LED YtR < BA e R fEHELEEE

Application and Development of LED Lighting in
Renewable Energy

JA R IR

Rong-Yuan Jou

FEZILG RS RN A B ABEFTROTE B FRFEOTEARBRSRRA GG RRE
RABER R —AFTREN - RAEHRARBRATE LW EEWRLIEN > RITT Aokl
%o AARBREA Y RITEE > B RRBREBYENREK > REERBEHRYAY > THEARLT
WAL AFTH Gl AG Y LORARAXREZIAREAL AR TH AR EHIZEZRR -
Hit s ARSHZRMEZFGHLEHRT  RHELEKES  SLTHRBAERGHRLEE  BEM 75
B E T LED BRI EAMRIEE » AN Z A MR MR E » RETE4 BB EEEZE
s FAET AR A IR TR EDRELR L2 B o KX E 8208 %4 Witk ae B A
P (1) RAHAR S Q) MR (3) Bk IKE T dF HUT R A AR R A R R R K B A A AR R 2
EFEHRHEE > M ARE = KM T LED AREAK T ZHERNFFRZIEN B E RN - AR H iR R
BT RALBAR Y FBE MM AU T EARMZTITN » AR T2 AE R D LED A&
LR EZRR  EEAEFREEEFETEWAELOE P a TR B RAEIRBEIES) -

With the worsening of the dwindling reserves of fossil energy and environmental pollution, looking for clean,
renewable energy sources to replace existing fossil fuel, is a crucial task for the human need to be resolved. Only
when the waste generated by the renewable energy can be processed before we can really live sustainably. Hydrogen
is the best alternative to fossil fuels, and will not cause the load on the environment, can be described as the cleanest
fuel because water is the only by-product of hydrogen combustion. In all known biological systems, photosynthetic
bacteria are the most efficient producers of hydrogen, and also carbon dioxide can be carbon sources for culture. So
based on the best culture conditions of the photosynthetic bacteria, photobioreactor designs using LED light source
with features of long life, high conversion efficiency and energy saving, no UV, difficult to damage of solid state
components, using these biological characteristics and physical properties to the optimization of the conditions of
the probiotic culture, not only to protect the ecological environment, but also to achieve the purpose to improve the
global warming phenomenon‘". In this paper, topics of photosynthetic bacterial hydrogen production, plant factory,
and microbial fuel cell which are technologies related to agricultural biotechnology and energy technology are
addressed to illustrate how to solve the energy problem or the development of renewable energy in these categories.
Moreover, the main scope of the study on the application and importance of the interaction studies in these three
technologies LED light source with light machine; can be divided into two major themes: First, the measurement
of liquid light intensity; environment for the growth of photosynthetic photon flux density (PPFD) measurements.
In addition, because in the progress of technology development and commercialization of equipment, the following
difficulties are often encountered: the scale-up of production processing; generated heat removing in process;
reactor (tank) optimal design; and environmental monitoring and automation, etc. To assess the technical feasibility,
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viewpoints of mechanical design engineering are proposed to be the considerations of the LED light source in the
energy applications, and actively seek close industry-university cooperation with the industry, to achieve the final
goal of establishing domestic equipment technology and development capability.
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HETER - BRI 450 nm RS [JE
MU S REESE P RESE A4 - SEREERIL 660 ~ 730
nm FEERIT IR AERE - Y EME—hE
K e EE LB EREY) - EYIRESTE
IR E—v) A dnnyEmE - LS FRRE R R H
[E[£E 400 2 700 nm Z[#] (AT ROEERS) BT - (HE
HEEYIRI R ERR TRMSESIERRTE 2N - A
BFESEEBARTRET « S9N - BB L~ BEELH -
AL SBALEELGISE) HEYRRIRESR 4 INE UE
(L2

LED NHE/EEY AR LHEMNTE -
(a) JEBHFETE (photoperiodism) » (b) Y&
TEF ¢ (photosynthesis) * (¢) Je'E 2
(photomorphogenesis) © H1f* LED &z g8 E a8 A
3l 2 E R By - HoATFE R ek SRR T S A iR 8y
Wi - H LED ] #EHH & s d1S 2 pr it -
RIEL LA LED {ERAEYI R R R IEEA - NEmfEReER
B RCED R EE AR A B - RIEHOEE—
AR Ry 238 5 DA H OB Rl - FREEIN—IE
Fr R HS AT e R e 0 » & R SRy FI
R H A HEEE IR A T ae B L EUE = - ¥
TRKHRAEY) » WRER - IR R R
THEER - EHAEVR—EFEERKFREE
A REH S - R TOEERE - F5E
TR 7K FR Y 22 2 R B g 14 » ERl LED SR Rl /VeE
FRFE b Eh H MR » W] sk YRy 4 3
JEHAM LR - HEHOLEE ~ AL - fhgEE
Viusse - nl DA R AR R IR R B R ADER
DU IR L EAE VIR %R - KL LED 7E k7 H
AP ftE M E W - A LED B AEHHH
RS - DS BOLE R - sEsE SGE R &
- HCERIERRERRATASE - FERIMREZEREZH
B - HRE M RIFERENEEE ERBEINZE R
¥ HYHBSE R EREYAERESEE IR E
EHIN TG (Barata et al., 1992; Bula ef al., 1994;
Hoenecke et al., 1992; Eiichi et al., 1997) * FEfA5E
=HEANZE B4 E EWEERH LED 1yt
B - (B FHEA A TORIRANE R R3S K - 75 Ba&bi

