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   Superabsorbent Polymers (SAP) has been mainly used for hygiene applications such 

as disposable diapers, sanitary napkins. Global demand for SAP reached over 2.5 

million tons. At present, polyacrylic acid and its derivatives have been mainly used as 

SAP, but they are produced from petroleum-derived isopropylene and need to be 

replaced by plant-based materials from the viewpoint of carbon dioxide reduction. 

   In this project, Green Earth Institute Co.ltd carries out the production of bio-based 

aspartic acid by fermentation and DIC corporation polymerizes it, producing alternative 

superabsorbent polymer, polyaspartic acid. Currently, aspartic acid is industrially 

produced from petroleum-derived fumaric acid and it would be the world-first green 

aspartate if the fermentation process become industrialized. Furthermore, polyaspartic 

acid is a biodegradable, environmental-friendly product whereas polyacrylic acid is 

non-biodegradable. 

   Green Earth Institute has developed fermentation process of aspartic acid using 

Corynebacterium glutamicum. The main purpose of the project is to improve the 

bacterial performance to the level, which enables industrial production, and to perform 

the scale-up experiments with the aim of commercial production. As the project 

achievement, the production performance with yield of 0.50 g/g, the concentration of 

40 g/L, the reaction time of 72h and purification yield of 0.8 g/g at the beginning of the 

project has been improved to that with yield of 0.90 g/g, the concentration of 50 g/L, the 

reaction time of 48h and purification yield of 0.9 g/g. We also succeeded in a scale-up 

experiment from a 10L Jar to a 90L fermentor.  

   DIC corporation succeeded in developing polyaspartate production process, using 

either bio-based aspartate produced by Green Earth Institute or petroleum-derived 

industrial aspartate. Molecular weights of both products were 60,000~80,000 and there 

were no significant differences between them. Both products absorbed ~200 times as 

much water as their own weight, whereas polyacrylic acid extracted from disposable 

diapers absorbed ~300 times as much water as their own weight. 
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˔ƫŞˑ�ɁƐ�Ȁ́�¢a 

 

3-2� qVkA  
 

3-2-1� qVHr	m@���% 
ɤͬħ�Ǒͻ�z¢͙Ɖ¼¾Èá¦øͧ�˷za 

 
͖  1� ͙Ɖ¼¾Èá  

ϙ˨ ͬħǑͻ͙Ɖ ʒΎǑͻ͙Ɖ 

͙Ɖƀ Ñ«° SAP ˯Š SAP 

ďʀ ̙k��˘Μ 

ɿș̛͜ Þê©¾Òé´ïγ Na Þê©µêëγ Na 

 

ͬħǑͻ͙Ɖ� Ñ̀«°ß¾˚ɨ�Þê©¾Òé´ïγ Na ̕ SAPϬēøÑ«

° SAPϭ�x`ʒΎǑͻ͙ƉϬÚñ¾é«ïϭ�`˯ʚ˚ɨ�Þê©µêëγ

̕ Na ̕ SAPϬēø˯Š SAPϭ�z¢a��x`�� � SAP �˘Μ�̙k�

��φǈz¢a��`Ͷɱ̌Ƙ�`ůɥɈ�ͶΥ`ƜƟŐ˘`ɤͽ�͙Ο`

͙Ɖ�͙Ο`ΐΙk��ǵɸˌň˓�z¢a�k`̙k���͙Οl ģ˘ʎ

ψ�τx��`ͬħǑͻ͙Ɖ�ʒΎǑͻ͙Ɖ�ſ̆�ʇ̹¦ˣ˒z¢�Ĕǈx`

ſó�Ǣ˻�Ȕǈv£¢��`ͶɱǑͻƲ�z¢a 

 

3-2-2� m@���%�N�Xl 
̙k��Ő˘ɖ�ˣ˒z¢ƃʔʇ̹a 

 



