬂzm9r%%ﬁmﬁﬁé NFEIT AN
m % ‘.w‘.‘nb# I?I"“ ST e I AL I W 1 B o) /"1?’ o

s yE i
P A WY ERFVRATEIE R ERPIRET
a1 {3 p %—P,)EI(AAJ/Qm#)ﬁaE N U d‘q%f’f’;’ 2

»%ﬁ;}, EEHI S AL E s BN
FEH f‘@fi’“fﬁ%? TER > T ERB(FH)TER
FT 5$vﬁ%ﬂia$4’vﬁ'j&§ Higg xpg
HH2 3L BAMFPE - EA T EzIHAAF S A N
f?‘ A E BRI ESR AFEF TR f 2 F’ T o

(GO TELIES DR R TR HPER RS2
BRE DR BT R(E A AR O RIfIY Rk T o
FRBPAFEFR S wwhicis B {rﬁﬂ BFE A ’g €A K oph T %—
Fepn et o BEFF A Ao Ao A D o

48



R R I

PE-002

AN EBHERAEGHRAELR PR AP EP B R FR

(= )Bdh® BT H Iy

R DRSS

SRR

B2t d o wh A R 2 R

. & ® * BT s @i
B AR & 4R A
o
(1) “textured” /> & %
# (MG-Si) & ++ +
RCA % @Az -
(2) APCVD = % » i&
7 de # T A
20 9% 20 pm
YR

B % & = & I
(texturing) #l 42 -

(4) POCl3 4§ 3¢ 1 4% >
A5 — b o

(5) it # (SiN 4L F
sk gl

(6) FEffl & A& B | 45 g
#l 4z o

e # 3 & %
(RTA) #/§ T 1&='&
HoFETEF
)24 é] °

2.8 BRI
PN N A I Gy
£ B4 2 TR
w0 ‘;t’ B S H e % B
2N RN RN N
i‘a be— e B A2 HjiE

) Lg% oL
FE s g o

1.+ 4% IMEC #&

EEN=
Epi Si/Mono Si solar cell
2o AT E > 12% 0 @
Epl—Sl/UMG— Sisolar cell
2k p F ~12% o

. % ® Blue Square Energy

(BSE)z #i-r1 >4N 2 &
BRICEBRF G AFEH
UMG-Si solar cell 2 #& %
e A 14.6% -

. % I CaliSolar 3 * ~6N

B 2. UMG-Si > % 4 #&
e F ~15% 2. UMG-Si
wafer solar cell -

. *t £ * Canadian Solar » %

R RO R
~13% & 2+ 2. UMG-Si
solar cell °

¢ BBV P A 4 (CSI) -

100%%x * BSI # =2 SN
& UMG-Si 24 2 e-moudle
ik, H T o sk g
B 13.3%

SR LR A Lk
it (Trina Solar) 2> & » 7~
FHATHE R o F S
~14%2z_ UMG-based solar
cell 2 & » #-11“MeSolar”
SR E A o

6B Qecell @ % dm R

Elkem 2 # =7 UMG-Si *
e 25%~100%2 i &
AR B RS b
15%~16.5% R - @& *

VTP B

- R
2. e &R AT
AHBTALRTFERER
EZN < (12~13%,
IMEC) > $4p £ 1% =+ °

2 E F U ~5N B R 2

UMG-Si #4118 5 B3 &
FAR AT e 0 F Y
5 12~13% 2 488 B
i# x5 ~15% (CaliSolar »
B v ~6N ® R 2
UMG-Si) » £ §E 4 &
2~3% -

A d e '?Egﬁ;*fﬁ
Bl""f’;‘ w2t
BWARH - A K #4—2? £
ﬁiﬂﬁaa ’F’rﬁ}%k"]’“

[ N S :}i Atr (light
trapping) & - L < B 7T

!

'}"Ji—y"

49




FhE IR oE-002
BSI/Timminco 2 #& «&h
UMG-Si % A% » 2 T35
4 v >15%
8. frav A1 g #TE BN P vl
- Z:‘:\i E‘:Biﬁ BEB E’,’//‘; f
NS S TS
w2y H o
(Z)R Rk X 5T 4 b
%\L%iﬁ_%&:}ijﬁg\?;}dﬁ%@ BRI R R ek RTINS Y

EEETRN T
A ¥

LTI |

Amonix7700 F_k & F 500 »
kT s 1 30% o

D@R%ﬁﬁ%%q9%@%

DI I Il U (R
%?gﬁﬁqé26m%%§
27 4 2-1)

1 S B

S B E s BE R RIR
PG  E B A 0.1 }ii

RE 2 R R o O N Bl
?i&ﬁ%’i&ﬁ&O.
B oo (BERT 4 2-2)

EPNSBRE

Al s Wi

e R
BlET 5 ix

~

el

rHEER G HEREEL S
KRR FET oKXWk
TAE B dR RSP R
PE N ARF NGk
o s mFNRREHE
T e F LTRSS
B g Rl £ T Lo
AorpmiE g 53 BV RE
CPV et 77 £ 8B
Z_ P N TR R R P R T
oo A E £ 324 PASAN
Pl S A I I
#cE 2.5 717 Helios 3198 %
o ¥ ks CPV fi- e 4 5t B
IR A TR o

SRR AN TR 2 = ) e
JJ;”QE‘Q#?‘;L:%'}EL%F\ 039
g flr H Cell fmdt @7
MEREE S AT BT
e RPIET & RIRER
B2 kihia3 (4 F] PASAN
RIEY 2y W

%, 4L
“ LU
S Wb ¥ [

FEIKE RIFEE G KRS
BT A A 2% T > L H
Cell i & + % 03¢ 12 24
RA BT o ERIE L
FRF o737 CPV e
'H_iE‘JE'é‘LJ}iZnFFRﬂ-% » @ Helios
3198 & ¥ 7 140 =>4 2
4ﬁﬁ%af1’%ﬁ;ﬁﬁ
;“ CPV -2 7 £ipF 0 &
< kR R RS 4.16% 3%
T OF AR SRR
BRI 2 CPV fife
R RRRIER AP R Y o

50




S R s PE-002
% 2-1 RAEIHBI S HeFl i
B 24 B e CiRa iR~ Fok v x5 i
INER-476 U L ¥ E=HAN TR e
¢ HER R - FE X Y =+
rapgon |PENA|I-VESBTE | 476 iy 27.2%
INER-900 . o p Y A
v o3 B - E = D 9
(rip e | ENE| M-VESETE |90 iy 26.6%
EEAN BREY
Sol3G G319 | MoVE<mas | 416 | P BET 5
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EEN e
Daido Steel Ph | M-VEABEEE | 500 A G B 28%
+Homogenizer
Solfocus iR M-V 5K 3§# 500 F otk & ki 25%
ERREEAS S =X
Amonix iF | M-vEAmgs | so0 | TEEBETS S o040,
FER
=oe A i* A = =
Fraunhofer ISE it & M-V*3x 38 385 | TP é,ﬁ+ Yl 28.5%
FEE
% 2-2 S FER ELEREM L R
i 24 R A5 EHS 2 |H /| eS| FR FHlE
) o ) GPS &2 <[5 i~ . - .
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- | SolF RE R R L . : o
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INER
e |7 EF| INER BlE R e B : .
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ek A Rk T

