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Chapter 1 : Introduction

¥

@ Evaluation of energy balance on livestock
manure treatment and utilization system from
life cycle approach

@ Evaluation of environmental impacts on
livestock manure treatment and utilization system
by LCA method

Chapter 2 @

Evaluation of a farm scale biogas plant from the
energetic point of view

Chapter 4 @

Comparison of the environmental impact in the
swine manure treatment system by LCA method

Chapter 3 :

The effective distance of the compost application
for chemical fertilizer substitute from the
energetic point of view

Chapter S ¢

Environmental impact of manure spreading
technique in manure management system by
LCA method: comparison with composting and
biogas plant systems

L4

Chapter 6 : Discussion
(1) A case study applying LCA to improve regional livestock manure management system (Yamada town)

(2) Application of life cycle approach to reduce environmental impact

on livestock manure management system

Fig. 1-1

The framework of this study
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W) R CIE, Wk BBt RN & & b Iz ki
o THE S B BREAM TN 5 & FH 2 b
b, £ 2T, HENLO MR T O AN & Gl 5 72
DIz, HEMLICMEL, s, HdnfEEIcRAS AL
AT ANK— EHERLOERHIE L 7 4 74 4 7 Vi
ISR L 720 HRiS, HEEDALEAIERE & oAU & 4
AWRIEL - I D= AN X — W FRIEDIRIE & L
T, b= A VX —BA G & PR L 72,

(2) LCA TH:IC & 2 BRILHE OIS

LCA THEIC & 2 BRBGHEOFHEi R4 Tl Mise
i, WH (7>r=>7) ZFHE#EHE LT, HAK
IR B BB AU & MR BT B B IS R
% BB 2 AR L, ALEL Ao HCA Bt
MOBRBOR R Z LR L 72,

1) LCA Fic & 2 IBF K3 A FRALH i 3% 0 BR
s B T

I ARIVEREAIZ 1%, HERELALEE, WAEAbALEE,
FALILEL, X 5 FERHLER 7 & DR T AU et
Hob, 25D R £ ) B ARk
B ORI IET 7201, BHRIARZ ML
BN & L 7 SRR O € T VR MERCL C, B
DB AR B X OTE AR GLBRERE) 12w T
LCA % H\vCiHii 217 - 72,

2) LCA FikIC & 2 K& & A RBA R BI%
RO

SAGRAEL - RIS 2T AT, MBELERRE S T
70 K FHEPRE COBIRAMN L 8GE L T LD H
5, FRC 27 ) —IRDSLAIREM OB TIE, NH;
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LNTW3, 22T, SHARME - FIHE LT
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FALHTRDETIVEERL T LCA 2 HW7zFE
fili % 4T - 72, iz, HEALSLME, LB H X
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1.3 ER3CHEA

AT T SR E NS (Fig. 1-1). # 1%
T, AR ZIRYMHLIc Wiz 2R Bk
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A PRI 3% D BREE RS B ) 8 & OF TLCA Tk
& B K& 3 AREU T RO BREGZERHE, 1I2DWT
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—HNTENDNEE L OARIFIE D LARN 7 R & 258
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ALMEE 2 b & L CEA, EERINTWE, 4%
OSSR RIS, ALELEFRIC B W TR A D X ¥
> (LIF, CH) P SET 22 &5, LRk
B LT A=202k 5 22X —EEr s
NTWb, F72, X7 FERIC L 53 AR
1%, FORMEE L CUELERE I B Vv TRADMIBI
Titsd 2 &7 <, B D SLAR (LUF, MHA6iR)
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WBZENTELRY, MEBADREFEN D\
Mk eFEZoNTnwd, TNLDZ b, A5
SRR 1L, BT AN X —4pEB & N3 A JRALER
D TERBBND D7 W W ASRIFL S 2T L DR
ICHGTE B LT3 (R [12]),

A Z U REERIERIE, AT T2 Y RMEDAT
DIBMEED 5, HEEACMER 7 &2 T A SR
B TR AR O v EHERITE B, L
2L, REZANX—DEREICOWTIE, A F 25
BEME R CHEPE S 1L72 T R L X =2 AT A3 &
o T B0DEERINHNT 2 LE 2 H 5,
ZAE, MREES[19] R RE[2] KRBT ES 2T
L, JANIFEES AT 22 B VR, BEB L OF
BICRAINLIZ AN LEEENL LT L)L
X—iHili # 47\, FOZ R INF—EREMEIC OV TR
FLTwa,

A YU RBERERRICOWT Y, MEEkDEAL & ONE
MCIZEMAERE, BBEE, MgsERicfba v
X—2WEEINTEY, Zucty) BmEE AR P
ENTWE, Liedr->7T, REZF LT —EENE
BFEICT 22 213, ZANAXT—IZDE»r L 25>
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ThhEFHEZLND,

T, RETIH, *5UEERZORBET L
X —DEpEEIC OV, HigkoREE L OE R &
DI2TATHA 7N RS SEHi AT . 2
LDFERD 5, A F HEERHRORBEZ A LX—E
FEMEEZA L2 L, ZDBSLEIC DWW THFLEL 2,

2.2 H&E

2.2.1 FHEiNSH & L7z 2 5> FeRela
AL, B RS- BRI 2000 41 Bl S 7z
A Z WG GBFR - NA T T 2T T ) &R
K& LT, BBTPRKYANA AT AT 72 b OE
X % Fig.2-112, T % Table2-1 1277 L
720 BEEAEREIKEENA A A AT T > DOEERRIL,
JFRbZ AR, 8BS > 7 - Ry 7%, AR
F—5%, FE - KA T7—FB L OERSE, HHHH
BEhbhoTwb, 72, WHEEHN A Z ) —
T 7RI N T W B,

PR & T B B R RF A A 27T >~ b
DIEIEGAL, FEt L@ ERE D 40 (Table 2-2)
ST B E L7, Thbb, 1HHH DEEHEA

? anaerobic digester

7
c T4 A |
B Laarvwi1 manure from

A : mixing chamber

B : digester and pump room

C : gas holder

D : co-generation and boiler
@ Flow of manure E : office and operation room
=== Flow of biogas F : slurry store

Fig. 2-1 Schematic of Rakuno Gakuen Biogas Plant.

it

i

Table 2-1 Major equipments at Rakuno Gakuen

Biogas Plant.

Major equipments

Raw manure mixing pit 30 m?
Food waste mixing container
Waste oil mixing container
Odor removal chamber

Mixing chamber

Anaerobic digester 250 m?
Raw manure input pump
Digested slurry output pump

Digester and pump room

Gas holder Gas holder 15 m?®

Desulfurizer

Gas generator 30 kW

Dual fuel generator 30 kW
Boiler 20 kW

Hot water storage tank
Cooling equipment

Co-generation and boiler

Operator control panel
Manual control panel

Office and operation

Slurry store Slurry store 2,100 m®

13 10 m®, FEEHRIEIZ 35-37°C, JEURMo FEEERE NI
BUSMHEHEIZ 25 HE & Lz, F72, XA AT
FhEBIZCOWTIE, A AT AT T oJutkET
»HoHTre—rofgERys (BEHT3]) b, KA
JRIm2 40 20 m® &ARGE L 72, 34 7 ZAFAIL,

ALY UREHRERWBREMHRE L 72,

Table 2-3 I2 7 AL > ¥ U IEEEDFELFEL L
R TR A pERN R 2 IR L 72,

2.2.2 I ANX—HYFHM G

A Y UFER R T ALK — L W) THEZ B
LE, ZZICEAINAZ AT —ICIE, X5
WD EZNTH 55 & L T ARDEREDH L
DIANFX— &, HiFEOEE HEiIcBEL T,
> FERLEL 2 e & (AT B 72> DRI EA
E L CoMEABEIHHERD Z AL X — 12 KB E B,

Table 2-2 Setting values of normal operation at Rakuno Gakuen Biogas Plant.

Setting items

Values

Remarks

Input material

Scale 10 m?/day
Digester temperature 35~37C
Retaining period 25 days
Biogas yield 20 m®*/m?
Methane content 609%
methane 36 MJ/m?

dairy raw manure?

Water content 9092
mesophilic

per 1 m® raw manure

1) It was set the amount of manure per cow at the cow weight 600-700 kg, annual lactation

performance 7,600 kg.

2) It added water for moisture adjusting of input manure.



FTATHA I NEFIZ L D FKERXARLIL - FIH > 2T 20 BEGEEHl 27

Bz, 2 F R L > THEET 5354 1723,
SARPDOEED L O ANX—TH B, L2 L,
SR OFHMiCHCY ) AT ANV X—1F, MiFEER
BT RN X IO LRI 5 2 & 2 H
& Lizized, A X T2 ERICBT bESE L
TRARDPL DI AN X =TI 7% {, Miskidsk,
BBIURA Ty AR LA AL X — %X
REL7,

A YRR HER S NS A LX —(F, N
AT AE L THEINTZZ AN —FEARLRIC
2L, FHD R AN =2 L, £
72, AL FEBALEUZ, JEUR S AR T O NS A
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&2ty Y H 2 (J.B. Holm-Nielsen ef al
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Table 2-3 Efficiency of co-generation.

Items Values
Generating efficiency(A) 25%

summer 30%
Heat efficiency(B) winter 15%

summer 559
Energy utilization efficiency(A+B) winter 40%

Table 2-4 Nitrogen, phosphate and potassium con-

tents at raw manure?. [%]
N P,0s K,O
Raw feces?” 2.19 1.78 1.76
Urine® 0.81 0.043 1.18

1) These values was set from Chikusankankyoudaijiten (1995).
2) dry matter 9
3) raw matter %

REHECTH A TF > ZAZANT—IF, A¥TF>
ZAZBET 5 B BRI B L T nw T &
b, EEI ALK —EEEIMA TR ILX— LK
EL 7z,

A Y UHBRHE TOER T AV —F, FELE
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PR BEZ AN —DOWNRERL 72, WIHPRET L
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¥—n9J b, FEOBBIZEL 72/bh = L ¥ —
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VX —DENEDY, RRD S ARG & LTI
PR BHBURE R CRE o 2 2 213, BERAEE
KEESA T AT T > b B E AR TH D,
FEEREE R BB L 72 20— 203 20 & A3
MENTWBETDTHD EHFEZ LTz,
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Table 2-5 Initial input energy (energy for construc-
tion) at Rakuno Gakuen Biogas Plant.

Input energy[GJ] Ratio[%]

Office and operation room 5,410 69
Biogas plant 2,070 27
Slurry store 308 4

total 7,788 100

rrrrrr

B Others

ElMiscellaneous works

DOFoundation work

@ Temporary work
DO Skeleton work

Energy input ratio [%]

2 W Anaerobin digester

OSlurry store

D Office and Operation room
I

)|

Energy input ratio for construction Energy input ratio for construction at office and

operation room

Fig. 2-2 Energy input ratio of construction work at
Rakuno Gakuen Biogas Plant.
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Fig. 2-3 Change of energy input output characteris-
tics with time at Rakuno Gakuen Biogas
Plant.
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IANFE—PBAZI N T (Fig. 2-2). L7zd-
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anaerobic digester

: slurry store ¢

gas holder operation / co-generation

<= Flow of manure

===+ Flow of biogas

Fig. 2-4 Schematic of Biogas Plant on farm.

Table 2-6 Major equipments at Biogas Plant on

farm.
Major equipments
Existing pit Raw manure mixing pit 30 m®
Digester Anaerobic digester 250 m*
Gas holder Gas bag

Desulfurizer

Operation and cogeneration Gas generator 30 kW
Hot water storage tank
Raw manure input pump
Digested slurry output pump
Operator control panel
Manual control panel

Slurry store Slurry store 2,100 m?
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Table 2-7 Initial input energy (energy for construc-
tion) at Biogas Plant on farm.

