A TR EE - 5522% » 1986 (Proc. of Environ, & Sani. Eng. Research, Vol.22, 1986)

1) Bz A+ F—%2FMHLUICEKLEY T A
BIOLOGICAL WASTEWATER TREATMENT SYSTEM USING
OF WIND ENERGY AS SOURCE OF POWER
nE-X" mARE s
Kazuo MATSUSHIGE*, Shingo TAI*, Kenjiro TSUCHII**

ABSTRACT;It is the purpose of this paper to develop the biological wastewater treatment
system using of the wind energy as a source of the power running the disk of rotating
biological contactor. The experimental equipments are composed of a wind-driven generator
plant ( 200 W of maximum electric power at 10 m/s of wind velocity ) with a propeller (
1.8 m of a revolution diameter ) and a experimental scale rotating biological contactor
that is operated by the electric power converted from wind energy. They are
established in the site of Kasumigaura Water Research Station of National Institute for
Environmental Studies on the lakeside of Lake Kasumigaura. The average wind velocity of
a year was 3.9 m/s. The average electric power of a year which was converted from the
wind energy was 0.54 kWh/day. The 0.4 m/day of wastewater is treated by the wastewater
treated by the wastewater treatment plant wusing the small scale treatment plant of
wastewater, at the mountainous or seaboard where the strong wind is blowing throughout
a year.
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Fig. 1, Schematic diagram of biological wastewater treatment system system using

of wind energy as source of power.
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Table 1, Specifications of wind-driven
generator plant.

governor flap

propeller type 2 blades
size diameter 1.8 m
material wood generator

revolutions (270 -~ 900 rpm

generator type direct current, 4 poles
max. current|l14 A

max. voltage|l5 V

type of brake governor system

range of wind velocity 3 - 10 m/s

relation between wind average wind velocity of
velocity and electric month -~ electric power
power from converted wind energy,

4.5 m/s - 20 kWh/m
5.3 m/s - 26 kWh/m
6.3 m/s - 30 kWh/m

relation between wind wind velocity - electric
velocity and electric current,
current 3mis - 0 A

10 m/s - 14 A

Table 2, Specifications of experimental Fig. 2, Wind-driven generator plant.

rotating biological contactor. Table 3, Average wind direction and wind

velocity of a month on the lake

specifications disk dia. 17 cm, 24 disks side of Lake Kasumigaura.
total area 1.089 m2 momentary max.|ave. wind | ave. wind
4 wind velocity [direction | velocity
motor alternating current 14 W ate of month | of month
consumption 1.25 kWh/m3 (m/s) (m/s)
of electric 1984, 5 16.6 NE 4.8
power
Tk 200 wl/ 6 12.0 NE 4.2
conditions of feed water e water min,
operation 0.288 m3/day 7 19.7 E 3.5
load per 0.264 m3/m2-day 8 9.8 E 2.8
unit desk 9 10.7 ENE 4.0
e 10 12.8 NE 4.5
11 14.2 NE 3.4
4 EBEP 12 12.8 NNE 3.2
. 1985, 1 11.2 NNE 3.1
41 & &
2 13.3 NNE 4.0
1984 5 A 5 19854 BT | ¥ 3 13.7 NNE 4.5
Mo, Er@siRicss 5100 BEHED 4 17.4 NE 4.6
BEBERSEAREE (m/ s) BLUA EIZi/;j average 19.7 NNE 3.9

B, AFEE (m/s) 2K - 3CRL7z. MiE - BEFAE 7 HERD, BH5H10m, HE» 55
TmOHIKEEL oo ZORM - BEdrSBOoNEAME, BBV TRAEE,SOFED, KHIC
BOTHILBEOHBE L AL TREL, HEAE-> TRIZIEILFOBRSEBEL T, FMEEL CHILILHE
DEPEBEL TS, —HEFER, 194F8 ARHEBLIEEZEL A ATFHESKIEC O REIEL, #EK
oo ton, BREASAEE, APEREE bIKMOALD b/hS, ZO8AEKRE, ALEAED
3m/ s EDY, —EMOLEHAFEIIRZ Im . s TH-Fro
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EtBo Cpid, 7aR5MT045, v R=U XBTO0I5THD,. BRMEKRMIZ 0593 THB, B, o
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Fig. 3, Relationship between wind velocity Fig. 4, Relationship between wind energy
and electric power converted from and electric power converted from
wind energy. wind energy.
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19844E10A 5 1985E 4 AS T Ty ABOBA T 2 v ¥ —, REES), DEMAREEEICST 2 HES
PDBEEDOEGHEER-SIKR L. £70, R—ARIREENICE » CHEMAKEHE L 7 ABIERE, &
UK REBNELMEEENETRLI. Table 4, Operation period and consumption of electric