76 BHEFTASE =105 102.6

16 LEA LED RIS rT LB ZIRIER - HH
BN SRR LY ERRE R R T RENE S
JeiE EEIR LED fEAEY)E S ERYERERT %
0 AT SRR

3. EMIHFIE M (Microbial Fuel Cell,
MFC)

fEAERERT - RIS E B R AV
- MM R R T R LRI N EE A
BEAE © BUEYIISEIE R AR LA
RHLEEREE LR RER — TS E - — & B WY (E Y
B8 Al RS ekl - 0 DUE A B A
W% - HrPES MR RRENE © R i S - AT
LRI N A YR R B ek - SREE T
BT o B RCHAMIE R FE R - (E 1R
B AR M - FERmEANET - E A
fii i EAEOK - REELAYER - GAAEY IR i E R
& A 5 1 ] [ o S AR WD R PR AT EE A2 BE &
(Ieropoulos et al., 2005) ° fHAEYRARLEE .2 Fir DART
DUk b ERRe i i BE REFE A T I ~ 5 [T e {1
MG SHE - A0 10 Aos @ 5B —(ER G ER AT
Bt o & AT S SER - 2 E IS
T 2iERRE  MESE T EXEER L% B L
NIKIBEALRE - BB (HREENE - A2 MRT
2GS E - B R S E KRR E T AE T
B ARSI K (Park et al., 2002; Zeikus et al.,
2003)(23,24) .

s BUEYI IR B I RE A RS - B
AR SRR R R~ BB 1 (X 2 B M Y R
HhEEPH ~ BT ExX DR S RBE N ES (Gil
et al., 2003; Chang et al., 2004; Jang et al., 2004) °
SCRRCYVEIE T EEE RO A A Y AR E
(photosynthetic microbial fuel cells, PMFC) 2 f#Ef
FEUNME 11 AR - SUBRCORY B U ZE 28 R il =0
YRR E - DIE#BRIREES [HEHIPER A
bl G 7E A4 i B AR B B T RO E0R - (SRR RE
EEWRCREEF S L REE KiRERRRTT -
AR P R BB it 1 5 i D P R B s il T A L A
B SR - 30 PR R B o R B8 - i o8 B B A 3k
[ 5 P A S L — s S L PRI B B &



R BT KETRE - TPRGeEA SERES - fERE
SR F - HE MBS ERE A 0.37 V » 60 43
PSP B R AR S P 5E 32.16 uW/em® » HR(E
St ALE 4 /N EERETUE R 120 uA/
cm® FEE 10 yAlem® « FRILZ SN - ABFFEARE)
B E H N B T AR A i R B RE M HE - AEBE )RR
FARy 1.75 V - H B imBEEIZ Y Mg HIEE ST « SUR
COPEEHIE (thodopseudomonas palustris) 447
BT U S TR VIR B 0 BE #2 BL A 52 - 5T
FIEEERE (1) ERNE (modified electrode) 52
2 . (2) /TEE (mediator) BIREZERET ~ (3) AT
SV RN R T e FDE RS E T L2 BB
e BE ZEIMMEE LR o FFEAS RGN » PUE
BT o B HSORIRE G BN E ﬂﬁﬂ‘ﬁa@ffﬂ)f&
RERTE BB AR R 306 mW m™ » Hefgk
AR o B R R LA SR 7.4 15~ AR
127 {5~ TR 108 5 o STROVBIFELEH
rhodopseudomonas sphaeroides 1E i ZE PRk} i fe
THAMAIZE RG] - DI R Y IS EM » I
DIEAEMEAE M SEEEEE (pyrrole) BEIHFHHT
fiT2EY) (4-(3-pyrrolyl)butyric acid) 2 REE £
=5 FLMEEfRAR R - I EZ YR ER -
SEM 2% [ ¥ 52 B B5 (L B2 43 A g JH 125 T P 2 L
NERE G A EE ST IRE RS R
AR Rt D R B B s Y 2R - DUR &N
[ 5 3 /NI Z S E R M = T Ry Bt S A= P A
Rl R R i - BIRGSR AR A E 280 mW/m®
R IER Y o DU EE it < B A R B T R

L
Anode‘|‘ ECathode
L
_._ MEDIATOR ' ,
Products €—f— " =" ; (reduced) " Oxidant
I : I
; £ /'g 0 I
; g el o —e : >
.0 q\ “/ 1
I 1
Fuel —f—>1- - N(IEEX;ZS)R . >Reduced | 8 10.
1’ oxidant BAEMBAHTRZTE
® electrons \_ lon exchange membrane (Reference : A. K. Shukla et al.
2004)%29 -