BREE 2R

C A BT MY

L= 7k ks
VIR ¥ RN

foZ i 80% 5 B 1R o

i Vi
e

- HOREE S BT L F A
A4-TA% > @ Fin Rk AR A
MA TS B e F R
3 90% > e H g 2 pEE R
A H 5 65-17g % 28~600
FPU/gellulose ° (% 3-1)

AP FEATEER 2 P BRET N
FORA IR ko e R
=25 g pERAELL IS
FPU/gellulose’ & #* 7 ** fix
BARSLE & MPEE A E E
TR TS T L 84%:

2.2 23 Hig' BB
v 2 3% pR e g1
FOT5% 00 b (A
¥ =SSF #& 5 F iFs
R AR R
2 H OB AETE 2
TR/ HAT B
ZRE PR EX
100%)

I 1t 2 4% fi PLA(SSF) ©
EYE O 8 e R
FRCAERRTE £ LGS L SV Y
BERRGFESAFLL
FE B R B A 2Lk
B S g e
2 F ko P R
% Fireve SSF el 14 22 ix
T EJE R e TIEE AR S
i 4 70~80%  #TipliER 2 ik
ORI R S B 14~20%2
N B E b
WeAp i o (% 3-2)

AR L TR R
W AERJL K 2 B R
o SSF O A o v
75% BB Ap M 7 i A
ek B e AR *‘,!rt R
FRAC RS R bR
A FERA E AN K
L0 2 NI R R
ZTHEFAY 9 50% 0 Flp A
FEE AR 2% Bk SSF
R R o BE MR ITS A B
FEMHAST G ERE
;%EJ

B AL 3w iR b e B
FAEY TP EF
FR o R T4
ESN T I [F?Jei B im0
FRME w54 > T E
EON R RO E 2
et o@D g ke
i3 v (SO B ¢ fpig
Cx2 I F AT EREF
AR CSNE R e
oo (4 3-3)

APFUBEFF LRLA
E 3w oo itz S/CH ¥
B Pt-Laif i £ e ff 4o 4% 3
FE 42 BIRAR T > i 1,000
| PERE ARG BB 2L F
ER L 36% 0 & F A K
52.1% > iFpE T 63.6% o
ligd wlTE ek B2 B R
FHAF#L @ AR
273kWH <3 1.50 kKW j -
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Z03-1 BB KB ASIAER BT REE BT TS 2 g
F i it AR AR
T T S , v FPU/ Yo
A 7 ‘ e At RBROPER "
epg 3% ) C i gcellulose (%)
gageswr"s 2002  HR 40g 10 210 4 15 47
Maria 2003 HR  100g 10 210 O 15 43
etal
Anders Counter 50
o 2004 DTN kwn 2 190 15 25 72
Liu and Flow
Wyman 2005 oW 65 20 200 24 28 96
{;\l,u and o005 HR 65¢ 20 200 24 28 62
yman
Nathan )5 Cocurr 540 16 190 15 15 87
et al ent
Cara 2007 HR 200 5 170 60 15 57
Pérez 2007 HR - 510 200 0O 15 62
etal
ecta;? 2007 HR  200g 20 210 10 15 59
Mette Counter 121
otal 2008 00U kgh 20 180 IS 30 60
Froyukl 2008 HR i - 200 30 ; 65
Thomas Flow
otal 2000 yotn 178 10 200 42 600 92
glgleno 2009  HR 30g 10 160 30 - 74
This study Flow o
INER) 2009 o 258 5 2000 10 15 84

232 AFF;RFARSSFIHLEFEIREFT 2R

Feedstock Pretreatment S/L Reaction conditions Ethanolyield / | Reference Note
(%) Ethanol Conc.

Wheat Steam explosion and
straw alkaline peroxide
Wheat Wet explosion

straw (H,0,)

Wheat Hydrothermal
straw pretreatment

Corn Alkaline wet

stover oxidation

Corn Acidic wet oxidation
stover

Rice Dilute acid steam
straw explosion

16.7

14

17

15

15

S.C, 40°C, 120h
80 FPU/qg cellulose, 10% yeast add

S.C,35°C, 72h
10FPU/g cellulose, 2g/L yeast add

S.C, 33°C, 200h
10 FPU/g cellulose

S.C, 30°C, 120h
36FPU/g cellulose, 1g/L yeast add

S.C, 30°C, 120h
36FPU/g cellulose, 1g/L yeast add

S.C, 38°C, 60h
15FPU/qg cellulose, 0.3g/L yeast add

53

81%/50.50/L

68%/22.2g/L

45% / 60g/L

77%I52 giL

78% / 40g/L

75% / 35g/L

Chen
2008

Georgieval
2008

Larsen
2008

Varga
2004

Varga
2004

INER

Prehydrolysis 3h
IBUS process

Prehydrolysis 5h

Prehydrolysis 5h
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233 AFETFHAEEAI TR AAT RS FERAEEL 2R
F , FIEE (#r (3 o§F A F|REeEE T
"~ wax | s/ic| o/ : e g
i | TR R(C) () |0 Ease)|mm | %
Galetti et
_— - — 0
SR | CuCoZnAl | 3.8 500-600 | 100 | Y=170% 18| 12008)
ATR| Ni/Ce-zr | 8.0 |05-15]|450-600 |92-100 | S=80-95% | 15 |Biswaset
al.(2008)
Profeti et
_— _ — 0
SR | CoRwWALO; | 3.0 400 S=77% 6 | a1.(2008)
Birot et
_— _— — 0
SR 4.0 600 Y=121% 7 al.(2008)
NiO/ZnO/ZrO 1m0 Deng et
SR : 130 - 650 100 S=72% 60 | 41.(2008)
ATR | Rh-La/CeZr | 224 035 |[600-650 | 63-92 | Y=52-88% | 1000 | »#=%
()P E R FT o8
PR LB S BRI R SRR P R AR R
1. SOFC® # 3 e g g | (1) Julich v HTc 2 B 5 9 | g9 itz ipit > A H

LR

2P E 5 kW kg pF
4%/1,000 hrs » g % = £ 3|
2%/1,000 hrs

2 B 0.5~1%/1,000 hrs ° o & La/Cay Bt % 042
(2) PNNL#% 3t T 3085 | pF » H #0089 Gl 5 12,5
& 4 6.76x10* | ppm’C " > it @5 745 ;
mbar-l/s/cm e & B & (800°C )& PF (1,000
hrs)f& 2 % @t A fhsk s 0 B
Figh TR = F 4 3 50 =
T oy h ik K L 2.25x107
mbar-l/s/cm -
2.SOFC % ik pirz 3 B | 3 ® 2008 # SECA & B4R 4 [ 1 kW% T & LBl 1,056.7

hrs » # % d 1,033 W' 1
1.55%/1,000 hrs °

. DMFC & %

(1) IRD/Antig DMFC Stack
#» X %R 40~70 W/L ; 4%
¥ Juelich DMFC Stack #
F %A 100~112 W/L