ower on experimental rotating bio. contactor.
COMBEDHNET 7 BRT 412 — Por d il tire 2 i
KWhTHh A5, BHELTERD L ( min ) ( min ) (%) (Wh/month) | (Wh/month) | (Wh/10 min)
1984, 10 | 28,570 44,640 64.0 19,200 | 13,000 4.59
BEE 112kWh THO., RED 11 | 19,790 43,200 45.8 11,600 8,800 4.45
BB TH - fro 1o, BIHR 12 | 20,870 44,640 46.8 10,000 8,900 4.26
1985, 1 | 15,000 44,640 33.6 7,200 6,900 4.60
BICLZENTHRZEGZS €708 2 | 28,100 40,320 69.7 18,100 | 13,200 4.70
BRI, 7T ABITHI258HTHD, 3 | 37,050 44,640 83.0 23,500 | 19,200 5.19
4 | 30,340 43,200 70.2 22,800 | 14,500 4.78
T AM(2128) D9% ThH » fo total(ave.)179,720 | 305,280 (58.9) | 122,400 84,600 4.71)

A; operation period by electric power converted from wind energy,
B; operation period by commercial electric power,
C; electric power converted from wind emergy,

D; consumption of electric power converted from wind energy.

dissipated energy dissipated emergy

2.7 23.4
N INOM1L | —TGENERATOR}——CONVERTCR[— — OCAC RBC
1,030 M1.9 2.4 4.5 81.9 58.5

unit; kih

BATTERY

40.4

dissipated energy
27.8

Fig. 5, Energy balance in biological wastewater treatment system using of wind energy.
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AR OBHD - i FIH SNz DR FE
BE/IORBICBE LV, EEMAKD
EXBhiICHEHBE -7 — 2GRS 0, A

YNNI TOHEBERBIONEL, T
- JONEHEREFGHER L LT LI,
REEHO 75.3%% PR EREic FIH
THLENTREEL S,

—F, TR LF—-QEHBEMP LA D
&, M-5kBVTE85kWhOESNT.
- 40k I ICHERE 179,720 478K
L, BK3BIEEZMBL DI TH
L5, HUMBY/:DOHBENZ
1.62kWh/of &18%. % — 5 iCEIEM
WREICLSBHTRKLET S YDz
FF-HBAERL A (ARTK
Ege, 1985), FHEAL TR v -
BREALIE 0.32kWh of (RS &8
KRV 7RG OME) TH5H. RROD
BADT 2 ovF —FHEBAE T T KL
BOBAOKWLETHS. KR
Bl A EEED KB EH G 2641/
o+ min THY, HHTFKRKAEOEFE
DLFELUELETHS. UL, BAKLE
ORBHPNES BB ZRET 2L W 3¢ e
FoFBEMBARELLLDE. WEMDIC,
L T I R S S S i Sl
& B-s50ofTid, T ARITHA

Tx AEHE 84.6kWh Table 5, Consumption of electric power per unit flow of sewage
treated by rotating biological contactar ( JSWA, 1985 ).

Thorhs, TNITL-

THSB D FRKEMNET ge t design ge flov { design sewage flow | treated sewage flow | consumption of
R plast per unit area of electrac power
é' 5 z <l_._ R A3 7 4 H rotating disk per unit sewvage
° £flow
. ( m¥/aay ) ( L/m?-day ) ( m3/day ) ( kWh/m? )
i3 212HT 5 5 b) (53 :F‘ Hachijyo 28,000 138 20,100 0.314
HHiIc 1 H# 0.4 fDEE  Kovasan 4,000 62 3,795 0.248
N Cyuo 31,000 99 30,041 0.159
o .
KEERD, BiIF1H1 Yunashagawa 800 a0 500 0.660
ANGDBEKREQE S 5/ shin 1,150 32 848 0.156
. Miyaha .378
BOBHEEDBLICE T 830 * o 03
Average - 68 - 0.319

BHRB L LKKIEE, T
NEHETHLAMBDIVIREMAEBELTOFYHEIL DV T TH D, -3 LcLIH, BEZEME
BLTEHLTHD, BRCBNTLESR S L0, ERICEANRBEENEMAICHIc> TRy 7Y —
KEBLTERATIENEBOTEIARS L E bRBABIRLEZ v 27 7y 7b0ETH S,
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REIMHE L cBAEMPEBE L, R LA Table 6, Characteristics of sludge on

surface of

HBL G 2LHROEBIEKIRBVTHE LR rotating disk of experimental rotating

biological contactor.