Input energy[GJ] Ratio[%]

Office and operation room 308 12
Biogas plant 1,918 76
Slurry store 308 12

total 2,534 100
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Fig. 2-5 Change of energy input output characteris-
tics with time at Biogas Plant on farm.
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Fig. 3-1 Schematic of effective distance from energy

input output.
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3.3 ®ETEM
3.3.1 HEZERIC BT 5 HIEFH cofba = &
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16 = 2 X0 AR TR O METHEE & L
T, FHPA T2 BERICBIT2#AMAHT XL
¥ —BlA[76] % 3F12, BER TCHHEEIbL
B FIAEED R T MMEEAT - 72, F 72, FHiliZEdE
1%, 1TAEMDNARLE - FIAEEEFE L, HR
A TOYLR UVEEIC & 2L C, HEAD 2 2 i
IZFEICY 5 —BOIEE TOfbA = 2 L X —[FRh=
JCEERE 2 MR L 72,

F 72, BESEHICIE, HEIEALMER R - G T
FINFX— () B & bR LS OB H T L
X¥— (1) 13, FHENRE LAV —THAL L%
Wiz, 2, HEIEILALELiGER B & OB s
MR, DR O = R )L X I BRI BAR T A s
TRLTWEZ EDHHTH B,

(1) Hik
BT, PEFLAE 100 3, B 20 BEE A2 L C
W EREL, 1TEMTHERI N LAKE 2,168t

Table 3-1 Amount of annual manure output at the

dairy farm.
Feces Urine Total Moisture
[Mg/year] [Mg/year] [Mg/vear]  [%]
Milking cow" 1,017 305 1,322 86
Milking cow? 488 190 678 84
Calves (350 kg) 117 51 168 78
Total 1,622 546 2,168 88

1) The milking cow which has lactational performance as 10,000
kg per year.

2) The milking cow which has lactational performance as 7,600
kg per year.

&g L7z (Table 3-1) . B&h 6 HEEEHEA~D 3 AR
WA, HEEDULR L, s~ ORI B 5
FEROBRBIWN R EIE, 1HFEMT3,2000 L7
(Table 3-2), %7z, HEMA Tt Table 3-2 127" L 72
FAETHENAL DT DB EARSE L, HENLAEPE R I3 HE
AL R R~ = 2 7L [70] 22 S L 72, HEEO
EEE A R=I1T, MR, FHEIC LS4
777 RN HENE O R s o oA (8835 1.9%,
)2 2.3%, 71 2.6%)[86] &Il TR,

HeME DA B L ORI, TABIRN==27
27V RV D EELR, TABIR==2T
27V S TOVEER, + T 72 (95PS) o, E
M2 CHirs, BAESEEATH SAEL, EshliE
B D MANY B3 2 BB~ BT =D &, HAEED
MBS B & 2R, F2, S1EET, dbiEETAR
PR ERABY Cirb i Bk R [14] 2%,
Table 3-3 IZ/R L 2 5T Tirbit s EEL, #
By HEEHFHICIE, Safly[56] iz w7z,

s (FEK) FEOBEBI~ o AT R | HENEAESY
P,=(S:/367) [(M X C,) + ((Ms+M,) XCs) ]
BT R ORI~ B fif &=
P, = (S/367) [(M;XC,) + ((Ms+M,/2) XCy) ] +PTOP,

Table 3-2 Consumption of diesel fuel at the farmstead composting system.

Process Machinery  Diesel oil comsumption?

Condition of composting®

Collecting Loader 1,440 L

Turning of composting

Turning frequency:>1 time per month
Composting period: 150-180 days

. Power shovell 1,680 L Bulking agent: sawdust
mixture .
Dry matter decomposition rate: 309 (manure)
Dry matter decomposition rate: 99 (sawdust)
Loading Power shovell 140 L
Total 3,260 L

1) Ueda (1995)
2) It was set from Taihikashisetusekkei manual (2000).
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Table 3-3 Setting values of composted manure transportation and application.
Machinery Items Condition
Tractor?? Weight 3,514 kg
Power 69.9 kW (95PS)
Fuel consumption (rated power) 262.0 g/kW-h
Mnure spreader? Weight 2,254 kg
Link type tractive
Volume 3.9m?
Working condition Weight of loading compost? 5,500 kg
Transport speed (go and return)? 3.0 km/h
Rolling resistance coefficient (transport)® 0.07 (hard and dry field)
Application (spreading) speed? 2.0 km/h

Rolling resistance coefficient (application)®
Required PTO power (application)?

0.1 (grass land after harvesting)
14.7 kW (20 PS)

1) It was the data from the National Agriculture and Food Research Organization.

2) It was the data from the Konsen nougyou shikenjyo Hokkaido (1985).

3) Tnanka (1994)

ik (EIE%) FROMBI~ o Afifm | Z2HikE
P.=(S¢/367) [ (M XC,) + (M X Cs) ]
P, L FABIEHN (kW]
S, i [km/h]
M, : b} 77 %&E=R [kg]
C. ' FT 75D XD HHURE
M =27 27V vy ZFOER [kgl
M, © Bl L 2o BER [ke]
Cs [ ==aT ATV v FDIAXDlRh )i
IR
367 . HifriR B R
PTOP, : #AilEod PTO il & /1 [kW]

HENE O o R ORI L, HEIE O IR
Jer e AR (4855 30%, V) ~ 1 60%, 7Y 90%)
#EEL, fbyiekis (R oL 2, L
AR ER, SRR T =T, ) VB
3 CEEAIK, ) AEmE L, EEEG
3 AR R DN ERAE (REBHR) 25
iz L7z,

bRt DR I3~ 7 v 7 2E L 72, 1k
SR O BATVEZER, Table 3-4 12 /R § R 400 L
DT7a—FX o 25 EHD EEEL 2, LRI
B OB T i, SEER T A e ol
EE & Y R (AT [48]) b8 L 72, F 7o,
FEEPLBETOL T 7 IBEHFEO MBI E R
1%, HEMEERS & WIEEIC Safly[56] O ih 53Rz,
2L, T IIOBEBROANRIZN T 7 I DH
HEnAxREL 7z,

Y, HEE % emEci T AMiED D b LIE

Table 3-4 Condition of application (spreading) of

chemical fertilizer.

Items Condition
Vlume 400 L

Wide 5.00 m
Speed 5.50 km/h
Theoretical field capacity 2.75ha/h
Field efficiency 559%
Capacity 1.51ha/h
Fuel consumption rate 55L/h

1) Okamura (1991)

Table 3-5 Energy input of materials.

Energy inputs

Diesel oil? 38.5M]J/L
Electricity? 9.4 MJ/kWh
Chemical fertilize? N 61.6 MJ/kg

P,Os 12.6 MJ/kg
K,O 6.7 MJ/kg
Transportation (road)? 3.0 MJ/(Mg * km)

1) Shigenkyoukai (1994)
2) Okubo (1991)

L, FHb- SR B 3453 A R OSEHE 3.5
t/10 al47] ZFHL THEL 72,

PAELER O 32 L X —FREAL B X OB IER o 4
BEX AL X — AL 2 Table 3-5 1278 L 72,

(2) *#R

HENUA COHENAEE RS 2,268 t, HEALFH IC L3R
7 R 64.8 ha Th > 72, HEME DL AORF
fili = A )L X —13 475 G] & 7 - 72 (Table 3-6) . % 72,
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Table 3-6 Amount of N, P and K at the compost and
energy input of chemical fertilizer equiva-
lence for compost.

Amount of chemi- Energy input of
Items Contents? cal fertilizer equiv- chemical fertilizer

alence equivalence
N 40t 19.4 Mg? 245 G]J
P,0; 9.6t 34.3 Mg® 121 GJ
K,0 16.3 t 32.6 Mg? 109 GJ
Total 299t 86.3 Mg 475 GJ

1) Contents of N, P, K which considered substitution rate for
chemical fertilizer.

2) It was converted to sulphate of ammonia at N content equiva-
lence. (N content: 20.5%)

3) It was converted to superphosphate of lime at P content
equivalence. (P,Os content: 289%)

4) It was converted to chloride of potash at K content equiva-
lence. (K content: 50%)
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[ Application (spreading)

O Loading

[ Turning of composting mixture
1 Collecting
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3
|

w
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t=3
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Energy input [GJ]

=)
S

13333

55555

¥

Energy input for chemical fertilizer

Energy input at each process production of equivalence N, P and K at

Fig. 3-2 Energy input at the farmstead composting

system and energy input of chemical ferti-
lizer equivalence for compost.
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Fig.3-3 Comparison of energy input with compost
application and chemical fertilizer applica-
tion.
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1) The energy input a the case of 1/2 heavy ol reduction from based case.

Fig. 3-4 Energy input at the centralized composting
system and energy input of chemical ferti-
lizer equivalence for compost.
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PREMEDFHMITERE & 7 b = 2 )V X — a3 T
PR R L 72,

ETES & LT, BB R RO MR GALEL - FH
AT LIZOWTRAEZ T, HEE L THE I N
IANE —RHE L AIERFEf = A VX — 2 & %
HBHL7, 25D ANX IS5, HEED R
MR IGH A = 2 VX — RIS ERBIR A HIIC e b 728
DERIEED R R AR L7z, F72, EFEHEICALE 3%
PR L 2284 Tl3, IR THEE SN R
WX =R LR EM = AL X — L) b RE
e BAERE D, ML o B THEN o ITA
il D = A )X —W L GRMED RIS Z EDIRE
Nz, INHOBEHICE - T, M 2T AI2L S
IANF—NEDBENZRTZEHTE, HHB &
O BT 3 AR L X — W8 O RIE w2 Te
TE2Z L, b A X — ARG SF
fARIE & L CORMME LR TELEHEZ bLb,

F4E LCAFEICLIETRIARLRIERED

R R EEHE

4.1 BHY

BRIRAMT DD e W WA R - FIH S 2T 2% %
2 BEEE, B L W iER 0 A SR I 7 AUETL i %
AT EDHEZ LD, DL LfEPIEICo
WL A BREAM 2 5 SR S TICHRAIICER
BRI 2 RT 5 2 L EETH B, H2ETIL,
R 2 2 > FERER R DEA B L OB O = %
WX —INT 2 HEFZTL, BAZINIALEBEIEED
PNX = DRI et S ERBAN & e b \wiz
DI GRS BETH B Z &R
fzo T272L, BRMAMPHIEROMGRICIE, 3HAMIC
HR L 728mB Ly AT DRI - T &
DAL R R D BRET BT 2 AT FE T 5 14
b b,

WAL, 85 e & O BREE AT BR BT ) AT
FEE LT, NREGTOEFEORI, Hikr 51
H, BFEICELZTTDOIA 74 7 NEekE2iEz 2
FATHAINT A2 A (LT, LCA) »9EH
ST 5, BREEHD S HEEE S 2T L DUGEES
DRI T D IREEMERE 2 R T 5 7o H O FFli T ik
ELTHAIN T B, BREEAM D70\ 5 A RAL
H - FIHS AT L2 %2H2 5121, 3ARELHIE D
FHMz & L C LCA %M L Chfisk »ERBE B R
PR L CTBCBEGH L EHZ LD,

Z ZTARETIE, SHARWERER I L T LCA
P L, MG S ORESSE RS R W S
29522 HNE LT, REML A ROHER

DEFNEMEKL T4 7H A 74 = k) (B
T, LCI :life cycle inventory) T & BRISFSELGE
fili 2 47 - 72,

4.2 Hi&

4.2.1 LCA Fofge:

LCA 1%, EEHMEIL (ISO 14040) S TH Y, Fig.
4-1 D& ) I B R OFAERPH O BE ), T4 >~
b, TR B LU TR, v
9 4 DDBFH TR S LT 5 [84],

CHW R OSFRA R 0 3 13, NS 2 PE L,
kD HAE R0 i 2 Wik L, &G0 7
A7 A4 I NCBEHET 5 &2 F TCOTREZFHET S
DOEREDLEETH B, £z, FRICHIELLEE
AMEHE SR, LT 2 BESHRNE & %
DR ED B, "4 >~ P o, #Ak
NI B 5 BRSLEH, PEHWE O AT % w
MICILET 2EBETH Y, ZDROHDFRERNRD T
Tb, T—ZUNEE & EE L AR EPIC BT &
W ECH b RO S E 24T . DRERHE, (1,
T o~y P )G TEREE LBk 2, &
DB L CEDREOME L MITTh 2 E
LT 2EMTH B, TR X, FENRT
DERBHOBELREHZREL, ZOBREWL IS
L7zY), sz L2 d BB Ths, 22
TlE, BE L7 B JAEHPH & A2 L 5> T
2Ry ) TR B i & #5372 F1 RO EEBE AT
bild,

(" Life cycle assessment framework )