JE 2 SIREACHIEAT A RAR AR - IR IR R

LS T AR R AR RUAE ﬁﬂ%ﬂm%ﬁ@&
TSI AR E R B A P iRy (e - BT
RARER A < SURERH B LB AR R AT - I 1800
mW/m® Z AR - BT LA AR
FrE L Hh - HA AP R b
BEBACR - ASCERI B AR RN - ARG

s REER B ERTSE

7K _E B HYE (sunlight) B2 (skylight) By
TEER AT RE R ER A E A K AR AR [RIE R T HYE9M
FERE Ry 7K OV a o BRI 7K HS A2 RE A JHI B A
b EE R DU E AT RO R EiE (400 2 700 nm)
WHIHEEE B BE & (total irradiance) F{CF% » TELLIK
B a1 [ N B RE BB /K B IR T E Y TR & E
HJEZGEE (photosynthetic active radiation, PAR) °
7K FROE R Y E R E K e AR RE R ER B s B ST A |
B THE TR T o AT LR A B — i
E- (mol) ~ ZAHH (Einstein, E) » & (quanta) 2%,
FEYET (photons) FYE( 2K FER ¢+ ymol-s™ -m™ » uE
s”'-m >~ quanta's”'-m » photons-s”'-m > » /N[E]E
(IR BIFAL0 T > 1 gmol-s™*m™ = 1 yE-s"'m™
=6.022 x 10" quanta-s”-m~ = 6.022 x 10'” photons-
s'm? e
KRS E R @G Z K TR S - R
TFRERL R IEEY) R B YRR - DR AR 1%
Y B S SRR B B R R
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(a)

o

Nutrients,
CO, .

@ Oxidized artifical mediator (HNQ) Pt catalyst
® Reduced artifical mediator (HNQ)

Nutrients,
co,

Nutrients,
CO,

Air

Pt catalyst

Electro-catalyst
Molecular hydrogen

Biomass & sugars
Photo-bioreactor

(f)
g
= o~

AN

Nutrients, I
CO,

oo

Dark, mixed-culture MFC

Nutrients,
CO,

Al
Pt catalyst

Nutrients,
CO,

Pt catalyst
+ Molecular oxygen

Current Opinion in Biotechnology

11. B4 5 A 8% £ M ¥ #HE e (photosynthetic microbial fuel cells; PMFC) % = & @ -
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s - EKE EZETEHAEREEEE AKE
% - HoagghEE E g inm 25 E 8= RS
& ok Ao BE R R =S TP AT DA P — (& A
SRR A EL (mean downwelling attenuation
coefficient for downward irradiance of PAR, Kd) * DA
FAFER TR ECIRRE - SEERRE AR
b AT ORI i 7K HR AR ) ] LR B AT R OERER
%5 BE/KR TR E Y T DUE T & F I EE
& T B A E%E (euphotic depth, Ze) ° Kz
EREYE 2 B H A KEE S - RFRERL (B
Rl EY) e W S Y R IR s - HIDERY
HRREER AR - BLERRE g -

ISR PR R ds - R E AR I A5
SEREREEIGTIRESE AR AT o3 Ry F i = - ~PERIP
KERIEE =M (18 12) - P U ERP B s vl
BEEE A R OB R ERR EAE 65
HIEANRIRTEE - JREIERE S IUAE E Ry 130
& SEEIECAY I #S IR .2 By 2p cosine irradiance
collector (& 12(a)) » FEKIZ I Z /Rl 2 By
2p scalar irradiance collector ([& 12(b)) » Bk F2UX
o AT R R A RO B EORFT Ry 170 & - 528
HYFZ I ER /82 By 4p scalar irradiance collector ([&l
12(c)) © 38 =Fe AU FCR B2 U 25 7 [m] — B i [R]— S 6
Fr BB S - DABR I B T & B St ad
Berm o B NGRS IREREENE - =
T 2 S A 2 B A S I i — B R A A =0 - B
T [F] — 7K 8 HP S 227 516 T Rk AR B I 2 A SR HITAE DA
@9) ,

B SEARAE K F S R R BB PR B =GR AR
BEIER— L E# (Lambert-Beer law) HY7K K
BRAF - A R E D — 5 8
TR0 ARMELE WIARLL - PSRy AR & R

(b)

HEmE TiRZ - SRR ZER ERZE R R —
PERR E AR L HT R — 2 RER - B A SR
B FB AT A RIS E IR R
G030 o FERFEIKET » HER ERR Bt g g
FTRECY o KB v DU i o —
[ YCE4'E (inherent optical properties, IOP) @ &=
B HELECR Y E AR - ELIMEES R OB
'H o ANNECEREE (apparent optical properties,
AOP) REEURSTE « /1 EEE LGB
HCY o (1) R EIAR— LB E A K TR EE A
7t Hrp L SRR - 2R I, 2GR
o R AT RECY