(2) SFC DMFC i suig g 72
hrs s £ % & (72 hrs
Mission Energy Density)
365 Wh/L - p & Toshiba
DMFC i sui&# 72 hrs s
¥ % A& (72 hrs Mission
Energy Density) 526 Wh/L -

(1) DMFC % #* 2 (Stack)#
& 256 W/L © (% 4-1)

(2) DMFC % sui@ d& 72 hrsac
¥ % A (72 hrs Mission
Energy  Density) 430
Wh/L ° (% 4-2)
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R s

% 4-1

INER DMFCR® i fex 5 % R 22 RIS v & iR

Powe,

Company Juelich Juelich Antig Antig INER INER INER
[P 1.3 kw 1.4 kW 16 W 50 W 33w 83 W 132 W
Output

DB @ 100 100 24 32 18 15 20

cells
Active Area | 315 cm? 315 cm? 12.25 cm? 25 cm? 50 cm? 50 cm?
BiCrRsEn 210 mm*150 210 mm*150 115 mm*50 130 mm*105 [80mm * 80mm| 102mm*86mm | 102mm*86mm
mm*368 mm mm*444 mm mm*40 mm mm*38 mm *51mm *45.5mm *59mm
_—
Power
N 112 W/L 100 W/L 70 W/L 96 W/L 100 W/L 208 W/L 256 W/L
( Density
Sppeeine 37 W/Kg 110 W/kg 47 WIKg 91 W/Kg QW/K

Stack

Year

2004

2007 2008

2007

2008

%.4-2 INER DMFC & s5cii 21 R e 2 i v R

Company Sanyo & IBM Toshiba Samsung Smart Fuel Cell [ Smart Fuel Cell INER INER
Power 12W 12W 20W 20 W 65 W 20/40 W 50 W
Fuel 100 wt% MeOH 100 cc 157 ce 100 wt% MeOH [ 100 wt% MeOH | 100 wt% MeOH | 100 wt% MeOH
130 cc 500 cc 5000 cc 200 / 400 cc 500 cc
O 8hr 10hr 8hr 2 hr 69 hr 8/9hr ~9 br
Operation
3 3/
System Size | 2430cm’ | 27.5x7.5x4 cm® (619567“) 17x16x8.5 em® | 43.5%20x27.6 e’ 1(1)()7111();:1;: 110.1x14.7%29.5em’
(Tank Size) 130c0) | (5x6.53.5 cm®) o (500 co) (5000 cc) 300100 Ccc)m (500 co)
System Weight 0.9 kg 0.82 kg 2kg 75ke 2.2/3kg ~3 kg
(Tank Weight) (0.12 kg) (0.14 kg) (0.47 kg) (4.3 ke) 0.42/0.52 kg 0.44 kg
Ej S 40 Wh/L 128 Wh/L 230 Wh/L 156 Wh/L 155 Wh/L 59 /104 Wh/L 103 Wh/L
249 Wh/L 526 Wh/L 737 Wh/L 365 Wh/L 160 Wh/L 335/431 WhiL 430
. 339 Wh/L 656 Wh/L 829 Wh/L 476 Wh/L 239 Wh/L 436/ 545 Wh/L 543 Wh/L
Energy Density
Product 4
Announced Date Apr. 2005 Mar. 2003 2006 Jan. 2005 2006 June 2006/2007 June 2008
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(T)% 4 2418 g R R e i

PALT L T4 g | ACT(INER)FHF 2 R T e | T a2k
kS * 5 kW DC-DC Converter »<

F7iE 97.18% A S B
5 kW DC-AC Inverter »c % #
iE98% > I e H Ry
B o e mE H b oo (4

5-1~ 4 5-2)

#.5-1 %3¢ DC-DC Converter | 5¢ bt fix

Brand Samlex | Samlex | Samlex IXRI INER
American | American | American

Power(W) 120 600 1000 1300 5000
Input
Voltage(DC) 11~15 10.5~28 10.5~28 25.8 48
Output
voltage(DC) 24 24 24 48 400
Output
current(A) 5 27 45 NA 13
Efficiency p 90 90 90 94 97.18

# 5-2 % I s DC-AC Inverter 14+ 5% © #&

Brand Motech Delta Delta Delta INER
Power(W) 4600 2000 3600 5000 5000
Input
Voltage(DC) 100~450 140~440 140~440 140~440 380~420
Output
voltage(AC) 198~260 194~242 194~242 194~242 220
Output 10 10 18 25 25
current
MTTP tracker 3 1 2 3 1
THD <3% <5% <5% <5% <5%
Frequency 60 60 60 60 60
Efficiency p 96 95 95 95 98
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{1 ~ P BT FIEILE FIRHK

(- )ﬁaaafj‘."f%?.,‘;’; Poay oy =l S
MArC1I 4530850 0BXE e AEREY » ¥i£(7 156
X156 mm’2 5o % o BN R Bt LAn MK 2 AR 5%
i*ﬁf&wﬁ%ﬁﬁﬂ’ﬁaaﬂ‘%@wﬁ\ﬁ@ﬁﬂﬁwg
gD 1 ¥ fh Wir iy g2l > EAE P W
&*’ﬂﬁﬂwﬁﬁﬁ?*ﬂéﬁﬁ 7 f WAz 2 E%%W
AR BER W o BB = £ i s kA m pak gk E a2
l%&ﬁmﬁw@ﬁ\B%
(C)BERIBXEFED Ay
PP L RBRA LSBT S e S Bk mﬁﬁ%%i
HAFA A A E R FEARY MR AR doiTiez B
e =% RS paREE R R a2 }i Kigae 3 725
I0E A A CIREIIRE > P T EFEFEE o A K
BF g E T ATEA B4 > T E AR ke L B
LM HREAZFE LA gy > wEFEAAFEL o
(E)i?ﬁ— P& e % b
Lipzwé:aaﬂﬁw$WﬁﬁagEWﬁ@;$%,%x;
Lo HEMEES AR FP AR KRR LONRER
M EZ KRR R 2 A o RFER S Y P TR R
B L iT, ¥l Aot S k22 SSFR SRS 5 %3 » e L 0T
PEEE-RiEpE R enfr 22 e S ok Rk o row B R L
2 BBIFE P A BT e
2RRE 2R R kB e (AR (S/C) ik R o R
iiiéﬁ’iﬁﬁuﬂﬁﬁﬁﬁaaigié’%§¢ﬁ§%
BAAF BT Fa P E RS o FIR R i
SIC> M3 a g AF ;g*m; 3§k§@ﬁoﬂwu%ﬁwﬁ
*ﬁ’%ﬁﬁﬁﬂl %1 LA B F I HRF S/ICo e i
F -3 FOERZ kAN mp £ o