D ———

Goal and scope b d Direct applications:

definition -

=Product development
1 T and improvement

= Strategic planni
rategic planning
—

t

Inventory analysis Interpretation

*Public policy making

1 t *Marketing

—_
+Oth
Impact assessment er

o J

Fig. 4-1 Phase of an LCA
(from International Standard, 1SO14040)
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4.2.2 FRAEXNR, EREHALB L U AT 25RO
T
(1) FAEAR

FEDLASRMIRERIL, R E L 2%k -
THIHE N Mgk DRESHIZ 7 555, B L ZHEEAL
SUERC U IEAVALER, A LALER 70 & D — I TH B,
Z 2T, — M 3 A RS O B 2 1T 2
ED b, BEZ GRS FH SN K (BFEK)
DSAAIRE WIS G & LTz, IRERD X AR,
JRHNC & 2 BEHARE[86] 2 2 F 1 PRibE, @EREH
BEBIUEBMEREEEREL,

PTG & U 72 3 A RAEERG S, S LALER bt
e L GERARHEMN S (DUF, HERE), 7 2R
AFfGEEE (LUT, N7 2), BB HE AR A LA fit 5% (DL
T, B B X OEBHERHEI bR (DUT, %
PATY) o 4 HGEik s L7z, IRABRFERE, Wi bans
Mgk (LT, #iefb) & ifbuBisizt s L A7
7' — > F R Al AT ARG (LUF, b
|45, HEE RGO LELRERE (DUT, ki)
BIUAxo 7= 3 7y FEoRGRIEETHTE
PR (LUF, b OD) o 3 Mgk M5 & L7z,
F 72, SARMEEGRE & L TiE, £ 2 iR (DL
T, AF 5B ERFE L7,

F72, JASRMELY 2T 20k L Cltidk iR 2475
oz, HEEA LR L, N7 2 &b, A
T 54l OD DR DMLA L b2 T L 72,

(2) PGP & AR AL O B

AL, DT A4 794 7 NV EHEEROEA
Bbl & TR & L, SERERRE Tl MEEkic 3. A RS
AN T LB EINE T L2 (Fig 4-2),
T, EHEME TR NLEHKRE, Zofio

Stage of { Shed or Store diesel oil
Construction of h
Construction Equipments Production of < electricity L, tocac
and Prod processes
chemicals
Stage of
Manure
Treatment
[commsien]
m———
Feces
Manure
Urine =T
| Aericultural
land
{007 Stage
] Proce: System boundary

—— Material flow

Fig. 4-2 Schematic of process flow and system
boundary.

it

i

KFELEAZBIL T, BLUEBME ORI AN & L TF
L7,

F7, XY UFREETIE, BRANA T T AN AL
Y VEBHETORMIC L > TR EBHEES R
5, ZbDH L, BHIZEREEBENO—EE (M
T EINLE 2 »REBN 2B TE 3
EH 2T, SMEN SO BRI 5 REE
TRBAME LTI, F/z, EEI NSO
W H FERRIC, dpESEo—IR0 (iR Tl s
N7eBEZRL) 25, BJRE L TOWE S nabak
BefBETcEs, LrL, 27 HEEEOFHE
BIFAE T, o+ fRE» -7z (s
[17]) &b, HJE L 28D B S (3
AP & L 72,

SRl Fe e & B ARAEHATIE TS G D AR
WAL R ) S L7z, i, BAKRMBOIREA
WY, HiRGEAE D S RAME I L5k (RIE
D 10%) %Ko, Z O & B A g R ALY
5 BN AL 51T B EM OB AP A T
& %, % DO BRE A ST & AE R = TR L C,
TR A BRI 351 2, WSS G4 o) 45 HLAT ALEE
H/H7) DR AN RS L CERL 2, EHEM O
BREGEAMTIE, 1ARMICIYE S5 IR SAEEM 7
EOWPEIE, Ziuctio THER S N ER,
MR REAMBEZEEL, s 2 FHAR R TH
L CALER Gy o 4F- T AT LB 1 & 72 V) D BRI fi T
w7,

(3) PG L L 2 BRI A & BRBERAE
EXR & T L BIBAMEIL, 3HARICHRT
DIRBTAMNT & ARG OB A, ALELEB X UNHK
i TOWEEMICHRT 2REAM 2 0ET 5726
iz, ZEfbRFE LT, CO,), #2 > (LIF, CH,),
HEgfheEsE (LUT, N,0), @3 (LIT, NOy),
g b (LLF, SOy), EWpimsEssks (DL
T, BOD), @&% (LI'F, T-N) 8l uv4) > (U
T, T-P) &L7, 72721, 3ARHED CO, 13,
RELL M7 ER 208N, CHEYHEEKD CO,
THY), #—R>=2—FTNDFEZTH LEREH
MHCRFEL b o 72, 72, BRESSZEGHE Ci%, LCI
ST CEEALS BRI AMME IS LT, HEkiR
BEfb, EeMAb, =L BSEEIC N T 5 5L
i 2 4T 5 72, KRB MY 2 BRI LR SIS 1T,
HERIEEALIC D W T GWPy,, (GhERIEEEfL R T >
> URE O 100 444H) fR%[20] 2 FH L, B
b & BHAEATIROHES [22] O H AR E S 5
BT O HEREE A 72 (Table 4-1),



FAT7HA 7 NVEFIC & D RESARIEBL - FIH > 2T 2D B8R il 39

Table 4-1 Impact factors for environmental impact
assessment.

Global Warming Acidification Eutrophication

(GWP1q0) (DAP) (EPMC)
[kg-CO,eq] [kg-SO,eq] [kg-PO,eq]
CO, 1 — —
CH, 23 - —
N,O 296 — —
NOx - 0.72 -
SO - 1.00 —
NH, - 5.99 —
T-N — — 0.26
T-P — — 3.06
CODY — — 0.0015

1) BOD factor was used instead of COD factor at eutrophica-
tion.

4.2.3 42X} ) T—F DI
W T — 2 1F, HMhakakasH i< i of 5, B
L 72B Akt m o B S o K 2 ZFIC Lz,
Lfﬁof T =IO —BMIIHRTE Lo 72
, ARFENY 7 3 A TRAERHEE: 2 BRI HE & 2 TER
Eé@%?ﬁ?ﬁ@‘é BT ORI E M TE % &
%2 72 (Table4-2),
HiEkDE AR OBREE AR L, FEESIC L BpEZE
PRI L B BREEAMEEALT—5 7 7 (LI,
3 EID) [42] D J5E BT % F v 72, SET BEBS i L 72
RS R, BLEEM OB, M e RE A
e, BALE S [74], LCA V7 b7 = 7 (JEMALI-
LCApro, 2005 PEEREEHHS) HT—F~N—
2, BPEBRBIRN BN RET ZE B 4 e & o SR
[(72] % iz, F72, SARERERCHEE S 415 4
ASRHKD CH,, N,O 7 HiIE, BRBE2[26]<0dk
WREBHFE L AWEZeT [15] D02 FI L 720 3 A JRAL
2P NH, $E (Bl JRHEALIE, HTH S [33],
BARL4] BLXOARE29] o#EssHicLC, H
NEAALEL, BB D Z L F Rz DWW TRE L 72,
F 72, EREINHEEOHNE, Wb EEND
EH (LT, N3, JARPOEHEED S TR
TN,OSNH, L THELZNEEZAELTIWE
LRI o N Boaqte Lz, ) >~ (MU,
P) 8L ) wa (LT, K) &3, AR
PEG IR EEL T, S AR R
DESHE» LEML 72,

(1) HEREALALEL G D R E
HENEALALEE it 3% D i %% %€ % Table 4-3 12789,

1) HelEs
HEML G > 7 — 5 1%, M 1,650 LIS Hs R

G (A%[86]) 2 HINEEL 72, Hidkinkid, &
AR, FERERE, BrsSifl & L, FEREERIIC Bk S
AR L 72, HEEALALER (T, & 7 XCRarFREL,
Yane—FTURL 279 & Lz, HEEB L
Uy g~ vu—F 0B ABRHIZ, WHSORERHET
bl OUR[86]) #ZHFicikwE L7z, BENDZEA
HiAfilZ 25,000 H/m? 2 7z, F72, @53EE DN
ﬁifﬂﬁ 1%, EECT ) > 795 10,000 F/m?, B4

P itk % 25,000 FH/0.75 kWh & L TRtk s
DEHE KD,

Ya~ve— FoBEHE RIE, WHFOHERL
EHOUKB6]) 2 5B/ L 72, BN ERIE, T—
ZEMEE 0.7 & L TR & EERRE D 53K
72,

2) N7 AR R

N AL, HEIEE L EIBIEIT (A% (86]) HFH
W2 SFIciE Lz, M, BA, HEE
A (1 KAEL) Loy 20 (2 RALER) o ONH ) &
L7z N7 ATORMEEL, HHES 0.2 m O
FETHIPFEED 1 H 4 BATH & L7z, KRFREMIZ
RUMEIEZFIH L, ELEHE TR L HEIE 4
BHEEL L WE L, 72, HERAREICI3EAsE
BEEAMAEL 72 N7 ZOHBPEEIL, ETE—SD
0.75 kW, Bt —25°3.7TkW & L7z, HEBEE LW
Ya~o—5, IEEOBARZ, 1) HEEED
Hiffiz 72, N7 208 AT L, FHE86] DFLA
FH OB ESHFHIC L7, ¥ a~va—FDORERY
Bwld, HEEE O BMEHE B & 2 SEREE TR T4 L,
SV 2 R L TR L 2, BRI, €—
ZEMEE 0.7 & L THEERMIRE & IR 53K
72,

3)  BRBURYHE A b AR R

BRI L, NS & BB TA % [86], HEMEALHE
ﬂmﬁ7f17wﬁﬂ%%%k SE L7z, Bt AR
I, RAM, B (1 KAL), HEMEA (2 KALER)
&U%ﬁftb&%ﬂﬁ%ﬁiﬁﬁ7ﬁ%ﬂ%u
BB T B ESE T HER S 1.0m o BL ¥ 1E T
v— ) REEHEEEH ] H 1 B OBEPEELRIT) &
L7z, F72, HEMEARIMIC ILERIEE 23 L 72,
BARCR O R FS A 1%, AL L > TR
2k, IR X EATHO 1 KEFA 5
K7z, WY=L, BHEKT 4,200-14,700 SEHBLD
Migk (7 Higx) iR (ORX) & it (QRX)
AT THERC L 72,
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Table 4-2  The environmental loads coefficients.
Items Stage/Process Output coefficient Unit
CO, Non-residential construction (non-wooden) construction(shed) 3.02 t/million-yen
Agricultural machinery construction (equipments) 3.74 t/million-yen
Metal containers, fabricated plate and sheet metal construction (biogas plant) 491 t/million-yen
Pumps and compressors construction (biogas plant) 4.13 t/million-yen
Generators construction (biogas plant) 3.75 t/million-yen
electricity generation 0.43 kg/kWh
diesel oil refinery 0.0967 kg/L
combustion 2.64 kg/L
flocculant production 6.53 kg/kg
antisptic production 0.32 kg/kg
CH, electricity generation 0.00001 kg/kWh
diesel oil refinery 0.000013 kg/L
feces compost with aeration 0.00025 kgCH,/kg-organic matter
solar drying 0.013 kgCH,/kg-organic matter
urine liquid compost with aeration 0.00025 kgCH,/kg-organic matter
purification 0.00 kgCH,/kg-organic matter
storage 0.0092 kgCH,/kg-organic matter
digested slurry storage 0.0000413 kgCH,/kg-digested slurry
N,O electricity generation 0.000001 kg/kWh
diesel oil refinery 0.000049 kg/L
feces compost with aeration 0.0075 kgN,O-N/kgT-N
solar drying 0.004 kgN,O-N/kgT-N
urine liquid compost with aeration 0.067 kgN,O-N/kgT-N
purification 0.12 kgN,O-N/kgT-N
storage 0.0075 kgN,O-N/kgT-N
digested slurry storage 0.0075 kgN,O-N/kgT-N
NH,; feces compost with aeration 0.19 kg/T-N
urine? liquid compost with aeration 0.10 kgNH;-N/kgT-N
digested slurry? storage 0.05 kgNH;-N/kgT-N
NOx Non-residential construction (non-wooden) construction (shed) 6.01 kg/million-yen
Agricultural machinery construction (equipments) 5.07 kg/million-yen
Metal containers, fabricated plate and sheet metal construction (biogas plant) 0.0067 kg/million-yen
Pumps and compressors construction (biogas plant) 0.0052 kg/million-yen
Generators construction (biogas plant) 0.0052 kg/million-yen
electricity generation 0.00038 kg/kWh
diesel oil refinery 0.00015 kg/L
combustion 0.069 kg/L
electricity (co-generation)® co-generation (biogas plant) 0.0023 kg/kWh
SO, Non-residential construction (non-wooden) construction (shed) 2.21 kg/million-yen
Agricultural machinery construction (equipments) 3.18 kg/million-yen
Metal containers, fabricated plate and sheet metal construction (biogas plant) 0.0035 kg/million-yen
Pumps and compressors construction (biogas plant) 0.0036 kg/million-yen
Generators construction (biogas plant) 0.0032 kg/million-yen
electricity generation 0.00026 kg/kWh
diesel oil refinery 0.00036 kg/L
combustion 0.0021 kg/L
electricity (co-generation)® co-generation 0.00045 kg/kWh

1) NH; emission was assumed as 109 of T-N.
2) NH, emission was assumed as 5% of T-N.
3) It calculated NOy emission from Natural gas combustion.