L= 1le™ (M

IOP BT e /KR IRV E 2 E - ERDIFRR
HAEARFEIENIT R » HE IOP WA EERRE—
HIFFEK R 2FBIREE 9AF « R F AT
HIREI AT - F5E 10P - A RElS R B FEREBIZE LK
HIER} -

— IR NAT B — R B R OE R A S — M NS R
AV HI7KE8 B R Ar o ABHEREEEERET TRy
D) ' A FBRBIEREE - EE—E
% WOREEREM - H—IRIE IR R R Ry
D,(1) * X D) T R AR I — R/ NEERERY
B FTEUIEE R - 1) FRFEENE 0 FHE
FRTTHRRER - (R A I MERET L - 7
G HEADETEBES Y ERE P8 A4 e R A A - (K2
ERSFIE - A5k ()P0

Di(A) = D,(4) + Dy(A) + D(A) 2

12.

F BV A K 6y 7T Bk 6 58 B A R
te(a) AREANGEEZF
&R AR (b)) EEEAF
A A FHRB XA ()
3B AR ) R 2 HIE A AR
3t o
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BN BB ol DU ERE R (spectral
absorptance) A(A) ~ JEFEHUHT =R (spectral scatterance)
B(1) AROEREZEST R (spectral transmittance) T(1) *
EHER ) @) B 6

AA) = D,A)/D(A) 3
B(A) = ®y(4)/®y(2) “
T@A) = 2 A)/D(A) 6))

AQ) ~ BQ) ~ TQ) 3B ~ Bt Bl 2R

HIEEER < S350 » AR 50 F B R LEA4 K

HESEET

1. Y¢EE (luminous flux) Fy e B A7 RF A 28 H Y
RER - FOUWIHHAEE O R ¢ ADGEE F
B (6) X+ B AU (Im) -

p_d0

dt ©)

2. 5¢5%E (luminous intensity) JE Fe f BB IR AL
T7HE A (solid angle) dQ ZEHIH S EE  HF22fH
— W@ BREAER O T AR r BERIE - &
HIEITE Ry dA, » BLESSEVIes Ak (7) =00 B47
By sr (steradian) ° [MY%5RE 15y (8) ZAx » BEAL
R Im/sr BURE Ry cd -

dA
dQ= d—r; (7)
dF
~aa ®)

3. BE/E (illuminance) 7E 2% 5y 507 HI TR B2 R A8
& o [RER ISRV AL A dd, - HFRE E Ry
(9) =+ BADRy Im/m” 5 lux -

_dr
d4,

E (€))

BEAh - R E R ERRIEE ST 2 E I B LR SR

M LEFAE - £ 1 RIESENDEEETEZ T
e

—SEYIER 5L (average cosine) FYHE 6 E F/E
FEER g T RS AR E JiA) - — e
A Z SRR A ERLHSEEE - SEE R AL T
K10 A RS R AR S, - TEER R -
WHBEHI YET » SESNAEE S A G e FiniE
BER G 0T 28 42 2 - R AR S EEE R A HE
[EHSEEIER T E - (HEE b KR RRIEAL Y
FAEM K B A - K - SERAERK
HR LRI - BEE(HEmERE - BUN KBRIRE - S5
A A e A B L - (FERIERER - B
RE#Z » SCGHNES SR EU BHE - ey
SEYEREE B OEECS D

zi= [ B(0)cosd-dQ (10)
4
2z

H= jZﬂﬂ(&)cosesine-dG (11)
0

Hrh po) B /KES A REL - 0 ZEST A -
B - PRI R T BRI KOk
LB AEERR o E— R EDER AS i
HRE - AR B A AR E R T A - HSEEEREL
BFy 1 - FEZEmIERER R ETE I - SHR R X
ARG BEERBUREOR - SPEERIZE BN - i
RIGHETNE - WG BIE S 7310 - KL
5 ASCHESH Eim TR EUESHI U - TNREE
SIS © SN » FESEEERTL AT ALY SRR
WLAREL a FIIA] N EEFERGRE Kp(2) ZERIBALR -
IR#E Gershun 2= ¢

a
KE(Z)—% (12)

WAREK P E— R 2 R E EERRE K(2)
A FHEZIE H P R % 1 (2) gk AR L (R a 5T

* 1.

RS E Flux Intensity Radiance Irradiance
B AL 22 (BAL) (W) (W/sr) (W/m’sr) (W/m?)
gk o HEES = Luminous flux | Luminous intensity Luminance I1luminance
(BEAL) (Im) (Im/sr = cd) (Im/m’sr = nit) | (Im/m’ = Lux)
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B - FIRHERGREL - K TGRS E L
ERE R -

