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1. Introduction

Solar energy has been used mainly in two ways, that is, the
electrical generating system by photovoltaic cells and the heat
application by solar thermal collectors. Both sides have been

independently put into place or juxtaposed. In his study, we deal in
photovoltaic/thermal (PV/T) collector as integrated combination of
both a photovoltaic module (PV) and a solar thermal collector (T).

PV/T is expected to allow for a small footprint solar panel as
compared with juxtaposition of PV and a solar thermal collector.
This paper argues over both the heat collecting performance
and electrical generating performance of the air-type PV/T
using a see-through a-Si PV as the partial cover, conducted
under the large-scale solar simulator.
2. Method of studies
Figure 1 shows the simple overview of the air-type PV/T
Four carbon fiber sheets as heat collecting material (called
C-F sheets) were put in obliquely intersecting with air-flow as
heat medium. Lower ends of C-F sheets are displaced 15 mm
from black-painted urethane foam 15mm thick put in aluminum
alloy casing. Air as heat medium is able to flow over and under
and transmit C-F sheets. More information about configuration
and heat collecting performance refer to Miki et al.[1].
Experiments were conducted indoors under the large-scale
solar simulator. The loads on PV were given by electrical
loading apparatus and two load efficiencies are respectively 0%
and 100% of total. PV/T had south winds by the wind tunnel.
3. Results and discussions
3.1 Heat collecting performance of PV/T
Figure 2 shows heat collecting efficiencies of both the solar

air heater using C-F sheets!" as heat collecting material and PV/T,

with the flow-rate of 60 m*/m’ + h and with wind of 0 m/s. The
case where heat collecting matena[ is a surface selective
absorption wavy steel sheet”are also showed on the graph.

3.2 Temperature rising of PV module

Figure 3 shows the correlation between temperature rises of
PV module and intensities of solar radiation, with south wind
and with load factor of PV 100%. PV module temperature was
represented by the mean of nine measured values on the rear
surface of PV.

PV module was cooled down 7.6 K by south wind of 3m/s,
with intensity of solar radiation of 1,000 W/m’.Because the
temperature coefficient of the see-through a-Si is -0.23 %/K,
gain of 1.7% is obtained about photoelectric conversion
efficiency. This gain is very small when it is compared to the
result for the case of pc-Si PV module.

3.3 Suppression of temperature rising of PV module in PV/T

Figure 4 shows the correlation between temperature rises of
PV/T and intensities of solar radiation. It resulted in less cooling
effect of PV module than liquid-type PV/T.
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Studies on the flat liquid-type photovoltaic/thermal collector
MRAR =ZKREE ERE#EES RHB- MHE—E dHE—
-] Yasutomi MIKI Shunji ASAI Kazuhiro AISO Yuichi TSUJIMURA
L (LRI EKXF) (RIGRERBR A TLEARZEV S —)
1. Introduction

There are some predictions that we have to development renewable energy as much as conventional energy in order
to supply the increasing energy demand. Photovoltaic cells of all others are seemed to play a significant role than are

seemed now.

In his study, we deal in photovoltaic/thermal (PV/T)
collector as integrated combination of both a photovoltaic
module (PV) and a solar thermal collector (T). PV/T is
expected to allow for a small-footprint solar panel as compared
with juxtaposition of PV and a solar thermal collector.

2. Flat liquid-type PV/T

This PV/T consists of both a polycrystal (called pc-) Si PV
module and the heat recover part pasted on the backside of the
PV module. Figure I shows the simple view of the heat
discovery part.

The evaluation tests had been conducted under the large-scale
solar simulator according to JIS A1425. Water or brine, solution
of propylene glycol solution of 50% density in water
(called PG50%), which was kept at a constant temperature in a
heat medium tank using a refrigerator and a immersion heater,
was flowed with the flow-rate of 1.5 L/min.

3. Results and discussions
3.1 Heat collecting performance by heat transfer panel

Figure 2 shows the heat collecting performance for the case
of city water as heat medium with calm circumstance.
3.2 Temperature rising of PV module

Figure 3 shows the correlation between both intensities of
solar radiation and temperature rises of a stand-alone PV with
south wind for the case of PV load factor of 100 %. (Also the
case of PV load factor of 0 % was carried out.)