4) It calculated SO, emission by exhaust H,S contents assumed 200 ppm.

Y, =989.5X X, +6598469.0 (R?=0.81)
D=
Y,=2389.4 XX, +2366823.7 (R2=0.99)
Q=R
Y, BREOEAR [H]
Y, : figg o At (1]
X, © JLEREES [5E]

WL, AFEEE BN E RO 1 Kl
x (@R) oKD, NLDHHT—213, &
PEERBTIEAHERE O B [88] R L2EE (24H) ~
LTV I T—= Lz, 72, ZOMONGEREHE
FRDEATCIEHY B BFIE, N7 R L FERD
THHL 72,
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Table 4-3 Condition of period, initial cost and useful life at composting systems.

Eaquinments Scale  Treatment priod/decomposition rate Initial cost Useful life
i [t/day] first stage second stage storage [1000yen] [years]
shed 18,158 20
Composting depot with 33 6 weeks - 90 days equipments 950 5
i .
aeration (40%) - —  shovel loader® 2,300 4
. " shed 15,361 20
eOplfinti;iei(Empost1ng 53 20 days 3 weeks 90 days equipments 8733 5
P (349%) (6%) —  shovel loader” 2,300 4
shed 12,409 20
ks? ’
Plastic house drying 3.3 3 weeks 30 days 90 days equipments 2,078 5
(24%) (16%) — shovel loader” 2,300
hed 2,183 20
Fermentation tank of vertical 40 16 days — 90 days Zqiipments 26.846 7
kiln t ’ ’
i pe (30%) - —  shovel loader” 2,300 4

1) It was set as secondhand shovel loader. (the cost assumed 2/3 of new shovel loader)

2) Composting at depot.

Y,=(—2.86X10"7) X X,+0.0061(R?2=0.79)
Y, o HATUELE Y ) OB/ E R [KWh]
X, ¢ AVERTER (6]

4) EEPARE Y HE A L ALER NG R

JIMEAHATT % 15 FI/kWh & L TKed 72, >3~
v —z & HERGhI R R, W LAY MRk L
B EHEZ SN EBRAEIZE kb EFZ,
I i D £ BB & W5 & RE L 72,

Y,=450017.3 X X, +7268374.2 (R?=0.96)

WAL, HEIRALIEEREE = 2 TL[70] 2 &5 @
gk % 8%aE L 72, MERRAERIS, EPAMY & iy d)E & Y, | im0 A Y [H]
L, EEEHO Y s~ Lo —5%2#E L7z, BH Xy AR [m]
R AE L, M E HE L TR ORI Y;=1911.0XX;+22618.3(R*=0.92) ---®=R
it L AR H O 1 KAFER (@R) L ) IEEK 2,000 Ys o H&E#EE (1]
SADMBEHBL O MiFE & L CTRed7z, 1 kbR, Xs  ARERE [m?]
PR IRV SRS O TR [88] e T3 (2 41) ~
DT > 75, BEKL 1,000-5,000 FEHE D (2) WAL - P CALBRAG E D B RE
Mgk (16 #is%) & LTk, T2, EHAERICE HNEAL - LB R DB E & Table 4-4 12
T3 EIEEED FEMC, OGN HE Y.
N 1 REIFER (O@RX) (24, 15 Migk) 2 58
Table 4-4 Condition of period, initial cost and useful life at liquid composting and purification systems.
) Scale Retention period  Purification rate[%] Initial cost Usefull life
Equipments [ -
t/day] aeration storage BOD T-N T-P [1000yen] [years]
iqui i tore 16,669 20
L1q1'11d composting 59 20 days 6 months — — - %
equipment equipments 3,417 5
store 14,900 20
Purification (batch) 7.8 24 days — 98 85 80
equipments 18,900 7
store 20,500 20
Purification (continuous) 7.8 4 days — 98 85 80 .
equipments 23,500 7
ficati store 22,550 20
Purification 78 4 days - 95 81 44
(oxidation ditch) equipments 8,108 7
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1) WAEAb AV

WAL, BEMIC X 3 FUF TORALALEL G %
FT 61 [86] 4 & IEHIK 1,500 MK MG & L T
WA, PREEER A ERE L o, HERIE, RS &
Bir s, BAMC i%md‘\/'?, Mg, Bk
MR > 7, BRI IR, PR R 754 s
naE L7, 8UNHEREIX, T 75k L iR,
T AME0.7T 2 HE L TEHRL 2,

2) FAbALTE G
FALALE R 1, SRR FEESIC L 2 EEK
2,000 SEBLEL o fti 5% B R TR AR 7 — 2 [39] 2 & [H] 47
X, AR, OD #:o 3 fifigkh &% L 72, T-N, T-P
DIREEIT, HERBIEMESREST] TR S Lz
PUiEEE % S5 12 3E L 72, I BALBEG R ) B 1 7

it

i

ERHANE T L, AERLRE A 5 W) HAl 15 1/
kWh, #EHHIHAM 1,000 M/ kg, 1744l 600 1/
kg & LTHBL 72,

(3) *Z» FEINGER D REE

A F v BB R D T R R % Table 4-5 1R
T A Y CREBEOHREIR, HTRIC kB EGHE[23]
wHFEE LIz, 7277, BARII, ;157‘/%%@?—7@%’“
LA D —HE TRE RS i oo T e,
AEE, TR AN A A 275 >+ [16] 255
12, BAEHZ EMEROBHEATES Lz, WE
I, BEHMED £ 7 > S @A%;ﬁritf:o
MR, AR 23 t OISR (hiR TR, 7
2 L> Y U EREBER AL E 6 » AR T %
HrBRlE & L7z, AR DA F 7 258w

Table 4-5 Condition of period, initial cost and useful life at biogas plant.

Eauioment S Tomorature Retention period Initial cost Usefull life
quip [t/day] P digester storage [1000yen] [years]
shed 435,313 22
tanks 99,260 15
- ti i t 77,036 15
Biogas plant 23.0 mesophilic 25 days 6 months co-generation equipmen
pump 108,391 15
slurry store 37,767 20
equipments at slurry store 6,840 5
Table 4-6 Life cycle inventory of composting systems.
Composting depot Opened composting Plastic house Fermentation tank
with aeration equipment drying of vertical kiln type
'g emissions CO, [kg] 4.64x1073 1.01 X102 6.27 X103 1.17 X102
3]
g NOy [kg] 7.88X107° 1.51X10°® 1.03x10°¢ 1.60<10-°
n
=]
S SO, [kg] 3.64X10°¢ 8.34X10°¢ 4.98x107° 9.8910°
input feces? [kg] 1.00 1.00 1.00 1.00
sawdust [kg] 0.252 0.252 0.40® 0.00
2]
© output compost [kg] 0.75 0.57 0.25 0.25
i water content [%] (55) (44) (40) (30)
g N [DM%] 1.3) 1.3) (1.2) (1.9)
= P,0, [DM%]  (2.4) (2.5) (2.5) 4.1
2 K,O [DM%] (1.4) (1.5) (1.1) (1.7
% energy electricity [kWh] 2.65X 102 1.41 X102 9.49X 1073 5.94 X102
& comsumption diesel oil (L] 2.19x10-3 3.79X10~* 6.59X 10 3.79X 10~
emissions CO, [kg] 1.73x102 7.02X1073 5.84X1073 2.63X1072
CH, [kg] 5.09 X105 5.07x107° 1.63%107° 5.12%107°
N,O [kg] 4.67X107° 4.66X107° 3.79X107° 4.67X107°
NH, [kg] 7.61X107* 7.61x107* 7.61X107* 7.61 X107
NO4 [kg] 1.62 X107+ 3.16X107° 4.93X10°° 4.88X107°
SOy [kg] 1.22X107° 458 X107 4.06 X107 1.64 xX10~°

1) Water content 759 at feces.
2) Water content 259 at sawdust.
3) Water content 409 at compost for moist adjusting.



A T7HA 7 NBEHFIC & B EREIARIEL - FIH > 2T L OBREG Bl 43

HAGERBS[45] 23 FI240m3/t L L, #%
CHAWER 65% & L1z, T2, N4 A H R,
ALK FE I BEHT 200 ppm T THBEZ LT 67 A T
PUVEBETHHING &Lz, EBROFEESR)
#(3 23%, BEIEIL 40% & L7z,

4.3 #R
4.3.1 MELfIERD A >N b ) ST
(1) HEAA LA f 3%

HEMEAVALIR i 3% D> £ > ~X > } 1) % Table 4-6 I27R
T Ao 2 Mg, HEARE T 16,980 FI/t, N 2
T 13,364 F9/t, BMCE T22,686 M/t, %R T
26,778 F/t X 7 V), HEEERBE MG (88112 & B3k
HEAGAVER S48 ) 4F- [EALER JFORE 2 1) DA 2 2 b &[]
BETHh-> 72,

TEH RS T3, HENLA TSI Ny B
BT N7 ZU2 IR T E L 70 - 72, /DI S DFUF
SARE NG L L 2B (53] T, BADR 1
kg ) O FEFEIME R E 0.027 kWh, PR
ML 0.0041 L & H#EGH L Tz, WHIE T =L,

ARl DHENL S & NETH - 7255, BN T = TlE
Wby & Bl oz, 22T, HEEE ORI T
DIBPEFRAT % BRI TAT - 72,

B DRI e i, S S A HALER R 10 t
Z 7 —7AHEAC I CHEAR 1t 24 ) DB E &
% 0.016 kWh & L T\ % [24], 4 8l D BIHUR T HE
JE1t240) DRESMWLEEIE, 0.011 kWh( 2 KALHLS)
2d) 2%, BEZHEBEOHRTH-2, F
72, HEARALAWEL T NH, e &3, CH,, N,O £
LREWEFRESNTWS (EH[51]), 4RO
T3 CH,, N,O LY 3H NH; DFeHEIKE L -
72 NH; BEHIREALL, KA ZFRE L 72HTH S
[33] DD FHMEE 7255, % & L7z NH,
PEREICIZ AT N 0 8.4-32.4% L IEA D - 72,
% 2T, NH; o8 mic BT 2 R ERT 2 7\ 2 D
R A MRE L 72,

T, WIRORSEHRIZEHLY) TN D1.2-
1.9%, P,0,#%2.4-4.1%, K,O0»°1.1-1.7% T &
0, FEE KIS ARNE & IR 5 & e o 72,

Table 4-1 Life cycle inventory of liquid composting and purification systems.