I, = Iye Ke= (13)

e e ROV RS (air-lift bioreactor)
e EAEE PE S FESR (continuously stirred tank
reactor, CSTR) S5 AV ESS (photobioreactor,
PBR) H » B A EE BRI R AH BRI [ = AH 5 2 1
Ui - HUREAREZ B3R UT - I RIS H RS
B sg 2 R AR BE R R IR E) 1
(CFD) %o tfr -tV R ER: (E 13) 22—
HENHEPARCEY R ESS » S YR ESS T
B — TSR EHRIFEHE - SRR ] DUETT
EE TR - DLRBFREGEN)T - HIHAEES
EmHIHEITE HERELL RS R E  EEm - B
HITHIIF IR 26 2 B — R E RSO V) R e 2R T 9
HZHEmE - ARaE - SEREEDI ISR RES
NEHMERES - MREEFENZED L EMZ
I LLAIRALR » SR O Y SESR IR &
A R BRIt - 50 - MERERS
E IR ESET TEE (BRI EEZEAEDEE
BRI MR GRS ERNE - s m A
A FIREREERER - SERBERS - BRER
Ak EREEEE SR 3.0 g/L I IR EEHE
ANEE3#E 0.5 om » [RIAE AV S ERR N B AR
ERERY G g DB AR D ARSI - IR E5aER
e DG R (e e A A i B & 2 FE A
R - iR S e R e bE 2 s -
T HLE e e B R B — E RV EER - SEE
TERER4E "PIRRE ) - B EaErF R
FiE o HREEEWGI - HEEERER - LAY
[ fEZRNERE & ~ BEENBHEE - RIR &5 R

"PONRE , K ARG TR LY E R
HITER < IRATEEEA - SRR SZ AYEI U E IR
TR - RIEASEMM - mEEEREEREE®RE
B 2B TR R TRAEE - RTDIHEET - 558
HERE R RGN AR E AR S T
ARCY - E5 il KRSEI 7R EE L BHIER
EERIIIEL  PRERZADEE(FAERRI S ERTE
IS FERERR - TR ESR BB A IR e R D8

Fe o R FERIHEB) T — (e S FE SR PR R
HIS A A B AR AR — ELRA R RS EER - TRV IR
HRoERE SR BB RO B2 8 — i A LB SUE AR Y
EEHS  E R AR R A T S S ERR
BaET  OREAE LR UM -

fE— AT » LED & 5F 6 R Y >t 2= il e
ik e T 9828 P R Y {495 1) B e e 1 4 T FR BAE
Ff— FLEE R FRE « B At = In(I,(A)/I(1)) =
Ka@A) « P - C» P BLERERVIERE - Ka(l) Ky
el REFERGE - C BMlIERE - X
(Ar) B Rf R A R 2 1 = L 1) (S RE PR SS)
FCIE B o 2 R vee i A i B (R R R e T 28 L
BRI R R TR L U AR e T 7 2 B
HIRASERTE . — « THEHEER BRI EEE -
/A LED 85L& T2 E HOREU AR/ - StlEsT
EEAEREESAZEY  EREES - FEM
o v E AR R R — E EE N - SRR
e B T A AE A S B B S - 1A RothE
FCEE IR = I 2 R B B R 2T o AR
TR CE U A e % — L E AT A s
B SRS - BRI FESS (plate reactor) &
8 ESS (cylindrical reactor) FIfETZR (FFEAE
13 FT7R) ZRItE R = AR gs ot s ARy BE2
A G E B E S e AR R B A -

(B2 a5 15 [ FE B8 3 LA B (B E) ~ 138
(B FEY B AR B ) FOSE (LR W H A A AR FE
2 HPEEER R~

@ = I, (14)

T — E AL —E R N eSS I
R EME - IRBRT R EEL - R
AR AR 0 B T E AL - B —HEEEE T
T (E TSR T E - RIS E HES)
AESES) - D ECERCERE T E Lk B SRR
JERIPIE 228 - IBOEIRENTE - HERESRAESN
SPATYEIRIRES T ST EREaS A B — 00
WA — B e (3R AT A Y i LR
(RIE) B - SEWER T BRI R Y B R L -
EIEHAE — LR e - BB CER R AR -
JEHRAE S EAR TR A EEZ SR (BE &)
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Plate Reactor (wall thickness: w)

DAQ

(front side)

13.
WAL RRBELRMTTEERL X

TATERE -

TR R LR - TBREIRIEORIT ORI T2

£=—0[1(1—8s)—0556‘s] (15)
dx

Hifg +e, =1 g=(E+e) (1 +E)~ E=(L-L,)
Lo’ & RBEAHER o, BEHEE  E RKENR
{LIRBZRREE - L R E FALIRIRE S (m) » Ly,
B WA TAL R IR = (m) K 5B ARAEA R
(15)  HEFUEG x =0 BF I =1, T 15

82 FHEITRE =155 7<4 102.6

LFiber

Spectrometer

Fiber =
-—
H —
— 2
PPF sensor =
— Y A
Photolimitation region
w (low photon flux) Photoinhibation
region (high photon
flux)

(a) plate reactor

Cylindrical Reactor (wall thickness: w)

DAQ (side view)

P
(outside)
Spectfometer LEDs
]
o SN —

H —
b =
PPF sensor

-—
— Y

Photoinhibation
region (high photon
flux)

Photolimitation region
(low photon flux)

(b) cylinderical reactor

= lyexp Hal L-(1 - eo)lmt (1—52)me H

=1, exp{—[al L las _“l)(Ll_EO)me}x} (16)