BERT L. COBBOEsNBIH, K-

SS Vss TOD | VSS/SS
6 DEHITEMREYVRIIBGHENIC L 28 ( g/m? ) %)
HOBAD2 /5T VEEl T, LD, Z;{:E:Eion by 1st disk from input [ 11.8 3.8 1.3 31.0
1Ok CMEADKE . TS i ef‘egg;’j’ lst disk from output] 3.3 1.4 0.8 | 42.4
? " average 7.5 2.6 1.1 | 34.7
LBBELDBEL L -TWE, ZDTEH settled sludge in 7 [(27.1)(5.4) 3.&)|( - )
h (
5 BAREESOHTRALEET 5188 nonth Lg )
operation by 1st disk from input | 37.1 9.7 6.3 | 26.2
I EEEAREEE R AR ETH O, HEIR ?ii::;:izizi;’et 1st disk from output] 13.5 4.0 3.3 | 29.8
RETCHMNBEDHGKDIICE > T3 FaFI average 25.3 6.9 4.8} 27.3
. . . led slud in 7 |(39.8)(6.9 5.6 -
AR EDHBDE LU, monch (g0 " Y62 GO
Tds, R-BILLDLIL) WEERHL Taple 7, Qualities of lake water and effluent of
o CEEMAREEBEAEED 4 oy b exp:ritsental rotating biological
contactor.
TV EREERLTET#HOMKORILRER unit; mg/L
T 7. 19855E 3 A5 1985FE 6 HE T date influent effluent
TOD coD wind energy commercial
DERTHONILMEBEAKDS S, COD, TOD COD| TOD | cOD
TOD:ZDBRERDEHEAE - IR L 1985, 4, 5 10.5 4.5 7.0 4.21 7.0 3.5
ro % 550 0% 4, 9 12.5 | 4.8 10.5 4.8|10.0 | 4.6
e 9 T. S SRS0%HI& OkRK 4,15 | 15.5 | 5.4 12.0 | 4.5{10.0 | 4.3
FERLTVWEM, CODLTODDRER 4,23 | 15.0 | 5.5 13.5 | 4.8|11.0 | 4.6
BBBELTTHD, L KERKEDOCOD 4, 30 15.0 5.0 14.5 4.8 J12.0 4.0
BELALKRESOTVEL, CORBREIEX - TOHKRLERF Table 8, Conditions of operation
B TH D, ER B LHIK O E LB 5 W PO B 0 of vastevater treatment
pilot plant.
[‘,%f‘(: ‘ia’éi @ﬁ;ﬂ"f‘@b‘iﬁ?%éo conditions
6 351’)0 (bl pllot plant of operation
rotating biological contactor
BARBENICL5HEAKMLE Y X 7 L 00 fetE % EBR A DN influent flow 5 m3/day
REEMREEEEAC TR L, REE) EAMHGHES  lov per wmit area of disk | 100 L/n®day
e e ttling ti .
FAATURSENE, RESEMTYAm/ s COEDFT__ e o 24
B BAREEIOS T, BALMEEOLE T 3w — g "HNE Her it poneyeoms |
SDEDIEZ B EDBRBEN, LEL, ﬁ'%ﬂﬁﬁmﬁﬁé L flow per unit area of disk 100 L/m?-day
< Ijﬁﬁ S EA. settling time 2.4 hr
3 ) ¥ E?EJ Table 9, SS, COD and TOD of lake water and etfluent on wastewater
TEMEMMEIT treatment pilot plant.
Khiciz - T3 unit; mg/L
5 . pilot plant SS CoD TOD
W EEERT concentration removal | concentration lremoval | concentration [removal
SE 5 E infl. |effl.| ( 2z ) | infl. |effl.| ( %) |[infl. | effl.| ( %)
° rotating biological
contactor|
total 13.7 8.2 40.1 6.0 5.3| 11l.7 11.1 9.2 17.1
soluble - - - 4.2 4.1 2.4 9.2 8.1 12.0
subaqueous filter
total 13.7 4.6 66.4 6.0 4.7 21.7 11.1 8.4 24.3
soluble - ! - - 4.2 4.0 4.8 9.2 6.8 26.1
(51 @)
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