Tlilﬁﬁéﬁﬁﬁmﬁﬁﬁmtﬁﬁi€%M§
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2.SOFC * #3333 EHEREP 2L " 3 5 37 3
HER & > FUARP REFELRE "REFAZB I B 3?'15
Arwo LY EHRA I ENA > 2D BIERE RS LR

MR 6T

3LRAEA NGB 0 BE R 2 e e 1 P T M S ]
ARETF X REpREGREZBHRDE

4. A PREF R FLPRERRS MR ¥
o AR A L R e FIp PRk ST A AR S~ )
SriE A NERF TS B G L AS R MEL TS

5.0 P2 A RA G BRI FE FRELVEBRET N &
FERRFEFBEAEY Lo p FAEREARRYFHE
A7 7R BEor o fRAw LR AR o

6.DMFC 52 = £ 28 5 & A RS 4 1+ P
- DMFC L7 # B E kb2 7 i ? BAERE B p PTWF Ak
R RN IR 2 N S AR - I N %?@ﬁb+§j%151 2:3
el st E dp o PP 4 £ methanol sensorless control #4112 &

B

]
?’f&ﬁ‘i*“$£%<?4‘m?4
BEAIRTERS 235 =5 0% 4
& Tedp b cnh 4L -

Lo jEX RELE B

(=)Fd® BT # g
rFE 2 ﬁaaap/ﬁ!ﬁ‘%/r BF Zaj»_\’l‘F PR LT E RE
2k @ (12~13%, IMEC) » 940 £ 1% =% o P 5045 %0 & 50 &
F (AL B)SHR }eacmlyxjglwﬁkﬁtﬁ%?w 10.96% - T =25

104% ; @ 52 Rz fH 0450 AF BT omd) > H 5
&$%vé]i%%’lﬁﬁIMwﬁbﬁ'iﬁﬁﬁ%Fﬁﬁ’
B A A R adent BRI AR LR B RN Rk

DIRFE A o
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()8 B X RFT 5P g

TR HGBTATR 2 G 0 i AT B g R R B (fF
PrARE 01 R) It Bl 5l jstﬁtrﬁ,)a BB B R R BB
Penfeil 2 LR A L DEAEL h # BT E i et
FUE N EHMH R EF RS 025:

HCPV 5% b« suiz ¥ 2 S BT o flem A Rl g > %5 8
RPN E SHBRETHET hAER on SRS R R PN R
T oW AR e R RRETHER £ B R T R

BAFER S R R R AL ML A IS e

ETiw AL A2 w5 E ﬂa%’%éi%?¥%§°ﬁ$%%
SR AT A WEREREET 50 o Heh RS IF SR
k0 7 b ET LN EPHERRFT 2 CPV firef 24
ﬁﬁﬂ$"§ﬁ@ﬁﬁ>ﬂi”(TVﬁ L3 A RIS RS
% FVi*ﬁwmm«ﬂ% R A U TR R R PR R o

o

(=)2 ?‘rxb /)g'lﬁﬁ-’,
1. A3 F opaE = 2 ﬁ,gg.&? R }\zg—,,r;%@rﬁl_ KA B AEITE 2 K
PEARBEEET AR cs e 7 84% B e E PR 4
Pl B 17 5 5% é%?i&f,ﬁvﬁﬁ&/?lpw TR KE D IR
AR o
2. AFT Y TR 2 2 B RV HE (Y 2 3 pE 3 AR(SSF) 0 B2 X 2 g
b 3ok g pEAR B (SHF)enfs & -k fadd i s 22 g p 2 U7
M2 2 04p § #2317 0 R SSF7 R SHF45€ %) 24 hrseh A 2 pF ¥
PUae BEE A S 2 A SR 50% 2 H - 4 AP K T L w
WERBA KRBT S a2 P S EN S RE- FBE TR
PR 2 E K2 A2 F i ¥ SHFAR R 3 (FpF » 3022 K2 ®
R NS T AU ERARE G uf FEAERERY AT
REFFPFF L FRAEETEE S REBRY FHEROBE
4 > MSSFAR A (F Q|72 Z 817 A F 4 '}»],an\,a}p‘.j;% {F » #7182
BB A SRR R BASHFAR A 2 BIAS % 0 BT B HR
WSSFHIFS B F 1 fginh 2GR WA P RRERTEL E
A flfez A o
3.2 kW w23 Fp £ 2k S ;‘%‘d vl R 5 250°C 2 F 48
A P i 3F é@fﬁ%/pus«éq" vk sgtaed 273 kKW' K2 1.50
kW » b kg iE 45% 7+ o SOFCH_%A 800°C:E{7 7 & »
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RS2 FROFIMAAZL2F 2G5 "% - F L RETS
ﬁﬁﬁ’%uﬁﬁﬁﬂuﬁ%ﬁ,/* D 52 P F R R -2 800
Comd *AF%kngd > FRFFRREF S00CHT e 1
FLEF BEF FR g P £ e BESOFCR £ 1@ * 7> 2 W
m )% SOFC2 % B # § T #UF s i ik B § chf Wins
FPHATHRELEF BE 0T UEN G R T RART
(2)BHET#FR 8

1. (57 74 3P % 8 & (degradation rate) ¢ 143% 0.5%/khr » B8 57
TR GRAP B 2 FAR R (B RKGT > REHE C®H AR B
HE )éé@wkl E#ﬁ*¢40”* ﬁém%ﬁﬂ%,
—ﬁﬁ’ SRR ¢ lkW S e A

lﬂb‘&
=
>\_
| _'.\T':
n
E‘}\
s
\Ev‘

FoA R AL o 8k sLe e ah’t 7 &
()R #=# %E"'#ﬁvb”’ﬁ%ﬁ;
Ak A FEIWOTH AT P e pEFEZEER

d R A TR ER AR E “;f?%gihiwgz,,s IR N
SR (T B 2 25kW &2 150 kW ek b ¥ g B iR RAELR
RS R R Y 2 B BT P S i~ b B end
PEPs > TG oA 4 R b B E R o FIh R IRAT b A @ 3
£ BELASLIIRL iR | (LG icd M pipen
Wi e AFR WAL TR PRED P L R E R

J\ ’L o

@\«_‘.\1 -y

L 08 R ITEIE FriTiaEp A

B n e p FES N
-~ ERPE
()& &P SHBT# | 1.41% APCVD i e 1£20~30 um % & $Hp A G & # & o
B R 2.91% v BLIF A2 B R R B RIS BApUEH&HF A 2