Liquid composting Purification Purification Purification
equipment (batch) (continuous) (oxidation ditch)
S emissions CO, [kg] 2.29X10-3 4.41X10"*  5.59X10°3 2.76 1073
3}
= NO [kg] 3.83X10°° 6.48X10°¢  8.27X107° 452107
wn
(o]
S SOx [kg] 1.81 X107 3.65X107°  4.62x107° 2.20X10-°
input urine [ke] 1.00 1.00 1.00 1.00
drainage [ke] - 2.83 2.83 2.83
water [ke] - 0.00 0.81 1.49
Coagulant [kg] - 1.28X10~*  2.88X107* —
fé Antiseptic [ke] - 6.95%107%  1.57x10"* 9.40 X105
g output treated water [kg] 1.00V 3.79 3.76 3.82
g solids [kg] — 1.63X10"2  9.59x10°® 7.98 103
sludge [kg] - 3.83X105  6.96%10°° 1.12X10°5
N N [%] (0.41) — — —
5 P,0s (%] (0.13) - - -
§ K,O [%] (0.05) — — —
E energy consumption electricity [kWh] 2.97x1078 3.69X1072  4.05X1072 2.87X1072
emissions CO, [kg] 1.26X10°3 1.65X10°2  1.91X10°2 1.22X10°2
CH, [kg] 3.26 X105 3.69%X10°7  4.05X1077 2.87%1077
N.O [kg] 7.80X10~* 1.29%X107%  1.29X10-° 1.29X 1073
NH, [ke] 8.28 X104 — — —
NOy [ke] 1.13X107° 1.40X10"*  1.54X10°° 1.09X10-®
SOy [ke] 7.73X1077 9.59x107%  1.05%x107° 7.47Xx107¢
discharge for BOD [keg] — 2.24 X107 1.35X10~* 2.18 X104
aquereous T-N [kg] — 1.09X10~%  6.02X10"* 5.55X 10~
T-P [kg] — 1.24X10~*  6.82X10°° 1.40x 10~

1) Liquid compost
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(2) WAL - bR i %

TEAL - B D 4 >~ > } ) % Table 4-7
2R, SBESEHR A >~ b ) OIEEK 1Y )
DAFEE 3 2 M, WAL LT 1,001 H, FbauBE ¢ 1,131
2,169 & 7¢c V), FpEBRBEMEAE(87] TRENT W
7o AR 1 HES ) DM 0 2 L [EREETH - 72,

R ERS Tld, WIBAL & b TR R 4-11
DD D), T TEI L CEEREINDL 2
ERENTZ, F 72, R TIE, JREED N,O HE
HED LW 2 HWEHI7E - 72, BHIZ, §bast
TR L D D HIKESR T N,O B ®IZ A e
EHE LT A [51]. LA L, 4lliE N,O HeifR%
w—HBTERLTCBY, LA DEWIZL S N0
PBER BRI FE TE L -7z, T2, BRI THE
HE 472 NH, 13, 8.28X10*kg TH > 7z, 72721,
BB THA T 5 NH; 1, BAGERESSIRESD
FHTREDLZEVEZ OND, WEOKT &A=
I, ZEES [66] O WRIRINE T o> sy i & R T
Hotz,

it

(3) A F BTG

AT UBBED A X2 } ) % Table 4-8 IZ/R T,
A F U FEEED H ALY 72 ) o Al HIE 13 1,800
T/ (t-4F) Thotz, A5 FEENR D H AL
PR 72 ) oA, MBI k> TR 55
300-1,400 TH/(t - 4F) &% > T\wb (EPEERBIRE
fEERE(87]) o L 725 T, * & > DB ARBED
BRESAMIE, A >N M) L TEBLAMEN 3/4
D5 1/2REICh b EH 2 bk,

TS ClE, ko BEHEEREL Y LAz
CUREHY L DEREENEIRE L, REEIIC
LD RESICAE ) B AA A AT E 2, F 72,
AN, X F R a2 Tt EEanT,
WAL T B T CH,, N,O, NH, JEH 25 L&
oo ZHUZ, BHROMR RO A 5 IR D
FoRE Nz e FH 2 bz,

Table 4-8 Life cycle inventory of biogas plant.

Biogas plant

§  emissions CO, [kg] 1.80x1072
3]
£ NOx [kg] 2.92X10°7
12}
2
3 SO* [kg] 1.40X10°5
input manure [kg] 1.00
2 output methane [Nm?] 2.60 <1072
s digested slurry [kg] 1.00
§ N [%] (0.58)
P,0s (%] (0.34)
K,O (%] (0.21)
energy consumption electricity? [kWh] (1.79X107?)
heat? [(MJ] (1.27X107Y)
= energy produce co-genaration electricity [kWh] 5.14X10°2
2 heat (MJ] 3.22 X107
§ emissions CO, [kg] 0.00
= CH, [kg] 4.13X107°
N.O [ke] 6.84 X107
NH, [ke] 3.52X10*
NO [kg] 1.20X10*
SOx [kg] 2.32X107°
reduction effects electricity? CO, [kg] —1.43X1072
CH, [ke] —3.36X107
N,O [kg] —3.36X10"°
NO, [kg] —1.28X10°°
SO« [ke] —8.72X10

1) It was produced from co-generation.
2) Excess electricity from co-generation.
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4.3.2 MILRIZ - 2 AT ADBERES

(1) HEMEAALTR i o) BREE F 2

HERIRBEAL ORI, KD 32-49% 553 A Bk
? CH,, N,O DR T, Mg A = AL X — 1k
DB KR E D - 72 (Fig. 4-3) . TEREB) DO TlE,
HERE B G R D E B 2 BT K & {, R
TERINHKRDOHBEN BB RE W EDTREN
72, VL B3, A HRD NH, 2332 HeH) Tl
LA, TANLX—IEEOMEII/NNE 572 (Fig.
4-4), FEATNZ, AIRHAR 2 MG T S 2ol TR L
¥R E CBREEL RE (), Mokt
1, MEIRIB RV ALK —IWE D% BB
PEIAARIgIC NS oo b FE 2 BB, L L,
HEME & DM B & A 2 7%, NH, $EH 253 A N
D 30% & 7% o R2GADREL, HERKIERILD 16%,
EEMEAb A 59%IEIN T AAER E o7z, TNEY, #
FE7Ze U U AT T & B S 8, HiERIEIR Lo

0.060

B3 construction [ Materials
0.050 —

[7] Materials ) [7] Feces

0.040

0.030 —— -0+

0020 — 11

0.010 —

Global warming (GWP,,,) [keg-CO,eq]

0.000

Composting Opened composting Plastic house Fermentation
depot with cequipment drying tank of vertical
aeration kiln type

1) Tt was the impact from process of materials ( electricity, diesel oil and chemicals ) production.
2) It was the impact from consumption of energy materials.

Fig. 4-3 Comparison of global warming impact at
composting systems per 1 kg feces.

0.008
0.007 | B construction i Materials
— [4 Materials D[] Feces
,0.006
o
2
.'ib‘.h 0.005
%0004 —
a
_,S, 0.003 —
St
=
5 0.002 —
g
0.001 —
0.000
Composting Opened composting Plastic house Fermentation
depot with equipment drying tank of vertical
aeration kiln type

1) It was the impact from process of materials ( electricity, diesel oil and chemicals ) production.
2) It was the impact from consumption of energy materials.

Fig. 4-4 Comparison of Acidification impact at
composting systems per 1 kg feces.

WK ELL ), YBRLICHE ) NH, Pt h iy
52 & TR EIRE < % RS 5
EFEZ LD,

(2) WIEAL - FHCALEL R R o) BR B RS2

RO BALUE 2 72 V) O HIERIBEE(L D52 28%, HE
JEALALER > 10 fEFEEE & K&, JREHEKD N,O 2
95-98% & K& { s 72 (Fig. 4-5), £ 72, Migkf o
g ¢, BRI I THIEAL T 40 % FREEAR <
7o 12, BRMALDRSEEL, AERIZAE 5 T NH,; 27HERK
T 5L TRE C, HEAMLEE Y72 ) TIEHER L
L RREE D8 Th - 72 (Fig. 4-6) . B KL
B%, PR 24 LB TR & G iR ALE e
2k 5 T1.6-1.8fn%EHr AL 72 (Fig. 4-7). Zh
L0, RAELTIE N,O 1T & % HEBRIEEAL D528
KRE L, BRI b B b~ D22, bR T
EAHRFACANDEDRE W & W) R TRE L7,

0.50

B construction [ Materials 2

Materials ¥ [] Urine

0.40

0.30

020 —H- 7.7

Global warming (GWP,,,) [kg-CO,eql

0.00

Liquid composting Purification Purification Purification
equipment (batch) (continuous) (oxidation ditch)

1) It was the impact from process of materials ( electricity, diesel oil and chemicals ) production.
2) It was the impact from consumption of cnergy materials

Fig. 4-5 Comparison of global warming impact at
liquid composting and purification systems
per 1 kg urine.

0.0050

& construction [ Materials 2
0.0040

Materials V] Urine

0.0030

0.0020

0.0010

Acidification (DAP) [kg-SO,eq]

0.0000

Liquid composting Purification Purification Purification
equipment (batch) (continuous) (oxidation ditch)
1) Tt was the impact from process of materials ( electricity, diesel oil and chemicals ) production.
2) It was the impact from consumption of energy materials.

Fig. 4-6 Comparison of Acidification impact at lig-
uid composting and purification systems per
1 kg urine.
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0.0008

B construction [] Materials 2

0.0007 Materials ) [J Urine
g 0.0006
o
o)
30 0.0005 —
)
=
D 0.0004 ——
=
&
= 0.0003 —
=
2
8 0.0002 ——
£
2
£ 0.0001 —
@

0.0000

Liquid composting Purification Purification Purification
equipment (batch) (continuous) (oxidation ditch)

1) It was the impact from process of materials ( electricity, diesel oil and chemicals ) production.
2) It was the impact from consumption of energy materials.

Fig. 4-1 Comparison of Eutrophication impact at
liquid composting and purification systems
per 1 kg urine.

0.35
B Construction
= 030 — B Materials D
3‘ O Materials 2
O 025 — O Manure |
4 O Treated water
“ o2 B (el ) -
8
o
2 015 —
2
"é’ 0.10 —
Z 005 —
=
=3
2
O 0.00
-0.05
Biogas plant Compost depot/  Drying / Purification ~ Vertical kiln type
Liquid composting (continuous) / Purification

(oxidation ditch)
1) It was the impact from process of materials ( electricity, diesel oil and chemicals ) production.
2) It was the impact from consumption of energy materials.

Fig. 4-8 Comparison of global warming impact at
manure treatment systems per 1 kg manure.

(3) W ASRAIRL 2 T A DERIE A

FHE L 12 WA RAER > 2 T A DBRIEHB DAL
H % Fig. 4-8, Fig. 4-9 X 1* Fig. 4-10 127~ F,
WENEAL & AL E BB % dL A 72 2 2 T 4,
AR DRSBTS, EREREOR
FIRE M 7% & DEMHRDBRIEH BTN E {, 2A
JRHR D ERBE B R & b 5 72, BRI, Wil b E @
AT TR, SARPND2 LD NH S ES %
<, BB RE L ooz, Tz, bt
EOMAETIE, RPN LD N,OBEHIC L 51
ERIBIEAL DMK E e n 72, F 72, H{LALELT
FHEKIC PR ) BRI DB B - 72,

A Y BT HBRIERAL OB /N W2 & 28
B Th ), HHABRE ORGSR NS 5 12D
13, MEEROBEHREREIC & > T A RBROBREE A4
DY Z T eed EF 2 bz, BRIEL

DRI IR E R BEThH Y, LD
5 NH, HEH D8 04% 2 o7z, 7272 L, 5%

it

i

5
0.0060
B Construction
0.0050 Materials 1 -
= O Materials 2)
S"‘ O Manure
% 0.0040 O Treated water —
g" ] Reduction (electricity)
% 0.0030
8
0.0020 ——
g
g
= 0.0010 -
2
3
<
0.0000
-0.0010

Biogas plant Compost depot /

Liquid composting

Drying / Purification  Vertical kiln type
(continuous)  /Purification
(oxidation ditch)
1) It was the impact from process of materials ( electricity, diesel oil and chemicals ) production,
2) It was the impact from consumption of energy materials.

Fig. 4-9 Comparison of acidification impact at
manure treatment systems per 1 kg manure.

0.0005
B Construction
Materials 1
0.0004 — B Materials 2
O Manure

O Treated water
E] Reduction (electricity)

o
g
S
[

°
g
g
S

0.0001

Eutmphlcalian (EPMC) [kg—PO‘,eq]

0.0000

Biogas plant Compost depot /

Liquid composting

Drying / Purification Vertical kiln type
(continuous) /Purification
(oxidation ditch)
1) It was the impact from process of materials ( electricity, diesel oil and chemicals ) production.
2) It was the impact from consumption of energy materials.

Fig. 4-10 Comparison of Eutrophication impact at
manure treatment systems per 1 kg manure.