3.3 Suppression of temperature rising of PV module in PV/T

Figure 4 shows the temperature rises of the PV part of thePV/T,
during the heat removal from the PV/T for the flow-rate of 1.5 L/m
with calm circumstance. When it is compared to the temperature
rising of the PV module in figure 3, the repression of 27.2 K is
estimated for the intensity of solar radiation of 1 kW/m’ with the
flow-rate of 1.5 L/m passing PV/T. If temperature coefficient is
-0.5 %/K. the cooling effect of 27.2 K corresponds to the gain of
photoelectric efficiency of 13.6 %.
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1. #E

JEHEE O FARICIT T REEA & L THHAMBIAL 446 L, 9 HilEfEE 500 75 ha)ld gkt
HFED 60%, EFMAED 0% % EDDH. TOEMEIEERETIES TH M LHEESH, 2
AUITACHEE O FRETER D 26%, EFAMERER OV FIREIO K FL20{FICHY T 5. T4,
FHEOGRMEICER L, 7L 7 T—N, #& - 2VT, 77 A 8= R— R, FEMERAEER
B ENED, Y¥EHFOREFBOEDIZERIZIZE> TV, BUE, F¥~H¥FH(Sasa
kurilensis)DOFENR 2 &r 7 a L LTRAICH SN A 130, BERRP BIEYSERPRERMEZ2 LI,
F£7=, 7 <A Y H(S. senanensis) DIEMN YV HCEIEM, ERVEEREMLICFIHAINATWDR L,
ZORRIIBIKICHDIZoTW5S. L L, FIAEREZ2ENLZNIZRD TH2 L, BIROKRFIZ
RAUAOEEMRBEINTWD, P HRIEEZ RS, A, THEFEL BER SICRBT S Z LT
HAAERD 40% % E 0 AL, EEEDOPTHEEL > TELS, LOBLRERDITL A L ZMIMNIK
FLTWADLMREIZE > T, RAABRROEDFHOBEN L LEEREREZFF.

Table 1 IZF v~=HFHRL 7 <vA FHRBROLFERKRETT. LEHTHDI I NLHETS
L, P HEBIIKS L X REZBICED I ENEETH H. —F, MIREEREK S O
Y=V BIZVIT A A M EIKELNLTWS. A3k —R(F, FLLTTFE/ IAon
JEVIUNLRENTWS.! LEB-T, ¥ EORSFEEZE LA ARNEIT, =% X
ESERS EXTUTULERD. EAR—ARHERAI LT —ADERRTHL I VA< T
CERBT AL, XFUTURGMADMESETHD LT L MORATWS.? LERST, #
YR RIRTERH & LLEAOIR A2 R TRART S &,

X —ARZEOA ) Iv—%2525. ALIIBELNTKEMERTTDHEXTY P—ABEDL
N5, F2U b=ty afit AEOHEEL L ON, TRXAX—BEHAEIL29keal g’ L HEEHG4
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keal g & ¥ HIEL S A > R U 4 UIERRENE, BT O Stk S HRE L L TER - RAEENEZ R
4. BE, ¥2U PR EEM L TR — a7 bl L v u— R 2K E(L
LTHESN, ¥y 0T =RV 2AOHKE L LTRIASA TV A, bBAETHESATY
5% U b=/ 11,000 b P OXREITWMATREHZ L > T TV 5.

fyEoavEREE LT ANMATY ) —AEEDEDIC, hUEna MR ERL, BY
L LTORBRER, KB4 EOMmoBREDESTERIETORR L 2oTn5.” —%, 1
FRME LTOBEARRL, YHRER L TOMEERES A A8 ) —VOEEREREE
BB LRWRIENR DD, KEETIE, FUv P ERARMERMER TKEL, ZOSMRERTICE
INBEFIO—ZAEZWEMICL > THF VY b—A~ERT 572D ORIERKBREME OB 21772
otz £, KEYOKBNE T, MEDICL > TEMEZ2FITWEISRAE LEBEEZEET 2.
Z D= DITIEMRARNERIZ L 2 BELEWEOREDR LI TRET L.

2. EBR

FF =Y (Sasa kurilensis)FEHFE(42-80 mesh) X E Y « =& ) —/(2:1, vIv)IRiEE &
OBUK CIEXR AT LR L7z, i E 2 OHEY(300 me)lZFTE & O A itER(0~4%Hilk) 2
Nz, 121°C, 60 4y fEAKfR L=, KifH % Aia L, AiE+F O T HERELZ HPLC i£(HPX 87P, Bio-Rad) T
ERELE] AP ORBELEYRIL, KIFHKO 280 nm TOWHEZRFEL, 7VvT7 77— ELT
EfE L7, EHERERORBEMEYRMREL I T 5 729012, 2%mEE(30 mL)IZFTE & OEMER R
(B M, BAR A oy IHLV)EMZ, 87 160 2 ~o—7 OFEESXIRERZ AT
30°C, 6 B, IREHEMA SHT=. REKEAHIL, ARV OBEREL I UORBERLENE Z LN TN HPLC
HBLHEETER L.