PP 4 $20.055~1.125 Q-cm~ 43 32k B % 1.5~6x10"7 cm™-
3.1 FEIEECE > MPOCL 5 3307 1 & 780CHRHE T
ﬂm@%ﬁﬁ°@i%ﬁﬁﬂ#ﬂﬁ’$%ﬁﬁﬁ@¢
bap A4 a 2P~ 2 kR 5 10%em’ » ® HIUE
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B¥iE03um-e
4.AM 15488 % %kﬁﬁ%%f#&hr BB RF(C 2 R)
AHT RS P T A% T 2 11.99% celld 4% 5 1 cm®o

L% = 17 F g * f’%?/\%éﬁﬁa’}* BT ZREEET
e SRS R s o peh s T A Rk A2
L ?ﬁfﬂﬁff@?ﬂ’tiﬁ'ﬁfélﬁ,ﬁ

2. RAFFTAFEB F 900 B xR e
fe R rT S iE 26.61% © gt > TR oA ]
T ,56}‘:;_%’-" ¢k "{Eb 3

-;jb%\“—‘-:r-} ’““JEFJ)&'?% BlRR TR ZREIBTE LY
n gL

7 ke 0T
20 ez gl

2 WAp i 4 P W ﬁmﬁ?&bﬂrﬂ%ﬁism@

4. % B A w2 2 K § i (BN)H# AL > i 5 Receiver %
B2 PR PSR T o e B B i
R AL IR o

5 ATRFOIHB R R BB RE P LA 1300465
Bus BREFEHITTIAE 2 REHE) ) T Fi
B IR B L R R R BB Y i L > @ i
Bidr 4] B k45 £ F 25 B

6. & * if HigF B P &K (Trac-Stat SL1) & ip) ¢ Bidr 4] B2 i
iR > BRple% o EHERC E402 BN 5 AIE Y
redgthe &S o

7Han%£Hi%aﬂ*«%mﬁ HEBEERT L

PR R AT T LLNBT*&

2.Si% Ge *HT#RFRKDE K%’f&ﬁ k2R
#F 280~1,850 nm > = FERFZ T ES e BT EM
E =R ER I P

8.2t 071 4AE= vh 2K # bR T ERIE @A RIRET
oo X2 CPV e k8 = ARG UEREET
4o g i ARE > kBB TIEC62108 P2 Hmip s F %
P 3 B N 47 i 287 X e oh B g gE Rk
%L R CPV H E_L#ﬂ}%ﬂ < F 13 L 4.60% o

9.2 039 A% X BT s HeiEpRET S 7 A 14
DG AR Féam;f T HEAKN CPVEET
BlE BE A RRABRE B S 416% 7 LESHET P
MR EE B RER Y > ¥ b3t 001 42 311 F %X SkW
ek i kR #,g’*ﬁb"ﬂ‘]"l f—?.,lc,};;,,loﬁ o ﬁgﬁ«;ﬁlj?
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(2)2 F & & 3 4
K3

PRETRIER * PR > 3 xR G 5 S0 A RS .

10. 248 B = B it & 5u8® 7 #7(Fraunhofer ISE)i UL: ®¥

FE SHETREFTHRT  HEFCPVHC e = ¢F § Hp|
de *ﬂé%ﬁ » Fraunhofer ISE2? A *7 9 5 % (o8 &4 p B A

u % 827 W/m?% 829 W/m? » 3% % BlHe &2 (P1179)% =
?:Q:i?“/»\ B4 21.94%%7 21.39% > m A UL¥F jfma * &7
PR HREZE AT AR GEFHF eI FRLL &
0.5% P > RPIFRZFEATSE R P Le%E T % 2 CPV
oo ok T ;%— A 0 Bt HHRECPVIC 2 (P1179
EMIT53)#-1T 5 297X B R P W ERFERTHT 2L 5

~Has e

AL 1 (P BRI AL ALY P Ao

A

7
=~

*

1.

7. =

HPok#m gz BEvicxiE 84% 0 % Fikv SSF
it e d 75%  2kWIFrH A & £ 2 B ks §

FA S 50% e

1 kW SOFC# & % 3uipl3# 1,056.7 hrs » # & d 1,033 W*:
2 1,016.1 W % & 5 1.55%/1,000 hrs °

.%‘3\;4014 SOFC /*’}"ET_LE';»"Ié_f = 'Iélkwll_l'o
-"IIHDEC' _-v 7 iz f&\ 3 14 SOFC 4 ﬁj_fxigg f%?@

._\

0.75 V/cellpE 7 % 95 W 5 # % % & 390 mW/cm? -

.= 50 WDMFC 7 & ¥ & % &, 3382009 - %2 K

PR G 5B 7 o

xF % EDSA A TR @z LT el

PEZ AR LT 4 iR A AT

e AR /O fiEE 2 Y o 7% 4 PC-Based p it &2

FIB 5 BT T RIMER BIZ I o

CRATA TR B E R R R

BAHEETARTAARRTR Y

. & ¥ Micro-turbine 2 on line UPS #7 i & & 2 # & ﬁig?] Gl =2

ERCSERUET RN BEd - ¥ VI I ARl R PR

CEFHMAITERRERFZRZRLIAIAE S FTI AR

BT S AR R o B K e

. %= SOFC &% * 2_ 2 7 |4 *7 4 (soft-switching) £ #¥2_ & /&

ﬁs?] gk ®E > & 20~100% § ;"E“J‘ET » T F>96% -
BB 2rF>97.1% -
% = SOFC & * £ 7 4 *» & (soft-switching) B b2 #& /i B >
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225 >97% » THD<5%2 # & F|#>0.99 » B > F>98% o

8.2 = HCPV 420 V £ iy » 110/220 V 2 iy &) 2 $ i
o B F e >98% 0 20~100% f $4>97% o

9.2+ 25 kWh # &% REkh ¥ THFHFHLE
7z MPPT 2= 4p# T HBifir > HFHEF L ARER
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. [ Comparison of geometric, electronic, and vibrational properties for

all pentagon/hexagonbearing isomers of fullerenes C38, C40, and
C42]) : The self-consistent-charge density-functional tight-binding
(SCC-DFTB) method is employed for computing geometric,
electronic, and vibrational properties for various topological isomers
of small fullerenes. We consider all pentagon/hexagonbearing isomers
of C38, C40, and C42 as the second part of a larger effort to catalogue
the CC distance distributions, valence CCC angle distributions,
electronic densities of states (DOSs), vibrational densities of states
(VDOSs), and infrared (IR) and Raman spectra for fullerenes
C20-C180 [analogous data for C20—C36 were published previously in
J. Phys. Chem. A, 111, 6649 (2007)]. Common features among the
fullerenes are identified and properties characteristic for each specific
fullerene cage size are discussed. (& % # I Int J Quantum Chem)
(INER-6522)