5%, BAKCE 7z ks AR b DRET AT OBEH
BB EFRML TE Y [75], N5 DHETEHRT
Ehwrd itw, 72, AZFEETIE, T2

124 ) BRI B O BRI R A FE B & 1, HERIR
BEAb DB % 36 %HIR L 72,

4.4 EE

A RIERNEEE 2 T 4 794 7 VIR L 723
OB, SARICHRT 2REAMOTS
PEEMTH Y, HiskHEAB L OTEH Tofba %
BRI INE 5 T2, Liedt - T, BB
2 b S ARAERGR 2 P 2 7235501213, S ADRHIR
DIRBEFH B % YR TE 2000, BHiikER 2
M AN FELRANC L b EHFZ L5,

R EIDOME D 5 H 2 12 BA T, #5755
1%, TR & o) IR EORHE bl B

AT L E R L TREERENE (, REBEREN
MR TH B &2 LNz, T2, ¥ AT LR 0%

L, BACE AR L 723856 CHIBRIEEAL & B¢
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FA~DEEED R E {, WA 2 FIH T 2554
TIZBBHEALOW B RE e 2 ER 2 0IET 5 2 &
MWTET,
SNARIERGEERFRE D F 5\ I3, WA RDAERF]
A, BMELEBRRICE > THRA2THY, ZDhbwn
- eiEk RS NDE Z Eic b, L2 - T,
S ARIELEAG O TG R D AT, ZDRE, D
H COBRBERE A IR T 5 L 9 2 3 A RH - F
By 2T 255 5I123EL T\, 2, 4RO
FHETIE, SHSARDHHRIEZRWTEBY, Hts
& OB EZBE D BB B F R S N T e v,

L7eh» T, 4BOMET & L U DEA,
T ER RS & HENR, WEIBSE o R ERRE % &b 72 5Tl &
T\, K AR R A, Wt iR o 5
b, WANICERESSE AT 5 £ ) AR
B fHY 2T LAOMESULE L B,

4.5 &

AREEL, ARG OBRBEHE O E RN
T & MR oE 2 B & LT, ks Ese
TR SR, PEH S 2 REEAME OB
e E L RETIVEERL, MEkoEA, A
B DWW LCL 0 24T - 720 $ 72, SIREEWH
B & HERIEIE(L, BEME LB & OVE SR b o e B
DIRFEZEN N L TRIMAL 24T - 72, HEIBABALE
HDOBREBONNIE, AT 28T
e, TARIX RIS EHE, R iy
KEWZ EDIRENTz, T 72, FRAEGER ORI,
HigkicfRb & 34z N,O I & % HERIEE LD
R E L, WL T NH, 12 & 2 EeMAL, b
FCHEKIC & 2 BRI OBEIRENWZ L TH-
72, 12, A Z U REIHEHABEDI-HIC, oo 2
T LA HER L TEREBHEDVNE W EATRE NI,

Tz kY, ZRARMEE Y 2T 20FHICEAL T
T4 794 7V THEL & A BRBE AN 2 AT
25T EDNTE, ZORBEMEORNE > AT 2148
WERILT 22 eI TE .

EHE LCAFEHRICLBIRBIARBHARD
RIE R BT

5.1 Bm

MR % s & LT A 3 > SeILER & ) L 7208
AFHAT T (LU, *2> FEERIRY) HHEA
SINTWD, *F3ERfiEkE, B4BEORINE
&9 B OMIL T RIC L B ALFERERE o) BRI A 0]
WEOPEHIHISIFEA D 5 2 L0, H2ETREN
72k o i 2 eek e L CRITRIHT 52 & T

B AN =PRI NG Z L), &
AR & L CRVA B BRES I CEL 72 TR
2RHoTVWBIEN DY D,

LaL, ZNE CoFHEiTiE, MILHEOBATERME
2OV ToRAN L EEZEIERILEIN T
VW, AP FELETIE, B K 1o R R
W WERALAEZ 5 e v T, LRI O %
PSR Z G b eFEZ N5, /2, WLHED
WA T3, TrE=THEZELZL{FT0LHI, i
JECEEALEL S L2 IE L ) bRl T '=
7 (LUF, NH,) $EHEX»Z< %2 2 & 2BHEEN
b, L72h 5T, LB OBIEBMEZ &bl 25>
FESERFIH D 7 A4 7% A 7 W7 BREEE % S
L, X7 FEEEROREEMIC BT 2 5305 RE
BRI S % LD H B,

Z ZTARIETIE, 227 FEEHZROFMEIZDOWT
WAL O BT /7 D E N % B JE L 72 BRI B D R
RS & VR B ABEEE & R L 723 A & oo g
zHWEL T, 747 A 70T 2 X (L
T, LCA) 2 & 2 REswEEHi 217> 72,

5.2 A&

5.2.1 BEREMIAT & 2 2T LR

(1) FPfixT4

PSR IZ, FLE % 100 8H ORFHREEE) s
LTV BBEREERD SLAIRMIL - FIFH AT 45 L,
EREI N RS IZETHREMICEILTE S
EE LTz, SWARME - FIHERIZX, #5~5EE
Ws%, EATH 7 PR T H B 3 ARIEA OHENIEL
FHRTH HNE B L ORI HES N0 r | T
RN & AL i DA D 3 DD ) + & 7%
L7 (Fig.5-1).

F 72, HOAFHEMIZIE b7 7 21T A 5o B Hi
EMEL, HESFIce=2T 27y v ¥ (LT,
MS), BIEHICIZHEmEE L D Zedicm & H§
TEATT 2277w 27v— R (LT, SP)
DATN) =27V b sz, &bz, i
ALIEAT TIHAT RN 0E I ) BREEE 2 iR
T 5720 SP 721 T, MR ¢ F TV
B D R — 20 b REHAT AT N> P27V F
HR (LU, BS) &Ll 24T ) R A5 ) —
A4y 7vary A (LT, SI) o7 —5>
7 ERELT,

—

2)  FHASEHIPH & BERRHAT O RE
PAAFF L, PRI 72 3 ARV X BRI
BAidnsEcon7arz & L7 (Fig 5-1), #iz,
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St -
e of Construction of manure shed . electricity  —  to each
Construction and treatment system equipments Production of . . ™ processes
Production e: diesel oil
Stage of

Manure Utilization

manure

[Casel:composting at depot for solid treatment]

_ moisture . storage
solid

composted

manure

application?

manure spreader”
[Case2:composting at depot and liquid composting for separation treatment]
» | moisture . storage composted manure
§ adjusting solid manure spreader!
E n
> liquid —*| slurry store ( with aeration ) |-> slurry Sl?;’]’:;;:;?:le;)

[Case3:biogas plant for slurry treatment]

manure ——'I biogas plant | storage |——>

Slurry tanker "
digested (splash plate) __ _
—> licat; )
slurry (band spreader) 2pp icatior
(shallow injection)

[ istage [__Iprocess ~ —» material flow
IZl system boundary
Fig. 5-1

AP CITALER & BOAm I £ ) BREpEE o o 4 H
L7272, RO E 22T 5k 7 v £ A1
TRACEIPA A 5 Br\ 7o, AU FH V- S
HEME, WATHEBDOT A 7Y A 7L, AR &
TE T BRI 2 SR HIPHIC B, 2727, BRI
Hobilsd b7 757103, fillktdpefEsecrE et
EPUHBNT W S, AR TSR & L 72 Bt
B 5 77 7 DBEABREDOBREZEIT N E W
FEZHLNBENDT, b7 7 5DEABRMIIFEL &
o fz, Fz, I N LR RS EREI
LRI Eo 72 (Fig. 5-1),

A F BB TE, AT 2R EFH L7202
HBICL > TENRRREERETE L, ZNHD—
TBIZ, # & FEERBRNOWNEE L BV Tl T
DFETHHPWEETH ), RRBEISLPRITE % 5
BEEZRBET L0 TE L, T4bb, MiTHR
F & 7o - 72 ES)RBERIE, FOSHUIRSDRKEN
Ao MRHELE - L C o TERE, PR REE A
WREPZLICZENTEL EHEZ LML LY2L,
ARFFE Tld 3 A FRILEE - FIH 5 R & TS & 3
L, 222683 N2 RESE Ol Z HiE L
22 e, B E T o 7 ERETE SRR D F)
FHERS 2 FEEPICEZH T, ZoMRBRR REA
wMOHRE) FEEL ko7,

BEREIAT I, BE L BB RICB W T 1M THE
HENDIARPMEI NBERICEAAIND & L
72,

1)The transport process was not considered at this boundary.

2)The gas emissions from fields after manure application
was not considered at this study.

Schematic process flow and system boundary of three cases scenario.

(3) FAKIG & L 7o BB AMTIEL & BB
EREIAMTEE L, A RICHRT 2 BRESE2T
T MECEA & LEE, Hom iz - T 2 a1k
AEHZ RS 2 IREEyE 2 i § 2 7edic 2 F >
(LI'F, CH,), #HimgfbzEsk(LIF, N,0), NH;, =
b (LI, CO,), #EFEmeftdy (LT, NOy),
i b (LU, SOy) Z2X4% & Lz, 72720, &
ABFE CIRIEET— 2 Dffilid 5 CO,, NOy B LU
SO, DA EFIEL 72, MEEEE AR DR ZENEST 2
1%, 2004 4EEEIC BT B BARDBERE S 2P &
[27] (1,355 )7 t) D 94.9% %% CO, N TH D, #l
W ERENZOR29% LD ZVEIEE LT
T ERFZEZDECO,DAEDH ETEMEIASTRETH
bE#EZ I, £72, MESIE, 1994 EEICHET S
NH, He & (520,000 t) D, ficd £\ 61% 0K &
PR & s L TB Y [28], ZofoFEHE &
FERPLFEZ B &, MiEE AR OB 21X
NO; & SO, DAHDEF ETH4rTh 5 & HMIL 72,
BB T3, NH, 7213 T4 Bfitg o 1880 &
CH, = N,O 7" 2 1.5 5%, HEME & OB T
INLDFMBREBLIIE LN L5722 %, R, 1Y
LA CH,, N,O HEH I Al i (2
L BWIRE 2 H A [36, 7] X &b, Btk
7 CH, & N,O I3t b L - 72, 72, A RHE
DCO,FH—Ry=a2—F T NDHFZ FHHrbHERE
AmiE L CRFEL e 5 72,
REEWBERCI3, 74 74 720 >_> b))
(LIF, LCI) i cEdfbd3 iz &s+ ) + TolkR
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Biffie e (LUF, BREIAME) % HERIERIb &
F AL D BREE BRI D W TR L R 4T - 72, HB
ERIBIRAL D2, GWPyg DIRE[20] % FH T
CO, IcHf L TR L, Bttt (Acidifica-
tion Potential) (3 H Al 55 505 B 52 2 FEAm T
[22] D HEFEAE T D 5 DAP (Deposition-oriented
Acidification Potential : Pt H % & DEEMAL R T
> V) ORIV T SO, (a8 L CRME L 72
(35 4 o Table 4-1 ).,

5.2.2 70 & 2B T — & DR

SARMEL - IO 7 a2 22T NIE, MiiRDik
FHEPF SR, FRCEAG I > TR S L5 3R
BAMBEORBRRE L 0T — s bER L7z, L
2o T, WET— 21, T—F mo—H IR
ENTWe s, REGEET KT 5 2o DlfiskR
e KM TE L EHZ T2,

1) WET—%

JUPRH e EAR OB A BB DB AT =T, EA
et & JAAE I TR & ASkET (RAGE RN > 1096 &K
) KD, ZOAFIH & EREEANHER SRR b
Mk 14EML ) OB AME s L TRHB L2, &
AR D BRET AR AR EIL, BIES 512 & B EHUL
(LIF, 3EID) # w7z (Table 5-1) [42], HEAEA,
WM btk Cld, R BRET A wc R et

#FEAE) ORBEMNE, L a~o—F X i
ﬁo:u%%‘%%mmriﬁﬁum L7z, $72, A5
SRR D Bk 12, RS R> 7, 2>
DU Dbz, BABRHERER, ¥ 78,
R 7HH, = A3V X—FH I e LR
7z, REAMPENEEAL, 3EID L) 5> 75
113 B B S N BRI A B, R 7RI
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(3) JRASRUIL T 0L ZDHE

