CRYBR T BIF 78 23 k.

Vol. 56. p. 29~35 (2008)) 29

& L VD SRR S ToO ALK F A O

Wi =

Voghk mY T LY. OKHMIE#ET,

T iEF e

e T s

E

FliE By A TRIBR YT IRIE T &

The Calculation of Carbon Dioxide Emission Intensity from Sugarcane to Refined Sugar

Kouzou Hatrorr", Akira Suzuki”, Tadashi EBasHr”

, Masataka OTA”, Kunimitsu Sato”

YEnvironmental Management Division, Mitsui Sugar Co., Ltd.

(2-8-2 Nihonbashi-Honcho, Chuo-ku, Tokyo 103-8423)

“Quality Management Division, Mitsui Sugar Co., Ltd.
(2-8-2 Nihonbashi-Honcho, Chuo-ku, Tokvo 103-8423)

¥NPO International Resource Use Society

(10 Suchiro-cho, Yokkaichi-shi, Mie 510-0052)

FAEDHE B OB
W~ A A N AT A BEL,
BT ERERNLE kol £
M=K 2ADTA4 7L 2 LT A A N (LCA) #
FERL TS, LR A—H—13, Tl A—H—D
LRE O 7 A4 7% 4 7 v eko ZELkFE (CO,) HE
WEEM AR Oy —2AbHTETWAS

ékﬁav-mwhw%¢é747%47wtu,é
£ EV O A OFR, P, HERE 251
R, WS w AANFITORLIETSH
o INLBEEBEIIBUREALM - =4V F— % 4
L., 207 —4% %312 CO, HEH BN % Br s T & 125
HL. %h%*m%b A B O R R o CO, PR
BFEMZENT LI, SEHEUHFNLFTREL
T e j’f’u':ﬂ'f\/‘%ﬁ‘, HEEpES T E LT ERET
BTS20 TE Y IEREICEEYT 2 2 2 2 BT
o Tl ELfOIA - EBHE LT HEH A R
%é:tmlb,MWWMMW&-%l?-ﬁ:XFﬂ
W A o OIS '&\wé&%xé

%@.bhbh@,@Z%t7fik®~kﬁa
5%0%%.Hbvﬁﬂ%(ﬁ%\%ﬁw%&W‘ﬁﬁ
HCO HEE Mo 2 ilA, FoEREHLZ 8
MTEL RIZZOFEREZHCT, ﬁ%ﬁgi@%&w
WZDOWTET L & % U CIEEALET & fii AKLRE 2 JFUKL &
L7-Hi sk o Co, ‘Hi:‘lﬁﬁqé{iff;ﬂlLLf__tf ¥ W b
DI+ I F =l oW T LI L 72D THIES 5 4.

FNOWLOBEY &2, %
ISO14001 FEAEH
PRSP COR

RAETE

2L EUHSE LRSI OWT, HERE Y L Tl
frafro7c HRIHENBEREZEEND 2 T, 54
AL IR =P BRSO E S TH L 7 L3
V= a =Gt 2 -8 e x5 & L7z,
iz BT, SR e RIE R A ERE G S s A
LR St o 2 /T DR 28 -
BT - OHUSERBER 2 2B 2 AYTH - =

a9 E

P F—EERES - BIEG - BRIl ouTHIH A
AT 720
AT, ZHEERZ LT = 2 =D

RET. T MRELETY IR T —
W FAT o 720 RRBEMLEOEBIZOWTIE, SR
PED 2 Ty AT,
%&W@ﬁ&?—?tomfﬁ.ﬂ$@ﬁ@%%&U
HRPEE 2 OFER (2005 ) GLBDOT -5, 54
iaAnvt—/;ﬁ—ﬁw$wm&&%amhﬂé%
D7 =¥ R L7
KL E UM EITIE, e - BRE - BRE - DUE
3 L f%;%hﬁvb7/7®%ﬂ HERR - {bef
Mokl - RS A IR - PRISHNCEAE U7z, HLRE T OV
#mEbh&b% TIALAEF - By - HK - iR - TR
BB - MR - PR - HEEYMIE R L TIET
BT 58 - =RV F =2 % L Lz (Fig 1),
B L) BB, MUDRRREE, RGO K ERNICB



MRdfiE =, &A=,

IAG 1B, KHIEZ,

EREFRE

Fertization Sugarcane cultivation ]

Agricultural chemicals ©=——>(Leveling land * Plantation - Cultivation etc.) >
Agricultural machme fu

<:1

Sugarcane harvesting,

1
=N e
|

<2:|

Sugarcane |
.