. [ Growth of InN on Si (111) by atmospheric-pressure metal-organic

chemical vapor deposition using InN/AIN double-buffer layer] :
Indium nitride (InN) epilayers have been successfully grown on Si
(111) substrates with lowtemperature(450 ‘C ) grown InN and
high-temperature (1,050°C) grown AIN (InN/AIN) double-buffer
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layers by atmospheric-pressure metal-organic chemical vapor
deposition (AP-MOCVD). X-ray diffraction characterizations
indicated that highly (0001)-oriented hexagonal InN was grown on Si
(111) substrate. Photoluminescence (PL) analyses performed at room
temperature showed a strong emission at 0.72 eV with a full width at
half maximum of 121 meV. Excitation intensity dependent
measurements demonstrated the PL mechanism to be the
band-to-band transition. Time-resolved PL could be fitted by a single
exponential exhibiting an ordered film and a recombination lifetime
of around 0.85 ns. In particular, transmission electron microscopy
characterizations indicated that the use of AIN first buffer is very
important to achieve a structurally uniform (0001)-oriented InN
epilayer on Si (111) by AP-MOCVD. (2 % % I J Vac. Sci. Technol.
A) (INER-5998) -

. [ Surface morphology and optical properties of ZnO epilayers grown

on Si(111) by metal organic chemical vapor deposition ] :

Heteroepitaxial ZnO epilayers were grown on Si(111) substrates
using a vertical geometry atmospheric pressure metal organic
chemical vapor deposition (AP-MOCVD) system. The growth
temperature was varied from 550 C to 650 C in steps of 25 C. The
Zn0O growth rate and surface morphology were strong functions of the
growth temperature and ranged from 70.16 mm/h to 1.36 mm/h. The
surface morphology of the ZnO films changed from granular to sharp
tips as the growth temperature increased. The effect of buffer
thickness was also examined, and was found to have a strong effect
on the optical properties of the ZnO. An optimized growth
condition for ZnO epilayers was found at 625 C, producing a FWHM
in the room temperature photoluminescence (PL) spectrum of 4.5 nm
and a preferred growth orientation along the (002) direction.
Transmission electron microscopy images and selected area
diffraction patterns showed excellent crystalline quality of both the
buffer and ZnO overlayer. When non-optimized growth
temperatures were employed, post-growth annealing was found to
greatly enhance the ratio of band-edge to deep level emission. (& %
# I Applied Surface Science) (INER-6195) o
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4. [ Characterization of Ga-doped ZnO films on Si(111) prepared by

atmospheric pressure metal-organic chemical vapor deposition] :

Gallium-doped ZnO films were grown on p-Si(111) substrates by
atmospheric pressure metal-organic chemical vapor deposition
(AP-MOCVD) using diethylzinc and water as reactant gases and
triethyl gallium (TEG) as a n-type dopant gas. The structural,
electrical, and optical properties of ZnO:Ga films obtained by varying
the flow rate of TEG from 0.56 to 3.35 pumol/min were examined.
X-ray diffraction patterns and scanning electron microscopy images
indicated that Ga doping plays a role in forming microstructures in
Zn0O films. A flat surface with a predominant orientation (101) was
obtained for the ZnO:Ga film fabricated at a flow rate of TEG = 2.79
umol/min. This film also revealed a lowest resistivity of 4.54x10-4
ohm-cm, as measured using the van der Pauw method. Moreover, low
temperature photoluminescence (PL) emission recorded at 12 K
demonstrated the Burstein Moss shift of PL line from 3.365 to 3.403
eV and a line broadening from 100 to 165 meV as the TEG flow rate
varied from 0.56 to 2.79 umol/min. This blueshift behavior of PL
spectra from ZnO:Ga films features the degeneracy of semiconductor,
which helps to recognize the enhancing of transparency and
conductivity of ZnO films fabricated by AP-MOCVD using
Ga-doping technique. (© % % I Journal of Vacuum Science &
Technology A) (INER-6518) °

()% Bk X B Xg T s g

. [ Analysis of Abnormal Characteristics of II-V Compound MJ

Solar Cells under Concentrated Illumination) : In this study, we
investigated the I-V curves of InGaP/GaAs/Ge tandem solar cells
under various concentration ratios from 1 to 45 suns. An abnormal -V
curve was obtained when the concentration ratio was higher than up to
30 suns. When the short-circuit current density (J.) of InGaP/GaAs/Ge
tandem solar cell was higher than the valley current density (JV) of
tunnel junction, a sudden decrease in Jsc occurred. The result reveals
that for a better performance of InGaP/GaAs/Ge tandem solar cell, the
JV should be greater than J,.. We investigated the effect of tunnel
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junction materials on tandem solar cell through analying energy band
diagram. Besides, we verify the appearance of this abnormal 1-V curve
because of the lower tunnel junction of GaAs/GaAs. Eff. has been
improved by 6% and FF also improves by 0.22 through raising the
tunnel junction current by changing the dopant material and increasing
the doping concentration. The parameters of open-circuit voltage (V,.),
short-circuit current density (Ji), fill factor (FF) and conversion
efficiency under different concentrated illuminations were also
systematically analyzed. (£ % ¥ )

2. [ A Hybrid Control Strategy for HCPV Solar Trackers] : Solar

trackers used in High Concentration Photovoltaic (HCPV) system
need higher accurate tracking comparing with non-concentration PV
system. Generated power will be dramatically deducted when the
solar tracker is slightly misaligned with the sun in HCPV systems.
This paper presents a hybrid control strategy for the solar tracker with
high tracking accuracy to avoid either a precise installation or a
complicated continuous recalibration. This strategy is a combination
of the open loop tracking strategy based on sun ephemeris and close
loop strategy using a sun position sensor with a dynamic feedback
controller. As Direct Normal Irradiance (DNI) is less than the
predetermined value, the solar tracker only moves a little bit in
standalone mode to prevent power consumption. A two-axis solar
tracker is tested on site, and results reveal the tracking error of both
azimuth and elevation in control with the open loop and close loop
tracking strategy. (* ¢ 3% % 3 IEEE Transactions on Power
Electronics)

(2)2 Fa ki i 5t

. [ Enhanced ethanol production by fermentation of rice straw

hydrolysate without detoxification using a newly adapted strain of
Pichia stipitis] : An inhibitor-tolerant strain of Pichia stipitis was successfully
developed through an adaptation to acid-pretreated rice straw hydrolysate. The
ethanol production from fermentation of NaOH-neutralized hydrolysate without
detoxification using the hydrolysate-adapted strain was as well as that from

overliming-detoxified hydrolysate. Ethanol yields of the adapted P. stipitis from
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both hydrolysates at pH 5.0 were achieved to 0.45 gp gs-1, equivalent to 87 % of
maximal ethanol conversion. Furthermore, the adapted P. stipitis has been
demonstrated to acquire significantly enhancement in the tolerance of sulfate and
furfural despite both two inhibitors present in hydrolysate were not removed by
NaOH neutralization. The ethanol conversion could maintain at 60% and above
as neutralized hydrolysate contained 3.0% of sulfate and 1.3 g L-1 of furfural,
respectively. (% 2 # *% Bioresource Technology, impact factor 4.453)