HeMB B Rk s L ORI S, A%[86], /UK
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IRENTIB ST, BIEZEREHOREH W T
Hotre 22T, WISDPAE[LIT]H 6 HULE R &



50 % W oW %
Table 5-1 The environmental loads coefficients.
Items Stage/Process Output coefficent Unit
CO, Non-residential construction construction (shed) 3.02 t/million-yen
(non-wooden)
Agricultural machinery construction (equipments) 3.74 t/million-yen
Metal containers, fabricated construction (biogas plant) 491 t/million-yen
plate and sheet metal
Pumps and compressors construction (biogas plant) 4.13 t/million-yen
Generators construction (biogas plant) 3.75 t/million-yen
electricity generation 0.41 kg/kWh
diesel oil refinery 0.105 kg/L
combustion 2.63 kg/L
CH, electricity generation 0.000009  kg/kWh
diesel oil refinery 0.000078  kg/L
feces compost with aeration 0.00025 kgCH,/kg-organic matter
urine liquid compost with aeration  0.00025 kgCH,/kg-organic matter
storage 0.0092 kgCH,/kg-organic matter
digested slurry storage 0.000041  kgCH,/kg-digested slurry
N,O electricity generation 0.000019  kg/kWh
diesel oil refinery 0.000045  kg/L
feces compost with aeration 0.0075 kgN,O-N/kgT-N
urine liquid compost with aeration  0.067 kgN,O-N/kgT-N
storage 0.0075 kgN,O-N/kgT-N
digested slurry storage 0.0075 kgN,O-N/kgT-N
NH; feces compost with aeration 0.19 kg/T-N
urine? liquid compost with aeration  0.10 kgNH,-N/kgT-N
digested slurry? storage 0.05 kgNH,;-N/kgT-N
NO; Non-residential construction construction (shed) 6.01 kg/million-yen
(non-wooden)
Agricultural machinery construction (equipments) 5.07 kg/million-yen
Metal containers, fabricated construction (biogas plant) 0.0067 kg/million-yen
plate and sheet metal
Pumps and compressors construction (biogas plant) 0.0052 kg/million-yen
Generators construction (biogas plant) 0.0052 kg/million-yen
electricity generation 0.00016 kg/kWh
diesel oil refinery 0.000087  kg/L
combustion 0.0076 kg/L
electricity (co-generation)® co-generation 0.0023 kg/kWh
SO« Non-residential construction construction (shed) 2.21 kg/million-yen
(non-wooden)
Agricultural machinery construction (equipments) 3.18 kg/million-yen
Metal containers, fabricated construction (biogas plant) 0.0035 kg/million-yen
plate and sheet metal
Pumps and compressors construction (biogas plant) 0.0036 kg/million-yen
Generators construction (biogas plant) 0.0032 kg/million-yen
electricity generation 0.000061  kg/kWh
diesel oil refinery 0.000093  kg/L
combustion 0.000057  kg/L
electricity (co-generation)® co-generation 0.00045 kg/kWh

1) NH; emission was assumed as 109§ of T-N.
2) NH; emission was assumed as 5% of T-N.

3) It calculated NOy emission from Natural gas combustion.
4) It calculated SOy emission by exhaust H,S contents assumed 200ppm.
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Table 5-2 Condition of equipments, initial cost and useful life at treatment process on each scenario.

Initial cost Useful life

Scenario Equipments (1000 yen] [year]
manure composting depot area(1,430 m?) shed 54,046 20
withpaeratgigon P composting (6 weeks), atorage (90 days) equipments 547 5
composting aeration (0.75 kW X 1,1.5 kW X 4,24 h/day) shovel loader 2,300 4
separator roller press (2.2 kW X 1,3.5 h/day) equipments 2,280 5
composting depot area (257 m?) shed 9,860 20
solid-1quid withpaeratgi;on P composting (6 weeks), atorage (90 days) equipments 119 5
separation aeration (0.75 kW X 2,24 h/day) shovel loader 2,300 4
) . aeraration store (118 m®), retention period (20 days) store (total) 14,085 20
solid composting aeration pump (3.75 kW X 1,4h/day)
. +. liquid other equipments (0.75 kW X 2,4 h/day) equipments (total) 2,387 5
hqmd_ composting discharge pump (1.55 kW X 1,2 h X 36 times/year)
composting equipments store (1,050 m®), retention period (6 months)
mixing pump (3.75kW X 16h X 3 days X 2 times/year)
discharge pump (5.5 kW X 1,10 min X 200 times/year)
digester (20-30 days) shed 4,795 20
slurr store (6 months) tanks 56,366 15
bio ays lant biogas plant gas holder co-generation equipment 21,109 15
Bas p gas p gas generator (25-30 kW) pump 14,547 8
slurry store 16,869 15

H HEATALER 2 2 ) DR H 2 5 Bl (O=)

R L, ZNEHTEREL BRI £ 7 3
PR DB H 2 R L 7o, BEECE H o &R~
DAL, FEIRIC K BMERRBFKHANA AT 2AT T
FOBMEE]6] 2 H\vT4T- 72 (Table5-2). i
HOERIHE S WHEE R, g1 S [17] o FEgk D
5T = DF b L7z A BiRE O REE V72, £ 72,
B, EHE RS & UREH BRI, AL T —
W5 b LT B s B R o i R SR o il &
Wiz, BEHR & NN F 7 ZADBMEKRIERE X, 200
ppm £ TRBMEI N TH A > ¥ > FEE T S
NBEEE L7z,

y=(—1166611) x+25947188
(n=8, R?=0.73)

y o HHEATAEER Y ) o [M/ (t/8)]
x | B [t]

4) B 7 vt 2 DEE

K ) A TR S L5 B B O 3 S %
Table 5-3 12789, HEMEHATIC X, B E S5 m® D
T2 T ATV FEAATAEREE L2, HAL
Z, BEE A — 27 OERD 5 [FHE o Hm i &
L 72, WA O BB 5L, 75 PS b 7 7 & T
T2 & L CEM T BB H 3 252.0 g¢/kWh
[59] 75 1 M OBATVEIERER % 10 43 & 0E L THE
L 72,

BB, 2> 748®=5,000LHDRAT ) —2
TV ZEFBETLEL, BEBE AT OERD S
[RIFUE D BT % B A I VW 72, BRATIRE D %

Table 5-3 Condition of equipments, initial cost and useful life at application process on each scenario.

Working Speeds Initial cost Useful life

Applicati t C it R k
bphication system apacity wideth[m] [m/s] [1000 yen] [years] CMArks
compost manure spreade(MS) 5m? 3.1 0.56 2,138 5
liquid  slurry spreader
. 5,000 L 6.0 1.40 2,773 5
compost with splash plate(SP)
slurry tank amount of application: 2.7t/10 a
. 14,500 L 175 1.27 7,140 5 .
with splash plate(SP) capacity: 1.6 ha/h
dicested  slurry tank discharge tube: 48 tubes
gested sttty ta 15000L  16.0 210 10,710 5 amount of application: 2.0t/10 a
slurry  with band spread(BS) .
capacity: 3.7 ha/h
slurry tank discharge pipe: 28 pipes, depht: 3 cm
with shallow injection 14,000 L 5.0 1.95 10,710 5 amount of application: 2.3t/10 a

(D)

capacity: 1.2 ha/h




52 %
FHER R, FHRBRO IRBAE O BAEHE 9.0

L/h[13] # AT 1 Bl BAG VESER ] % 10 45 & AR
E L THERTL 72,

WAL EATIC X, R 28R 27 ) —5 >
B EHAND & L7 BATE O AR T, A 2 —
HDERD L F Y 7HERI4,000LDAT ) =27
Uy SO EHEGTL 7,140 THEBREL 72, 72,
BS & SI o 8 34 1& o B A 13 ) 360 554 7 <
T—= N hr -T2, £ZTC, BAARMEHD
50%% BSHB L "SI i # H & L THE L
3,570 TH 25T 1L 72, 8% L 72k 1%, fESEHMIE
B0 7V —2E, T4 A7BLPHEANEE
ETRDHFAL 72, T4 2 7~ v— (TEZENE 250-300
cm, T A4 A7 24inX24 MALRE) Offitgihr 33) & [
FEETH - 72, BATREO BT =13, #5165 [30]

it

i

DT 72 8% A ST (SP, BS B L8 SI) off
¥ReEL LN T — 2 (Table 5-3) & B AT
J& 2 CIALB R RS IC H w72 F 7 7 2 (100
PS) DERSIIRE DS B L ) HERE L 72 0N
#eH (12.7L/h) 7 63K 72,

5.3 #ER

5.3.1 FA 7% A 702 ) AT

A L 72 BB R D 3 A RAER - FIF I - THEH
ENHBE AN EY, BET 37 e X}
DEICRFEL, o7 ) A BNCEREL L TSR, R
A LCI Z 1B L 72 (Table 5-4), 3»AJRALELT
13, A7 REEMRITEFRBRHI» S &5, il
D) AN TEABRBOREE G L0 -
720 HEMALW A LGRS DMLBLELRE T, WEE 1L

Table 5-4 Life cycle inventory at each scenario.

Scenario
Stage/Process Items Unit Case 1 Case 2 Case 3
(composting) (separation) (biogas plant)
Construction CO, [kgl 10,6182 9,629.4 36,160.9
(equipments) NO, [ke] 195 | 53 . 95
S0, [keg) 81 ¢ 78 292
Treatment energy CO, kgl 51,8483 1 12981.0 0.0
£ resources CH, [kg] 13 . 03 { 00
g "NoO [k 19 ¢ 05 00
5 NO,  [kel w7 4 s0 ¢ o0
g so, I[keJ 66 . 18 i o0
g manure ~ CH, [kg] 625.2 1360.9 0.5
MSY | MS+SP? | SP¥ BS® SI®
Construction CO, [kg] 1,584.2 I 3,639.3 5,291.3 5,291.3 5,291.3
< NO, [ke] 21 | 49 72 12 12
E so, I[keJ 13 . 31 i 45 45 45
‘s Application energy  CO, [kgl 16686 @ 18251 : 19261 11244 30147
- resources CH, [kg] 005 : ~ 005: 006 003 009
N0 kel 003
g NO,  [kg] . :
80, [kel 009 0 010 011 006 017
manure NH, [kg] 1543.3

1) It used 5 m® manure spreader with 75 PS tractor.

2) It used 5 m® manure spreader and 5,000 L slurry spreader (splash plate) with 75 PS tractor.
3) It used 14,000 L slurry tanker (splash plate) with 100 PS tractor.
4) It used 14,000 L slurry tanker (band spread) with 100 PS tractor.
5) It used 14,000 L slurry tanker (shallow injection) with 100 PS tractor.
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4)lt used 14,000L slurry tanker with band spread (BS) for digested shurry application (spreading).

)1t used 14,000L slurry tanker with shallow injection (SI) for digested slurry application (spreading).
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1)it used Sm? manure
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Fig. 5-2 Global warming impact at each scenario.
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Dlt used Sm® manure spreader (MS) for manure application (spreading).

2)lt used MS for manure application and 5,000L slurry spreader with splash platc (SP) for shurry application (spreading).
3)lt used 14,000L slurry tanker with SP for digested slurry application (spreading).

)t used 14,000L slurry tanker with band spread (BS) for digested slurry application (spreading).

5)lt used 14,000L slurry tanker with shallow injection (SI) for digested slurry application (spreading).

Fig. 5-3 Acidification impact at each scenario.
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Process flow model and system boundary for evaluation of manure treatment and application systems.
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Amount of manure Rice field Crop field Pasture
Mesh ID Daigﬁow Beef cattle [hal [hal [ha)
53405414 8640645 0.0 0.3 0.0 0.0
53405426 00 3038260 01 00 00
53405435 71886750  6445900.0 0.0 00 32
3038 . 05
‘ _ w0 00 g5 0D
53405475 8640645 00 00 05 0.0
53405477 00 3038260 00 05 00
53405486 8640645  303826.0 0.0 05 0.0
_dd Mesh ID 53405459
Dairy cow manure 864064.5 kg/year
Beef cattle manue 303826.0 kg/year
Rice field 0.0 ha
Crop field 0.5 ha
Pasture 0.0 ha
Fig. 6-2 Setting the regional environmental data at former Yamada town to GIS data.
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{Manure treatment processes)

{Manure application processes)

N
Head of cows Manure treatment equipments
L] oo [0 Plastic house drying
[ - s00 [ Composting depot for solid
I - oo [___] Opened composting equipment
200 B Fermentation tank of vertical kiln type
B 00 I Fuification equipments

Transportation

——=- For compost application (cow)

* For compost application (beef cattle)

Fig. 6-3 Manure treatment system and compost distribution for manure application at current scenario.