<):

Raw sugar manufacturmg

C:l

‘
I Raw sugar + Molasses I I

<::::1

C==>  Transportatio b\ldrrnldlgpom

C—>Transportation by marine 4T the domestic unloadin

— > Refined sugar manufacturing

J

| Refined sugar - Molasses | !
e o o = 2 e e 2 e _ﬂ_ ............. _II
Dis(rﬂxbmicn
Food factory - Home consumption
Fig. 1 System boundary chart
Transportation
8%
Agricultural
machine fuel
23%
Agricultural/ S
. Fertilization
chemicals 66%
3% ‘

Fig. 3 The composition ratio of LC-CO, in sugarcane cultiva-

tion, Thailand
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Fig.2 The composition ratio of LC-CO, in sugarcane cultiva-
tion, Tokunoshima
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Table 1 CO, emission intensity per sugarcane ton in sugarcane cultlvatlon

Small item Co th.).;:ﬂu;.jtuem Tol\unoahlma Thailand Source ¢l \
Large item | . Tokuneshima | Thailand | Asesemreg LL((};emaw:;‘..:: oo | LC-CO, emission amount !
Item name unit e
‘ kg-CO, /unit unit/ha '1C0 ltcane | % UP?F/}}?,,,‘k«‘(‘(’z/t'faﬂf-‘ %
Nelement . ke-N 3.11 3.57 239 | 135 186 1.7
P,O;element ,  kg-P,O; 0.88 1.02 106 1.7 111 2.0 *1
Fertilization K;0 element ‘ Ke-K,0 0.4 0.63 127 0.9 121 1.3
Compost  t-compost 70 — 0.7 0.9 — 0.0 *2
Subtotal 17.0 149 % 150 166 %
_ Herbicide | kgchemicals, 216 9.63 3.14 1.2 14 07 .
Agrlcu.l tural Others kg-chemicals 21.6 — 0.25 0.1 — 00 | I 3
chemicals
Subtotal 1.3 4 % 0.7 3%
New plantation Liter 262 1 262 181 8.6 66 3.0
Agricultural | Stock turnning out|  Lier | 262 | 262 80 38 18 08 “4
machine fuel | Harvesting Liter | 262 | 262 61 2.9 2 1.2
Subtotal | 322 153 |#4%| 109 51 |23%
Larg?ehem [ Ilt-;n name unit ng-CO_. 74 un}t unit/tcane i kgC0./\-cane | % unit/t-cane | kg-CO,/tcane K
Harvesting cane Liter 2.62 | 2.62 0.32 0.83 0.68 1.8 .
Tl'ﬂrsz:rm' Others Liter oz | 007 | o017 005 0.l ’
Subtotal 0.38 1.0 3% 0.73 1.9 8 %
Total (kg-CO,/t-cane) | 346 1100 %] | 227 [100%

*1: We used the fertilization coefficient of Tokunoshima from “Hisashi Kobayashi, Ryuichi Sagou: Eco-balance meeting No. 4 rejume collec-
tion” and these fertilization coefficient in Thailand were used from Table 2 in document (6)
"2: We decided these coefficient by results of hearing from two compost factories in Tokunoshima and Isen town.
“3: ¥ Life cycle energy for each active ingredient of agricultural chemicals used in the vicinity of the raw sugar factory are described in the
following, so we used this data and calculated LC-CO, emission coefficient.
Dr. Michael S. Graboski “Fossil Energy Use in the Manufacture of Corn Ethanol” PP. 91 August 2002
http://www.ncga.com/ethanol/pdfs/energy_balance_report_final R1.PDF
< We cannot research about the emission coefficient of agricultural chemicals 1n Tokunoshima, so we used the coefficient of Table S-1
in document (6).
*4: We used the same fuel emission coeffient as the Ministry of the environment making public, when same kind of oil were used both in
Tokunoshima and in Thailand.
*5: A column in others transportation is vacant because gasoline was used in part of transportation.
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Table 2 CO, exmission intensity per raw sugar ton before arrival of refinery

Tokunoshima Thailand
0, 0,
Item Content Amount of CO, | % Amount of CO,| %
emission (Total of factory | emission ! (Total of factory
(kg/productt) | and transportation) (kg/product-t) | and transportation)
Raw material Sugarcane 272.5 88 % 152.9 75 %
Fuel/Electric power 9.8 1.5
Energy e o oo
Electric power supply — -39.7
Subtotal 9.8 3% -38.1 -19%
Materials of raw sugar lee ___________________________ 05 18 ______________________________________
manufacturing Other materials 0.5 : 1.2
Subtotal 1.0 0 % 3.0 2%
Total of raw sugar manufacturing 283.3 91 % 117.8 58 %
Land 1.7 374
TranSPOrtation forrrrmsrrmm s ool oo Lo
Marine 25.7 48.0
Total of transportation 274 9 % 85.4 42 %
Total 311 100 % 203 100 %
O Transportation
350
Total
51 OMaterials of raw sugar
w0 |- % . manufacuring
O Energy
3%
250 §
Total B Sugarcane
203
200 42% M Total after electric power
deduction
150 - 2%
88%
100
75%
50 |———
P .
Tokunoshima, the composition ratio of CO2 Thailand, electric power deduction -19%
emission intensity Thailand, llle.m.mp(‘)si(m\ -r:uin of CO2
50 enission mtenslly

Fig. 4 CO, emission intensity in raw sugar manufactuiring, Tokunoshima and Thailand
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Table 3 The composition of CO, emission intensity in refinery
(Average of two refineries in Mitsui Sugar Co., Ltd.)