[ Onboard motorcycle plasma-assisted catalysis system-role of
plasma and operating strategy ) : Hydrogen as a supplementary fuel
can be blended with gasoline/diesel to improve engine performance
and reduce pollutant emission. A compact plasma-assisted catalysis
(PAC) reformer designed as an onboard device for motorcycle was
used to convert methane into a hydrogen-rich gas which then mixed
with gasoline to fuel motorcycle engine. Performance of the PAC
reformer for motorcycle operated in the cold start, normal idle and
normal cruising periods were evaluated experimentally. In the cold
start period, the catalyst-bed temperature can rise from 25°C to >500
C in 14 s with the assistance of plasma. In the normal operation
mode, the goal is to achieve either a high power output in the cruising
mode or a low energy consumption in the idle mode. With the
power consumption of 32.4 W for plasma, the reforming efficiency
was increased by 2% to 16% at given conditions. Engine test results
showed that the PAC reformer not only reduced CO and HC
concentrations by 42% and 21%, respectively, but also enhanced the
engine performance, e.g. the brake power increased by 14% and the
gasoline consumption by 33%. This study confirmed that in the idle
mode, the plasma can be turned off without sacrificing the PAC’s
performance. Overall speaking, the plasma plays a great role in the
cold start, be minor in the cruising mode, and trivial in the idle mode.
(& % # *"International Journal of Hydrogen Energy (SCI)#p 7]) o

[ Durability test for 1 kW ethanol reforming system with catalyst] :
Institute of Nuclear Energy Research (INER) has successfully
developed a commercial-scale ethanol reforming system, which
converts ethanol into hydrogen-rich gases, via autothermal reaction
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mechanism. In this study, four kinds of noble metal catalyst were
extensively investigated with the ethanol reforming system. Two of
the four catalysts, Pt-Pd-Rh/y-Al,O3 and Rh/y-Al,03-CeO,-ZrO,, had
been conducted in a 26-day long-time test. The Pt-Pd-Rh/y-Al,O3
catalyst showed high catalytic activity and achieved an ethanol
conversion of 97% in the early stage; but deactivated with reaction
time and finally achieved a conversion of only 50% at 26™ day. The
Rh/y-Al1203-Ce0,-ZrO, catalyst achieved and maintained high
ethanol conversion for the first 16 days, then gradually decreased and
achieved a conversion efficiency of 85% at 26™ day. (3~ F%>* Journal
of Chinese Society of Mechanical Engineers, (SCIHp 71),2 %) -

. [ Effect of dilute acid pretreatment of rice straw on structural

properties and enzymatic hydrolysis]) : This study aim is to propose
operational conditions for the dilute acid pretreatment of rice straw
and to explore the effect of the structural properties of the solid
residues on the enzymatic hydrolysis. A maximal sugar yield of
83% was achieved when the rice straw was pretreated with 1% (w/w)
sulfuric acid with a reaction time of 1~5 min at 160°C or 180C,
followed by enzymatic hydrolysis. The completely release of sugar
(xylose and glucose) increased the pore volume of the pretreated solid
residues resulted in an efficiency of 70% for the enzymatic hydrolysis.
The extra pore volume was generated by the release of acid-soluble
lignin and this resulted in the enzymatic hydrolysis being enhanced
by nearly 10%. The increase in the crystallinity index of the
pretreated rice straw was limited. These results were consistent with
those from the Fourier transformer infrared (FTIR) analysis. > (& % #

*+ Bioresource Technology, impact factor 4.453)

(2)RETAFT AR

. [High Temperature Mechanical Properties of a Glass Sealant for

SOFC] : A novel borosilicate glass, gc9, with the main compositions
of BaO-Al,05;-B,03;-S10, and other minor additives, has been
developed by INER as a high temperature seals for solid oxide fuel
cell (SOFC) stacks. The glass transition temperature (T,) and
softening temperature (Ts) of gc9 glass are 652°C and 745°C,
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respectively. Its average coefficient of thermal expansion (CTE) is
about 11.0 ppm/°C (RT~800°C), which is compatible with that of
interconnect and MEA of a SOFC stack. Additionally, a proper
balance of sealant properties, such as its viscosity and shrinkage
behavior at different temperatures, is essential to have a successful
sealing for a SOFC stack. The viscosity evolution and shrinkage
amount of a gc9 glass powder pellet at elevated temperatures were
measured using a high temperature parallel plate viscometer. Under
an external loading of 0.080 MPa, the minimum viscosity, viscosity
reflection point, and shrinkage percentage are 10° Pa-s, 806°C, and
64%, respectively. (& # # >+J Power Sources) (INER-6018)

. [Investigation on the durability of direct methanol fuel cells] : This

study addresses the durability of Direct Methanol Fuel Cells
(DMFCs). Three performance indices including permanent
degradation, temporary degradation and voltage fluctuation are
proposed to qualify the durability of DMFC. The decay rate,
associated with permanent degradation, follows from such failure
mechanisms as dissolution, growth and poisoning of the catalyst,
while temporary degradation reflects the elimination of the
hydrophobic property of the gas diffusion layer (GDL). However,
voltage fluctuations reveal different results which can not stand for
degradation phenomenon exactly. In this investigation, such methods
of examination as scanning electron microscope (SEM), and X-ray
diffraction (XRD) are employed to check the increase in the mean
particle size in the anode and cathode catalysts, and the degree is
higher in the cathode. The Ru content in the anode catalyst and the
specific surface area (SSA) of the anode and cathode catalysts
decrease after long-term operation. Moreover, the crossover of Ru
from the anode side to the cathode side is revealed by energy
dispersive X-ray (EDX) analysis. Electro-catalytic activity towards
the methanol oxidation reaction (MOR) at the anode is verified to be
weaker after durability test by cyclic voltammetry (CV). Also, the
electrochemical areas (ECAs) of the anode and cathode catalysts are

evaluated by hydrogen-desorption. SSA loss simply because of
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agglomeration and growth of the catalyst particles, of course, is lower
than ECA loss. The observations will help to elucidate the failure
mechanism of membrane electrode assembly (MEA) in durability
tests, and thus help to prolong the lifetime of DMFC. (& % % %]
Power Sources) (INER-6089)

. [ Thermal Stress Analysis of Planar SOFC Stacks: Effects of Sealing

Design ] : A three-dimensional multi-cell model based on a
prototypical, planar solid oxide fuel cell (pSOFC) stack design using
compliant mica-based seal gaskets was constructed in this study to
perform comprehensive thermal stress analyses by using a
commercial finite element analysis (FEA) code. Effects of the
applied assembly load on the thermal stress distribution in the given
integrated pSOFC stack with such a compressive sealing design were
characterized. A comparison was made with a previous study for a
similar comprehensive multi-cell pSOFC stack model but using only
a rigid type of glass-ceramic sealant instead. Simulation results
indicate that stress distributions in the components such as positive
electrode-electrolyte-negative electrode (PEN) plate, PEN-supporting
window frame, nickel mesh, and interconnect were mainly governed
by the thermal expansion mismatch rather than by the applied
compressive load. An applied compressive load of 0.6 MPa could
eliminate the bending deformation in the PEN-frame assembly plate
leading to a well joined structure. For a greater applied load, the
critical stresses in the glass-ceramic and mica sealants were increased
to a potential failure level. In this regard, a 0.6 MPa compressive load
was considered an optimal assembly load. Changing the seal
between the connecting metallic PEN-supporting frame and
interconnect from a rigid type of glass-ceramic sealant to a
compressive type of mica gasket would significantly influence the
thermal stress distribution in the PEN plate. The critical stress in the
PEN was favorably decreased at room temperature but considerably
increased at operating temperature due to such a change in sealing
design. Such differences in the stress distribution could be ascribed to
the differences in the constrained conditions at the interfaces of
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adjacent components under various sealing designs. (2 % % *% J
Power Sources, 0378-7753, 192, 515-524) (INER-6090)