3. BRLEBR
3.1. FUwFIBROBKEE

RyBy « & ) —VIRIEP L CBUK TR S = F o= F - BRI BE DL FE/RIE, '
O—R437%, T /)X 5 268%, T 1.8%, U7 = 223%, K5 0.1% Tho7-. &
Et & F R TR L, 557 FHEREOIURE & BB EY &% Table 2 (- ¥, WiBREE AHEMIC A
WK RIS EHEO IR IZ B EITET L TWD Z 0, D2 & HREEREDHEMIC & b 7RVIK
REUSIHEITLTWA Z LichD. —F, Fo—RREE, MEERE 0~3%D§M ChitBtlkE
O & HRWEEN L, WREEHE 3% CROREGHRERF214%, dF 2T 870%) 2527 &6
(CREEEIEEE % 4% BT B L F o —RANEITET Lz, Zhid, KIS T—EAER L-F 1
— AMKEIREET TR L= L EZEZ N5, MERIRE 0.5~4% OB T /L a—A
NEICHEAREZRIIZBHONT, AL —ROK¥EITZ Z THW/KBEEGET CIIHMEHL T
WRW, w2 ) — AL B EEEOMEE AW T-&EGCRB L4 %) TORBE S, e
—Z L ERRICw U SRR BRI AR L TWA. LMo T, ZZTRW-AIEE R
Wiod— b7 L— TR 2 X 2 7 VKRR L Bbi .

Y77k a—REREOKBIERIC X > THITREERR S8R - BT 225, —BAERLE
BEFEB AR T 2BIRIS b RBICET T2 2R L<MbN TS, £ TBERELZ 2%
L—EIC L, HEIEICE XIET KRR O EE F 7. Table 3 HHALNRE DT, Fra—
AU B LA AR 20~90 43 DFEFH T 4~5% L 1FF—E TH Y, KRR OMHEIZ L S BELRER
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RO LNRhotz. —F, ¥ o—RULEIE 20~90 4y Ot TR OERIZ & & 72V
L, 90 % TRAMECHEEL 20.6%, ¥ T 83. 1% b5 2 7-. S DITKMFMEZERTHLX
o—ZNEITETF L. F25 0O F 2 m— XEAIO C-3 iZlZa- -arabinofuranosyl 2 ' & L T
FELTWAT I/ —RELL, KBAEHFTTIEIFIr—R XY bKBEINLT L, 60 57 TK
KR 1.6%XEENZ 5 %2, SOICKMIEMEZZERT S LINEETEZ 26 L. KERFO
Na— A TERPERIETET 7D DORBIRE 2D, A~S5%RED TNV I —AIREET a2 %
EZETHEOLLAFELY. LEB- T, BHEBRENRKEL S5 X5 60 2 OKAELIENF
U b=V REREE A RETA-OOWERFHFLEZ5.

3.2. REEHEDHERE O D ORFKNE

Y7 ) n—RREOKBIERIC X - CHIBBERRZFEIZKME « BT 52, —BAERLE
B A —EH KBRS T CHADIRL IV T T —ARAFATINT T— Va5 2 5. EHIT,
IREEBIROH, a—ra TR oA IRHEYFREIO Y 7= 3 KBEGET T AR T 5.
DX HERAKYRRENY =0T 5 7 A MIEFEEOMAEN IR L CHREEILER &
LTl Li=moT, V7 o —REROKBILERIC k> TAER L BREE MAeDEH
TAHEDITE, BEF o AZELHLRAICE U REEAEDEZRELRITNIEZ 62V, &
7=, ZHVE TOKMEMIF o~ FEHA 300 mg (2xF L THAHIEE 87 mL MNx TARAFEI T,
Z DEMIZERREAS 1:290 LK TH Y ERMZRAESRM LTy, £ CTHEWREKL 1:10 & L
T BN T KRR FTE HE Ol PER R (B0~60 g LHYZ NN %, 6 BERRERSAL X 7=, Table 4 [ZR
£ 91, KRIBEPICEET 2 BALHLUEWE D 99%LA £330 g L' OFEMER RN CIERE SN T
W5, —F, EMRRAAC L2 B HOBRIIBEINE oz, S OITRRINMEZHEMNT
HE, BEEMEDTILS OZINT 24, BHEEOEK, LVDIRBEE THLIFIE—2
DK T AR HA172. VL LOR RN G, KERKD 30 g L' BREOIEMRFAE TRELRIC
TR E S RVIETTAME SN D, SRIMEABXEEROBAFACRELS THOWONT
WBA BRI L D el oBRER E LRI EET .