 ϴϵϹ 

3-2-3� Xl=3>
D_"+. 
ʇ̹Ũĝ�`˯ Š SAP 1kg mˣ˒z¢ƃʔʇ̹�x�aÑ«° SAP �˯Š SAP

��~�Ɖmſ̆�̳j £¢Ϭ~��i�Ɖ¦˨Ȭxćɼ�kh�ςˣ

¦ǉɌϭt�l `˯ Š SAP � Ñ̀«° SAP �ƦʷÖíñ� SAP 1kg �g¢a

��x`˯Š SAP �ˡ�¡Ñ«° SAP ��˖Ŋ͢ȑmg¡`ǵɸØíÀ¾�k

h�ɟŞ�êº«µë�n`ƜƮɁ̓ɥ̆�x�ŅŐ˘�n�ƨŽ��ʇ̹�

Ǥmˣ˖z¢ƨŽ�g¡i¢ačƔ�̉ǈ��Ɏɤ�̙k���ň˓�˒ˎ¦

Ί�j�ǵɸØíÀ¾�˅ŭň˓¦Ȕǈx�k¡̳ȗx�h�ha 

 

3-2-4� ���%Ee 
(�"���*"+.B 

ŕŉd͙Ɖ¼¾Èáe¦ʵ�z¼¾Èáƫ˝¦ʖǈx�aÑ«° SAPϬƙÿϽ

ͬħǑͻ͙Ɖϭ�˯Š SAPϬƙÿϽÚñ¾é«ïϭ�é«Öº«µëÖíñƙ

¦ēø�˷za~£�£�é«Öº«µë�Ͱ̝��h��`ʉϙēυ�ʹɒ

z¢a 



 ϴϵϺ 

 

ƙ ϶[ϴ� Ñ«° SAP �˯Š SAP �é«Öº«µëÖíñƙ 
 

h; SAP 	bc 
Úñ¾é«ï��¢˯Š SAP �`©µêëγ¦ÞêßñŠx�Þê©µêëγ Na

�ɿșv£�h¢a©µêëγ�`Š˯ˈɈ¦ůɥɈ�x�k¡`ÌÖº`ØíÕìï

�h��ˌ¦̡�˖˗v£¢a˯Š SAP �`ɎɤƛŃ��Ƴp˖˗v£�k¡`̙

k��˘Μ�φ �hm`ɎɤƛŃ˖˗l�ɎɤƛŃϐ͜Ŋ�ǭσ 20 ôÊï���η

����h¢ [ƃʔȑʅ̺ǢɼĘ, 2019]a 

 

�'��%$ �

���

�������

u<OwoG �	��������� &!��-�2$"4�
�=;�

�u<OwsE�`xOws

E�Dn�_p�kg��D

5�Pl�RN���	��

u<OwM����
BW9f

�#�,1���

�#��(�

��\K

�/�4�hS

��
n

s|
c{ :j

eA

���

B[Wv}3hi hi c{ :j Q]3.���/

FC

FC

��
SAP

��

dMyz

hiI�^t6�

XZ

BbUT

+1)02hS
��
n

s|
c{ :j

Q]3.���/

��./~hS yz

eA

FCSAPhS

hiI

XZ

B[Wv}3hi hi c{ :j

dMyz

%*�hS

Jm

Jm

�u<OwsE�`xOws

E�Dn�_p�kg��D

5�Pl�RN���	��

u<OwM����

>�

'/+s|8Y

+-� !�8Y

'/+

���

+-

���

#+ �()!�

�@3rahS

��"�$&�#+ �$&
��7?BW

����
�*��

.���/

.���/

HLVq[8Y



 ϴϵϻ 

 
ƙ ϶[ϵ � SAP �ƛŃ˖˗η�ȶ˺�~�ḥ̂ĺ� [ƃʔȑʅ̺ǢɼĘ, 
2019] 

 

SAP �ƛŃâñ±ñƴȝ�g¢Ɏɤͣƽ�`©µêëγ˖˗̹Ś�ü˝̄ 3

ĝ`SAP ˖˗̹Ś�ü˝̄ 1 ĝ [Ɏɤͣƽ, 2015] �g¢m`~�˖˗Ǣ˻�ē

ø��k¡�g¢a 

 
ƙ ϶[϶� Ɏɤͣƽ�˖˗Ǣ˻ľğĶ [Ɏɤͣƽ, 2015] 