. [High Temperature Glass-ceramic Seals for SOFC Applications] : A

novel borosilicate glass, gc9, with the main compositions of
BaO-Al,05-B,0;-Si10, and other minor additives, has been
developed by INER as a high temperature seals for solid oxide fuel
cell (SOFC) stacks. The glass transition temperature (T,) and
softening temperature (Ts) of gc9 glass are 652°C and 745°C,
respectively. Its average coefficient of thermal expansion (CTE) is
about 11.0 ppm/°C (RT~800°C), which is compatible with that of
interconnect and MEA of a SOFC stack. Additionally, a proper
balance of sealant properties, such as its viscosity and shrinkage
behavior at different temperatures, is essential to have a successful
sealing for a SOFC stack. The viscosity evolution and shrinkage
amount of a gc9 glass powder pellet at elevated temperatures were
measured using a high temperature parallel plate viscometer. Under
an external loading of 0.080 MPa, the minimum viscosity, viscosity
reflection point, and shrinkage percentage are 10° Pa's, 806°C, and
64%, respectively.(ESC transactions) (INER-6515)

. [Oxidation Behavior of Various Metallic Alloys for Solid Oxide

Fuel Cell Interconnect]) : Ten iron-based alloys and nickel-based
alloys were subjected to oxidation treatment in a hot air environment
for various periods. In this investigation, all alloys contained a certain
amount of Cr, and Cr,0O; and Mn, Fe, Cr;O, spinel compounds are
generated on the surface oxides. Other spinels that contain Cr, Mn, Fe,
and Ni are also formed on it; the compositions depend on the
composition of the steels and any other materials that are in contact
with the interconnects. Accordingly, the role of spinels in the
oxidation of interconnects must be understood. (& % % **Journal of
Fuel Cell Science and Technology) (INER-6617)

. [ Efficiency analyses of solid oxide fuel cell powder plant systems ]

In this paper, the efects of fuel utilization, air-to-fuel ratio (A/F) and
pre-reforming rate on the plant effciency, including heat and electric
effciencies, of sequential-type and fully recuperative-type of solid
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oxide fuel cell (SOFC) power plant are studied with the GCTool
software developed by American Argonne National Laboratory
(ANL). Methane is chosen as fuel, air as oxidant, and the pressure
drop due to stream transported in the duct and components is
considered in both types of power plant systems. A full analysis of the
state at each node of the system is conducted. The results reveal that
the A/F factor is the most important factor on system effciency, and
the pre-reforming rate of fuel is insignificant to the effciency, but it
can be used as an auxiliary tuner for the operating temperature of the
solid oxide fuel cells in addition to A/F value. Under the same
settings, overall plant effciency is higher in the sequential type than in
the fully recuperative type of SOFC power plants. On the other
hand, for electric effciency, the opposite trend is observed. (& % % *%
1359-4311, Appl Therm Eng)(INER-6346)

Pt R E RS

[High Step-Up Bidirectional Isolated Converter With Two Input
Power Sources] : The objective of this research is to develop a high
step-up isolated converter with two input power sources. The
proposed converter has two input ports for simultaneously converting
two different input power sources with low voltages to a stable output
power with a high voltage. Moreover, the demand of bidirectional
power flow, which is dependent on the power management for
charging and discharging power storage mechanisms, also can be
satisfied in the proposed converter. According to various situations,
the operational states of the proposed converter can be divided into
three states including a standalone state, a united power supply state,
and a charge and discharge state. The effectiveness of the designed
circuit topology is verified by experimental results, and the goals of
high-efficiency conversion, high step-up ratio, and bidirectional
power flow can be achieved by the proposed converter operation. ( ©
7% 4 %t 0278-0046, IEEE T Ind Electron) (INER-6277)

100



FhE A I

PE-002

~ FATRIAT(F B & RIAT) (R £30%)

ki B ERLAEF 16 > ¢ P 43 1 o

(- VBB P~ BT Hir 5

1. [- &% 7 %,,.i* FC S A F N L R VR ED BT &

BR A~ 2 A 4 2 3 A 4 dR 5HAE 1 2 2735 224 (dopant) ¥ 4
LR 0 T B IS o L EMR Y o § S A
E>1x10°F + /om® » + #’tﬂ LR 2 P Fid ~MQ-em Y oo
AP Gl H - & F £ £ (multi-energies) i + ’]‘E"J}i}ﬁ:’ a7
Hok s Bwir R ﬂi’r%m&lé“%%/@]’ﬂ%\;m;n 5
(current-blocking) « % - ¥ ~ 7 L& FF WA ¥ B %.“ L
2ok E Ao (2P AP LI HEFT 4191566) o

. [InN/InP/TiO, photosensitized electrode] : The present invention

relates to an photosen-sitized electrode; more particularly, it relates to
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	磊晶矽太陽電池技術研發：人力主要差異為新增研發替代役1人、專支2人，共2.42人年。
	高聚光太陽光發電系統技術研發：人力專長主要為光電、材料與物理等領域，本年度增加國防訓儲9人、研發替代役1人、自聘3人、專業支援人力7人及學研計畫研究助理7人。
	生質能源轉換系統：科技人員1員及技術員2員因提前完成相關實驗設備之設計與建置，故人力改為支援噸級測試廠之建廠工程。
	燃料電池發電系統：計畫98年度預定投入人力為37.16人年，實際投入人力為35.1人年，2人離職，1人新進。
	電力控制管理技術與環境建構：本計畫本年度進用研發替代役2人、專業支援人力1人。
	肆、計畫已獲得之主要成就與量化成果(output) (截至12月31日為止)
	1. 磊晶矽太陽電池技術研發：博士2人、碩士2人。
	2. 高聚光太陽光發電系統技術研發：博士2人、碩士13人。
	3. 生質能源轉換系統：碩士5人。
	4. 燃料電池發電系統：博士1人、碩士7人。
	5. 電力控制管理技術與環境建構：博士6人、碩士13人。
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	一、學術成就(科技基礎研究) (權重30%)
	二、技術創新(科技整合創新) (權重30%)
	三、經濟效益(產業經濟發展) (權重20%)
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