= ERESREER - W B=A - RiEfER
RO AR B~ AR - [ B R S o3 BT i
e SR A B AR R OEER AR RS EROK
FRBETETRAE - SATEAE R R T AR e N Ay



I B H R R & R S E S S A R P 2 70T
R E Ry —HH - OR[N A (e A e B I (AT
MEER (1) RN E E R - (2) WEEBEIH
iSRG E A > A RRE T ER A R 28k
filt o [FfR - R RE R R R - KR TR
=HHv R BEAE T EL - G AREAREEET
AP - FERRME — LR E R 2
EEREGRAE T =M LR i G RE AT R Ry

d[ ! ’
d—:—all(l—ag)gl —asl(1-¢s5)es —agles (17)
x

A e +e te, =1 o BEIETHP RO &R
HIE &R 5B Ry e M ey » RIS HEM & M2 DA
TR te,=1e=c(l-¢p),e,=e1 —¢p) ° =1H
LR R & REC A YR E » ZHER
(LIRAF R & R AR T AFER

2
£e = Egmax —C(%—O.S) (18)

BRI - B x=02x=DIRRERe, =0
1§ C=de, e HIRERDMGREATEHEE

£y = 4Eqmax (1 —%j% (19)

PRI oL KSR 2R A PR PSR S R

G gdx 2
&g :-.-()‘E‘Tgnggg,max (20)
i ] 25 1 PP B R S 2 =R AT R — B AR R
HREZHORFR 1 6= (E+g)/(1 +E) » LA ERR
AR A7) WARE G x =0 K =1, T

%

I =1Iyexp
2 3
4&y max L—(1—&y)Ln
—|a x_zgg,maxx_+ Ze. x2 ( 0) !
D 3 D L
3 pa—
0| X — 260 max —+ Aogmax X 5 U= 20) Lt
D 3 D L
2 3
x° de X

+ | 260 max — — —S 21

g ( g, D 3 D2 ]:| ( )

[ L—(1= &) Lus |
=

285 max@ | L— (1= &0 ) L |
K, =
(DL)
2£g,maxas (1 — &0 )me
(DL) -2 max e D'
_ 4£g,maxa1 |:L - (1 — &0 )me]
(3D2L)

K

(22)

3

4Sg,maxas (1 — &0 )me
(3D2L) —4&g max Oy
(30°L)

HIIE (21) AT
I=Iyexp(—K x + Kp* — Kx°) (23)

AL BE SR 2 e B R A B T B )
122 (CFD) f&iE - AR HA%R: — L e e
& R MR B RGN OUTRERE S
A1 < B B A R B B 5 5 B LED g AN
Vi S REGRIE N2t A A EFRALR - E R
BLOBIFESP 5 R £ i ik Ry E it ik
DAERARAOE N R aat Z HEE N

N

Gl

M- 4SRIRIBEPHAESEFRERE
ABE

JEERE S E B A R R = & B Y 8 2
FKEIR FEALTE  LE1ER » RN ERK - B¢
M B BZHENKE - GEEE - HEYRE
IR FERLSE « WILE  EER  WMHES -
EYER  BEMNGERANEZDLREZE
il - FIRFHAZ R E B9 PEH] o LAMNESER I RS
Frac » RIEROLEHIEY A REEHE R
HEAE o YA ] R ER - FIRALAN
St 0 BRI 700 £ 800 nm HEHIEYIILREHI#E T
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14.

(a) A AR Z b AL B wh
4~ (b) MBS Z B
J Y (a)

(morphogenesis) * [ 58 4ME AT #2477 8 H B L
SIEEGE o B ERYE £ TR =
PR (receptor system) o ZEAKZ IR IPGITL 660
nm FERETHEEEN - SEBEE (phytochrome) %
I 660 ~ 730 nm R AEHIFF 270 REFE AL HY S E -
MEETH#E S 32 (carotenoid) UL 450 nm 5 [FEfE
% (tropism) DAK ERER L REFE4E (high-energy
photomorphogenesis) ° £ 300 2 400 nm HY4E
ANEEL 700 2 800 nm HUTALAME GERLY) &is2
TEIHY AL R HAMER - £ 400 2 700 nm HYYYE
RELEEE A RZEUIRIRRGR - BB R LR
HETERBERE (photosynthetically active radiation,
PAR) - & N EHELERIYZ PAR #iE ADEFHIEET
FF PAR #EIADEZIEE - FrliE 2l EERE
HIYEEERYEFEE (PPF) @ LB AR A& 2
BLAT TSP HI_E I R EEAE 400 2 700 nm HE
THIEE - HoH B AR pmol/(sm®) B yE/(sm®) °
RV R Rt & BT ES (quantum sensor) e
WML ERR T OEE T8 (umol/m/s) TRz
I AR (lux) BYEEE (W/m?) o BCHIBS TR s
= K¥H - TR RCHIES (photometric sensor) 2K
=] BO% (380 % 780 nm) ¢ {FHAHEATE lux (lux =
lumen/m”) EUHESE ( fo = lumen/ft?) - HEEE R HIZS—