4. &5

ARFFEIL, dCHEE I NIt L RIROFH AR EO - TH D, KEEIR, F
S HFFRENLF I m— A S, MAEHEROVTE VY b VICERT D 72 OFRKAES
HERB L. /-, ¥ u— 20 MEMERICEL, BFEEY L LTEIELHERY /=0
HEOBIEMOER L, IR INEHEREGBO~60 g L)% AW - REEMEY IR E O L1772
STz, ZFORER, KbiEb) e KM LT AREBREN 2% T, 121C, 60 7 TH o7, ZOF&HEE
WS L EEHRE TR 20% DI TH o a—2ARBON5 Z LIch b, SOITKRIKIZ30gL' O
IEMERRZMNZ, 6 BRfHHE S5 Z LT Lo T, EHEDIZITEREOI%LL L)MERE SN0,
JEMRRAHEIZL 2 EBEOHERLBRITRD N olz. ¥ —R&1GD =D DKMBERMIL
R &N, fFEEHAR T 60%LL L% 56 5 /KRREBHREOFIANREL LTERIN TV 5.
BREBAEE L VRV EETABRTINIEASAN A =7 ) —VHORBEEREOND. £, IRt
HEDOTNAAVRETY V=ML, AMRAZ7 =/ —VBIEOBER L LTFIATSIED
Zzond. V= MHEREIIREBEAEM ZRET HT-DODORKOFEEE LTHWD Z LB
ETH5D.
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Table 1 Chemical compositions of the culms of Sasa species and birch wood

Culm of S. kurilensis Culm of S. senanensis  Birch wood

Ash 2.0 1.9 0.4
Hot-water extract 12.4 13.2 2.9
Cell-wall polysaccharides

Glucose 60.5 56.3 60.5

Xylose 34.0 38.9 343

Arabinose 3.1 34 0.7

Mannose 2.8 1.5 2.5
Lignin 223 21.0 18.6




Table 2 Effect of sulfuric acid concentration on the yields of

neutral sugars and residual fiber '

Sulfuric acid Yield (%, dry material basis)

concentration (%)  Xylose Arabinose Glucose Mannose Residual fiber

4.0 17.3 1.3 4.5 0.1 59.4
3.0 21.4 1.8 53 0.8 61.5
2.0 20.1 1.6 5.1 nd” 63.6

1.0 18.3 1.1 5.1 nd 66.5
0.75 18.2 1.3 4.9 nd 67.4
0.50 13.6 0.9 4.3 nd 70.4
0.25 7.0 0.7 2.6 nd 779

0 nd nd nd nd 99.1

"' The pre-extracted culm of S. kurilensis (ca 0.3 g) was autoclaved with 87 mL of dilute sulfuric acid
at 121°C for 1 h; Not detected.

Table 3 Effect of residence time on the yields of neutral sugars and residual fibre "'

Residence time  Yield (%, dry material basis)

(min) Xylose Arabinose Glucose Mannose Residual fiber
20 17.3 1.0 4.8 nd” 66.1
40 19.6 1.1 4.4 nd"” 63.7
60 20.1 1.6 5.1 nd™ 63.6
90 20.6 1.0 45 0.2 61.7
120 18.9 1.1 4.8 0.3 60.5

"' The pre-extracted culm of S. kurilensis (ca 0.3 g) was autoclaved with 87 mL of 2% sulfuric acid at
121°C; **Not detected.

Table 4 Effect of activated char dose on the chemical composition of the hydrolysate*'

Dose of activated Inhibitors Xylose Arabinose Glucose
char (g L) (%) @Lh (gL (gL
0 908 x 10 21.95 1.57 5.41
30 7.5x 10 22.62 1.70 5.70
45 3.0x 10 18.54 1.22 4.55
60 2.4x 10" 16.37 1.12 4.13

“'The pre-extracted culm of S. kurilensis (10 g) was autoclaved with 100 mL of 2% sulfuric acid at
121°C for 1 h.
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