(Manure treatment processes)

N

{Manure application processes)

-

Head of cows Manure treatment equipments
] oo B Pastic house drying
- = 500 - Liqui ¥ ;
quid composting equipment
B - oo
B -z00
I -s00

Transportation
=3 For urine collection (cow)
—= For comp pplication (beef cattle

Fig. 6-4 Manure treatment system and solid or liquid compost distribution for manure application at scenario 1.
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N {Manure treatment processes) {Manure application processes)
Head of cows Manure treatment equipments Transportation
[ oo [ Composting depot for manure —3— For manure collection (cow)
- - 5o —#- For compost application (cow)
- - 1100 —— For compost application (beef cattle)
Il - 200
I -3100

Fig. 6-5 Manure treatment system and compost distribution for manure application at scenario 2.

{Manure treatment processes)

{Manure application processes)

=

N
Head of cows Manure treatment equipments
[ oo Bl Biogas plant
[ - s00 [ Plestic house drying
I - noo I Liquid composting equipment
B -200
Il -300

Transportation

—3— For manure collection (cow)

—#= For digested slurry application (cow)
—= For compost application (cow)
~—p= For compost application (beef cattle)

Fig. 6-6 Manure treatment system and compost or digested slurry distribution for manure application at

scenario 3.
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10.0

A Application

Transport for application

x
o

SN
o

>
o

N
o

Total greenhouse gases emission at manure treatment
and application system [1000 tons CO,eq /year]

<
<)

Transport for collection

Mnure treatment

O Construction

Current scenario

. D
Scenario 1

. 2) 3
Scenario 2 Scenario 3 )

1)The scenario for minimization total cost at manure treatment and application system. (Plastic house drying + Liquid composting equipment)

2)The scenario for minimization total GHGs emissi

at manure treatment and utilization system. (Composting depot for manure)

3)The scenario for using a centralized biogas plant and minimization total cost.
(biogas plant + Plastic house drying + Liquid composting equipment)

Fig. 6-7 Comparison of comprehensive greenhouse gases emission at all scenarios.
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Current scenario

. ]
Scenario 1

. 2) 3
Scenario 2 Scenario 3 X

1)The scenario for minimization total cost at manure treatment and application system. (Plastic house drying + Liquid composting equipment)

2)The scenario for minimization total GHGs

ion at manure treatment and utilization system. (Composting depot for manure)

3)The scenario for using a centralized biogas plant and minimization total cost.
(biogas plant + Plastic house drying + Liquid composting equipment)

Fig. 6-8 Comparison of total cost at all scenarios.
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Table 6-1 Comparing the effect of environmental
impact and total cost at each scenario
with current system.

GHG emissions Cost
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Summary

|, Introduction

The purpose of this paper is to evaluate the environmental impact at a livestock manure treatment and
utilization (management) system from life cycle approach.

Livestock manure management includes environmental problems such as odour from manure, nutrients
effusion from manure treatment or lack of treatment equipments, and greenhouse gases (GHG) emissions
from manure management. Some technologies have been developed for preventing environmental emis-
sions such as automatic composting system, multistage purification system and methane fermentation
system. However, these technologies include some environmental impacts (ex. GHG emission from energy
consumption, eutrophication impact from effluent) for reducing environmental problems at manure manage-
ments. Therefore, the evaluation was required that will be able to assess whole systems of manure
management with various emissions to reduce environmental impacts at total system.

The life cycle assessment (LCA) method has been applying to assess environmental aspects on products
or service for product development or improvement. LCA assesses the environmental aspects and potential
impacts throughout a life cycle of products (i.e. cradle-to-grave) from raw material acquisition through
production, use and disposal.

The work of this paper is to evaluate energy balance and environmental impacts at a livestock manure
treatment and utilization system from life cycle approach. Chapter 2 evaluated energy balance at the
manure management system using farm scale biogas plant from life cycle approach. Chapter 3 evaluated
energy balance at the manure management system using composting system from life cycle approach.
Chapter 4 assessed environmental impacts at various manure treatment system on swine manure using LCA
method. Chapter 5 assessed environmental impacts focused at manure spreading technique of manure
management system on dairy farm using LCA. Chapter 6: as discussion of these studies, tried applying LCA
method to evaluate environmental impacts at regional manure management system, and suggested some
substitute systems for reducing environmental impacts from life cycle approach.

2. Evaluation of a farm scale biogas plant from the energetic point of view
The biogas plant is considered as a facility for livestock manure treatment and electric power generation
because it can treat manure under anaerobic digester and generate electricity and heat from biogas.
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However, previous study had little attention to the energy productivity at biogas plant from life cycle
approach.

The purpose of this study was to evaluate energy balance at the biogas plant system from life cycle
approach. The object of evaluation was a biogas plant at the Rakuno Gakuen University (RGU) and farm
scale biogas plant. The farm scale biogas plant model was assumed from the system of the RGU biogas
plant.

The energy input-output of biogas plant system was evaluated from comparing fossil energy inputs (i.e.
construction, operation and maintenance) to available energy outputs (i.e. generated electricity and heat
from biogas and the energy value of digested slurry). The energy pay back period was calculated from
energy inputs and outputs for feasibility of biogas plant.

The energy pay back period at the case without digested slurry utilization was calculated 59 and 7 years
at the RGU and a farm scale biogas plant respectively. The energy pay back period at the case of
considering digested slurry utilization effect was 15 and 3 years at the RGU and a farm scale biogas plant
respectively.

The evaluation of energy balance at biogas plant from life cycle approach indicated that the utilization
of digested slurry as fertilizer is the indispensable element for practical feasibility at the biogas plant.

3. The effective distance of the compost application for chemical fertilizer substitute from the energetic point of view

The manure utilization has a problem at the nitrogen balance at excessive manure application to land.
This nitrogen unbalance was caused by livestock farming which was developing intensively without land for
manure application. Therefore, it required transportation for applying composted manure (compost) with
adequate nitrogen to land. However, it is clear that the long transportation to manure application increases
fuel consumption, and it has potential of environmental impacts from fuel consumption more than effective-
ness of manure application.

The purpose of this study was to evaluate energy balance of manure utilization from life cycle approach.
It compared energy consumption of the manure utilization (i.e. composting, transportation and spreading) to
the chemical fertilizer utilization (i.e. production, transportation and spreading) based on applying nutrients
equivalent (supplying N, P,0Os; and K,O for the land equally). The effective distance from energy balance
was applied as an indicator to evaluate effectiveness of manure utilization with transportation.

The evaluated manure utilization system was compost depot at farm scale composting utilization system
(compost depot) and centralized composting system (automatic composting equipment) for case study. The
effective distance from energy balance was 20 km at farm scale composting utilization system. It indicated
that the manure utilization with less than 20 km transportation was effective from energy balance at the
farm scale composting utilization system. On the other hand, the effective distance from energy balance
failed to apply the centralized composting system, because it required energy more than manure utilization
effectiveness of energy balance at the process of manure treatment.

Therefore, this study indicated the limitation of the transport distance of the compost utilization from
energy balance. And it revealed the availability of effective distance from energy balance for evaluation
of compost utilization from life cycle approach.

4. Comparison of the environmental impact in the swine manure treatment system by LCA method

The purpose of this study was to reveal the environmental impacts on livestock manure treatment systems
at pig-fattening. It was evaluated by life cycle inventory analysis and impact assessment.

The composting system had impacts of global warming and acidification. It was assessed that the global
warming impact from composting system were influenced by gas emissions from energy consumption as
much as CH,, N,O from treated manure. The liquid composting system and purification system had
impacts of global warming more than manure composting system. It was caused by N,O from N of liquid
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contents. Especially, it revealed that NH; emission has impacted acidification at the liquid composting
system and drainage has impacted eutrophication at the purification system. The impact of global
warming from methane fermentation was the lowest in these treatment systems. It was about 20 % of
other systems at global warming impact, because the effect of closed system with anaerobic fermentation.
But, it had impact of acidification by NH; emissions from opened storage tank for digested slurry.

Therefore, this study revealed the characteristics of environmental impacts of each system by the
comparison of environmental impact with LCI analysis, and it indicated that manure treatment system
included environmental impacts for variant impact category.

5. Environmental impact of manure spreading technique in manure management system by LCA method: comparison

with composting and biogas plant systems

The purpose of this study was to evaluate the environmental impacts of manure utilization system at
biogas plant compared to composting system (composting depot) and separating system (solid composting
at depot and liquid composting at slurry store), using the life cycle assessment method. Especially, the
evaluation focused on environmental aspects at the manure application (manure spreading) system.

The global warming potential (GWP) was estimated 346t-CO,eq at composting system, 625t-CO,eq at
separating system and 86 - 90t-CO,eq at biogas plant. It showed that the biogas plant was relatively low
GWP for manure utilization system regardless of types of manure application. The acidification potential
(AP) was estimated 10t-SO,eq at composting system, 18t-SO,eq at the separating system, 13-24t-SO,eq at
biogas plant, and the emission which gave the largest impact was NH, (98-999%) at all systems. Especially,
the large part of NH; emission from the biogas plant was caused at digested slurry application process. It
considered that biogas plant includes trade-off between manure treatment and utilization process, and
between global warming and acidification impacts. However, the AP impact was decreasing with the
digested slurry application at band spreading attachment or shallow injection attachment compared with the
case of splash plate attachment.

These results led to the conclusion that the biogas plant prevents global warming gas emissions, and the
digested slurry application with band spreading attachment or shallow injection attachment was a necessary
condition for decreasing AP impact (NH; emission) for the biogas plant utilization.

6. Discussion

6.1 A case study applying LCA to improve regional livestock manure management system (Yamada

town)

The purpose of this study was to consider regional livestock manure management system with low
environmental impacts by LCA method and total cost quantification.

The object at this evaluation focused on manure management system at dairy farm in Yamada town,
Chiba prefecture. The evaluation applied scenario analysis to compare the global warming potential and
total cost at present system and some scenarios, and to consider the alternatives. The process model which
applied evaluation included the regional environmental data (i.e. amount and distribution of cow manure,
nitrogen required, road distance) on geographic information system (GIS). It used RCACAO for scenario
analysis to calculate selection technologies, system location and route of manure transportation. It was
software for optimization using linear programming and integer programming.

It calculated global warming impact and total cost at present system and some scenarios respectively.
The evaluation made planning of manure treatment and utilization system with detail of equipments,
location and the range of manure collection and utilization. For example, the system was using drying
plastic house and liquid composting equipment individually at the scenario minimizing total cost. It
decreased greenhouse gases (GHG) 240 t-CO,eq/year and 51 million yen/year compared with present system.
It revealed that the system using biogas plant maintained high cost-effectiveness (80 kg-CO,eq/yen) for
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decreasing GHG emission. As the results, it suggested the manure management system using centralized
biogas plant for dairy farm located west side in Yamada town was effective alternative system for reducing
GHG emission.

6.2 Application of life cycle approach to reduce environmental impact on livestock manure management
system

The environmental impact from manure management was caused by several processes, and included
trade-off into processes and impacts. It is difficult for farmer and agricultural administration to make
action for preventing environmental impacts, because these environmental impacts include complicated
environmental aspects. Furthermore, it takes high cost for constructing manure management equipments.

The construction of manure management system with low environmental impacts is to consider potentials
of decreasing environmental impacts comprehensively and cost effectiveness. The life cycle approach is a
necessary method to support the consideration of understanding environmental impacts from manure
management system, because it can indicate the environmental aspects quantitatively and comprehensively.
For example, it can reveal feasibility from energy balance on technique or equipments or system for
improving environmental impacts, as the life cycle approach at chapter 2 and 3. The study chapter 4 and
5 could indicate environmental impacts quantitatively on each process or each material by LCA. Further-
more, chapter 6 the case study of applying LCA and total cost evaluation to regional livestock manure
management system could support for considering alternative system with quantitative reduction of environ-
mental impacts and cost effectiveness.

From these studies, this paper could reveal the availability and importance of applying life cycle approach
for improving manure management system with low environmental impacts.