15.
(a) LI-190 » (b) LI-200 °
(c) L1210 - @)
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(b)

fRAATEIR 2= - OB RKIE AR SRR B
it Rk L R TR AT 2 (8 14 > PR 555 nm) »
TEYIREED AR BURE RIE S5 —ih#R (B 14(b) »
&5 675 nm) ° EAECY o

iR 5T B (pyranometer » BGHH H 85T (solar
meter)) * A] HPLEEIPK B K GEEERTE K EH K2
ZHRES - HE e R E B E - m R E]
H LAY 400 = 1100 nm ~ 320 2 4200 nm K% 280
% 2800 nm - HE AR I RHIE AR ER -
HAE W/m® - HEEHZ EEEGHITT R BB HE
(thermopile) BYEEE L (photo cell) o ZVERHE A
BB R REIREE AR - R
& 0 {HIEE B E - Eppley 2\ H|Z pyranometer
BVEEHEEH 2R - EENZ R R#EE R 280 &
2800 nm ° SEE MR LENES R EBERESE
w5 - LB - EEMZ KENEE R 400 2
1100 nm * LI-COR /A F].Z pyranometer /5t 7]
JEF 2 AAFE o DLE = BRI 25 B9 3R 2= & & — i 1F
+5% ° KEEEER T RI EM E S ~ B (IDEEHEHE
JeER) ~ BEES - FEEH (5 L TR KRR o
FOERCGHIESRAIE 15 FR » & 2 s fs =71 LI-
COR YRt Bl BT R R auE - CVsERr
OB AT E DRSS N B A E




[ 16. 7T 4% X KR (AvaSpec-2048) ©

EIEETTER - KIS TREEE: - B - B
B (400 Z 500 nm) » L% R (600 Z 700 nm) * JEHL
J% FR (700 Z£ 800 nm) * PAR (400 % 700 nm) 5/
ZiEtE T HEE e EE - B 16 ik
a7 Avantes 2\ H]HY AvaSpec-2048 AI-GE{E » ££
FHE TR OB ERET - R 75 mm - BT
(% SMA #11 » ] DUEERE TR E)
HEE ST - NTHSOEME - ARSI Sony ILX554B
2048 BFARM CCD BAIES » I RIEE 200 %2 1100

nm ° PR 0.04 nm © 24 USBI1.1 2% USB2.0
BECT - RS-232 #2000 /O 8/ Ffgedz ] -

JER I 2 A 2HEH EHIE REE 2.
L1190 e . pmol '™ | 400—700nm | & LI-COR JBE
(Photosynthetic Photon Flux Density; PPFD) Z BB B Bk R 5
H #EF RCHI s ") _ B -
L1200 (Pyranometer; solar radiation) Wm 400=1100 nm
LI-210 LI e lux 380—770 nm
(Photometric; illuminance)
5~ #EE

AR Th BB A B S R R e T T f B RR
B T EERRR AR E @ e 3 RET S -LED /&
E Ry e & B AE 2 S 2 B RE R R 2 S A 38 51
= ZRRE R - gTEERSEFEYE
THERER AR LED Bt E B REE D
fRPOEIRRIRE - 0 TEAE A E R A A RA
A& 17 F o WRFCRE R - LS EOEIRDELE
LED i fERI » RIEHRAE 650 2 950 lux « i
FA#T B R FE SR NMEET A FEBERER - A LED /&
el AN ILE R A E T R -
TEEE A AR R EE AR ERE DL 0 HE s
P S - ARGV I ] S B R e K S IR 5 g
HREEMEENSE  RARIEEERAEGE L2
HEME ERSES  CEEERSERIATS
M - FEEE S L 0 500 BEEEE T EE 4
{BRRF 17887 AT —EALHR - BERERTE IR
LED /& - HES RS » SpotEEIRSER - m
BiREATE - MERIME - NEBEENERRTHARE
FeeRE/N o T E SR ETEEE A R R B B S
R AT DUER H AR 1 B L TR B AR E B RS
> ak—2k » NMETTDIRRAEERA - BrfFE

B 17.

A LR R EZE (LED ¥
BNIE 16 R ENEEEREN
(3t 288 1845k LED) » #ME 8]
# 12 & LED %% (3 216 18
48 LED) * ‘K& &% 1000
&%)(40) R
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H T2 ERERE IR < #8 -

PRI > ARG TR AR AR TE T/ VR IR 2 A EE Rl

W B2 2RE > EETER BT A YRR

el :

1. AR /8 R A B G B i R e - SN (Aras
ENEAE R - AGUREIT A ESR
RIR GG - DU SR SO AR A A Y (g
TR S ] - B POl HE AR
FOT R P 5 R - BRI e TR AN
SRR - R EEGET IR E DS FIRE
fEAsR -