| Large item Content ke CO,/productt | Ratio %
Raw material Import raw sugar 192.2
Domestic raw sugar 274 41.1 %
Total of raw material 219.6
Energy etc. Fuel/Electric power/Water 295.3 55.3 %
Submaterials of refinery Decolorizer/Salt etc. 10.0 1.9 %
Packing materials Polyethylene/Craft paper 6.6 1.2 %
Waste water treatment Chemicals of waste water 0.3 0.1 %
Others Transportation in factory 0.0 0.0 %
Waste Industrial waste 2.0 0.4 %
Total 534 100 %

Packing materials

1.2% Others
0.5%

Submaterials of refinery
1.9%

Raw material
41.1%

Energy
55.3%

Fig.5 The composition ratio of CO, emission intensity in re-
finery
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Table 4 The ratio of production-turning on energy about food
A B C D w| @
2| g
Predict dition bv th Turning on ene- | Production | The ratio of Pro- | & 5»
rediction co e &
Food name ..( 1on congilion By unit LC-CO, | gy (HHV) equiv- | nourishment | duction-urning € | &
piling method . ‘ >
dentcrude il | energy onenergy C/B | 5|
' g-CO./unit | kcal/unit | kcal/unit S
Flour The first prize storong powder . kg 7 520 1,816 3,680 2.03 11 #1
Improvisation chinese noodles | Type of fried bean curd kg 1,210 4,225 1,580 1.08 2 #1 |
Cooking improvisation chi Vol f addi i *
ooking improvisation chinese _0 ume of adding water Afood 152 531 431 0.81 3l
noodles 1 550ml per a food
P ion line in lar
Bread roduction line in large| 746 2,607 2,640 Lol | *1|#1
scale company
E tyle breakfast "
Typical breakfast menu uropean sie Breatiast | Feed | 1,200 4,190 2,040 049 |4\ #
for 4 persons
Cleaned rice Cleaned rice for ordinary family | kg 430 1,502 3,560 2.37 51 #1
Rice IH jer cooking rice (720 ml) kg 298 1,041 1,680 1.61 “6 | #1
Soybean oil with 1L bottle kg 1,420 4,960 9,210 1.86 1|41
Refined Th dicti 1 f
efined sugar le prediction volume o ke 598 1.844 3.810 208 #
(from sugarcane) this report ]
Source

“1 Lecture summary collections of researh society meeting in Life Cycle Assessment, Japan, (March 2007)
"2 "LICA of food and Index development for sustainable consumption” Report of Food's research society in LCA, Japan
"3 Lecture collections of lecture meeting in Food's research society of LCA, Japan (August 10 2007) pp 114

*4 Menu contents are toasts, salad, yogurt, coffee, fried eggs, derived from “Journal of LCA, Japan vol. 3, No. 3, July 2007 pp 162" We origi-

nally used “five correction supplement Japanese food standard ingredients label” to calculate nourish calorimeter.
*5 Untrodden science and technology society: Sustainable production and consumption report of Food's research meeting in LCA, Japan pp 5,

pp 8

- r . . * . . . e .
6 We used data about cleand rice derived from "4 and about rice derived from Consumer center in Nagoya. (average of 33 times measure-

ment frequencies) http://www.seikatsu.city.nagoya.jp/test/shibai/ MUSENMAI.pdf

#1 Five correction supplement Japanese food standard ingredients label. The Ministry of Education, Culture, Sports, Science and Technolo-

gy report (January 24 2005)
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Summary

Recently, consumers have become concerned about the global environment.

Refinery companies have been requested to calculate the carbon dioxide emission intensity from sugarcane to refined sugar.

In this study, we tried to calculate the carbon dioxide emission intensity from sugarcane cultivation to raw sugar manufacturing.

After this, when we established models for raw sugar country of origin and the composition ratios, we were able to calculate the

carbon dioxide emission intensity for refined sugar, using domestic raw sugar and import raw sugar.

When we compared the sugarcane cultivation of Tokunoshima (an island located south of Kagoshima City) with that of
Thailand, for carbon dioxide emission intensity, the results showed that the value of fertilization and agricultural machine fuel in
Tokunoshima was higher than in Thailand. As a result, the large part of carbon dioxide emission intensity of Tokunoshima and

Thailand are accounted for by sugarcane production and the remainder is accounted for by transportation.

Comparing Tokunoshima with Thailand, because electric power is sold to a power company by using baggase boiler in
Thailand, the value of carbon dioxide emission intensity in Thailand was a value of 203 kg-CO,/t-RS. In Tokunoshima the value
was 311 kg-CO,/t-RS, 1.5 times that in Thailand, because electric power is not sold in Tokunoshima.

Carbon dioxide emission intensity in refined sugar manufacturing was calculated using the values of raw sugar manufacturing

in Tokunoshima and Thailand as the models of domestic raw sugar and import sugar respectively. We calculated a value of 534 kg-

CO,/product sugar-t, as being produced by raw sugar and energy use.
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