2. fRFIFHIRA LED SUFEM G EARE - SRZH
HAR R - Bl SCRIE e K
[ Je g % Rl a T ELAHRH B ZWE 9T © IRASESTHE
B PEsR R Z BUE R B B ] - SERES I
TEEURACETTR AT © ASCRER RN BB
FE 5 2 A AR IR SR - DA (E R
Bl By B IR S iR TR - A TR
LI fEARE T 2 B R TEAL - DU R 2 Bk
TR R ERGT - W E R ENFERILE - B
R OK R B AR A 2 MEREYE - DIAIBOR AL e e
RiBFHFZ MO e B R 2T -

3OLEREDERIEERES - Bl REENERENK
JEERIT (i) =& ZMFEIRE &ML i
BEEAR O FAMNE - DHER R B{E RS
EAE Balnag AT ST - ST RE R BUE B
BRI SBBEGHER] - ANAETTE AR TS
PN B 5 e PR A AL B R - #6
FHEE B HH S AR e G T 2 B R B R A T
I« I - A EZEHATERRET LED SBIFAER
[F] & (TR R i TP R AN R (B R > SR~ 1R
B ER) GRIFT > DL - o Ahid
ot/ WA HEFSIEERRE - (R Akt # =\
JCI s Z FERE o RIFy LED SUISAEFF S (7’
B2 =) B N EA AR RO I
EE S LE S LED LA HEEE Y
ERAEHEBEEASERANTZE - Bl
A STRRIETE ] A - H T Z e EZR SR EAN (A
FIFHB# LED JEFsRESEOLEE ~ Yt
PIERER - $HERESR A LED JEsm A

86 BHEFTASE =105 102.6

TEVREERE - R 2R O EH M ERTE -
BrRHE—FEAMIE - R CRIERER N S 2
FAY)  RIEEGE RN S5 R R E e 8
FE R ST ~ B S E 2 28 - &
AN ELE 2R E SR NI ERY « B
MEE LG R B IFH EEARE - WASE
ot mELEE IR — AR R - KGR
JEFITAE I SRR AT & A Rt m e SR
WhnESENERELE -

R TR R FIR T (58 ~ |~ HEHE
B ) HEHORIEEE - A REbE B A EA
HIsZ 2 » AW TeHe s Bt SR AR D R
fill and draw (F/D) SF#p{E BRI AERRT S 45 E SR I
B E SUREER 2B - LIRS (plate reactor)
EH[B| {8 (cylindrical reactor) Wi L3R LEHZ
R sT  BIEEANEERERE Rl #
B ARBHETRERERSMCERSE
B LB AR A YIRS B IR & LED ¢
JREF A R R RF T 2 R AR
5 1 (1) light/dark ratio ~ (2) YEFREEREAL « (3) %
AN~ (4) B~ W RERFFRR - (5) B
{AFF—LLEE EHMEE] © (6) Intensity Attenuation = f
(B @ RE - RKIESIEIR - 22 0ERE (6 (H)) %M
A E R DGR R £ 8ET T 0 PA
REARIE I EERER G T EHENE « R Al FFAET
B RFEAE MR ESSFERS o WE 18 A
T o

FEINE - AL 2 B AE YR BRI
HH LED HFEE ~ A R HEAC A E R R
fir » THEAPTA ROt S g e et~ LA TER R
fEotE MFC FEMA B2 tnmE st il - B
BHEMEMT
L AEYREE ST ERA A REEERERERBH K 2k

ZH R I B R S HOE R AT AT AR R 2K
BRI AR EME R LR B AR
flir o (sS4 IS FE AR B AR R A L2 TH
S EIRE AT A TR - BT - T
12 R RHEE ST AR Y S FE AR IR BT ~ #5841
BRI RETE - DIEARIEHS I AL ZERE ~ 271
CO, JHEZRUEE » WA KE R ZIHFE G N1



Cylindrical Reactor with Bubble Flow
Plate Reactor with Bubble Flow Z

Gas
Cylinder

Sparger

Sparger

Y

7 AT
I
) L

Y
;>¢i_— B A 18.
Turbine x Iy ARBETHARZARIEEZLERTE
X

Sparger °

SEFH R JEde (FEER - CSTR ~ #E2 - SLEBUEYIRE
2. BETZ W 5E E B R AR AN A F] F i LED YEE EHh) EARE 2R - SR E AR ERR 2 B

KIEENEGHE  HYNRMEYEER > TR et SEAL > AT HR IR B (s R R iy B R A

JEZS NS LED SERaFE s 4h ~ IR IERE - FFRl2 BN -

WA AR 2 R A TE - e FE— S AR

% ° =43
3. $EEHIRIRGE RO I BB 5 M2 B 1 F IR R

g > DISE B 5 2 I W fel 7 i (T L AR BEEFAEFESHIK NSC100-

B e BRI 2 ERE M - AT DA RS E & S eSS 2221-E-150-089- % NSC101-2221-E-150-052- Ffi%
et 2R ST AL 5 G DU R 2 B T TR Bz o REH T4 B AR EF VR TR
KEEFRET » DAFIBORAE 2 MR E R 2 H e B ERHZE -

FHEFTAE =108 578 102.6 87
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