 ϴϵϼ 

 
ƙ ϶[Ϸ� Ɏɤͣƽ� SAP ˖˗Ǣ˻ [Ɏɤͣƽ, 2012] 

 

÷ͧɈ¦�¢�`©µêëγ� SAP �ſypƛŃ�˖˗v£�k¡`~�

ůɈ�g¢ÌÖº�xp�ůʚ�ʩƲl ΐĽx�h¢t�m˵Ͳ�n¢a~

t�`ɤͬħ��é«Öº«µëÖíñƙ�ɿ̍�Ǽ����`ʩƲl ΐĽ

x�ůʚ¦˘h�`ƛŃ�ÌÖº`ØíÕìï`©µêëγ`SAP ¦˖˗x�

h¢���x�a 

 

 �� SAP 	bc 
Ñ«° SAP �`˯Š SAP �ˡ�¡Þê©¾Òé´ïγ Na �ɿșv£¢aÞ

ê©¾Òé´ïγ Na � ©̀¾Òé´ïγ¦ĀůɈ�x�Þêßñ�g¢a��`

©¾Òé´ïγ�`¶ë¹ñ¾̆�̔ϡ¦ůɈ�˖˗v£¢aɤͬħ��`÷

ͧ�Þê©¾Òé´ïγ˖˗�©¾Òé´ïγ˖˗`� ��~£ �˖˗�

Ěiɤͽ�ǵɸˌň˓��h�Ö¯©¶é¬ïËÉñÃ¦˘h�aLCA �͡

˃�kr¢Ñ«° SAP �˯Š SAP �ƴn�Φh�`Ñ«° SAP �ĀůɈmŠ

˯ˈɈ���p`Ñ«°ß¾˚ɨ�Ģˌ�t��g¢a 

 

SAP 	7d-IW 
̦h�`SAP �Ā�˘Μ�g¢̙k���˖˗`Ő˘`ǵɸˎʜ��h�Ͷ



 ϴ϶ϳ 

ɱx�a 

̙k��� Ā̀�ÒëØ Ø̀é¾ÅÆµ S̀AP �ɿșv£¢a̤ ͥ��¢�`

2018 ǭ�kr¢̙k���˖˗η�`ăǯļ˘m 48 ôÊï`ƴČ˘m 39 ôÊ

ï�g¢ [̡ʰ˗ɼ˫, 2019]aăǯļ˘�Ā�ó͂ǋǴ�Ő˘v£`ƴČ˘�Ā

�ĎɌͨ�Ő˘v£¢aøƙ��i� ģ̀˘�Ěh̙k���εη�k�~ 4

Ĭ��¢�v£�h¢a 

 
ƙ ϶[1� ģ˘ŕȂ�̙k���̠ș [ƛƜċΝ˫, 2018] 

 

Ő˘v£�̙k���`ŕ̴���§��ǋǴ̕ó͂ǵɸˌ�x�`Ȃ̴�

��§��ćɼ̕ó͂ǵɸˌ�x�Ŵϋð˅ ŭň˓v£¢ƨŽmƳh [ƛƜċΝ

˫, 2018]a��j�`šʩΤ�Ͷɱ��`ΤŃ�d̙k��ek��d˖u�e

�ň˓ɋʝ��h�`Ǧ˛ɦŢŨĝ� 80%m˅ŭ`17ϫmƣ́`3ϫm~�Đ�

hiƔ̇��� [Ȉ˔ʶʤ˘ήĘ, 2016]a 

ģ˘ʰ�̙k���ŊŏƔŴðêº«µë�`h��̿ʛğìÚë�͞ʃ�

g¡��§�͔¥£�h�h [ƛƜċΝ˫, 2018]axlx`Ėơ �˱˾ćĤ�

�i�`SAP ¦Ƃ��k���êº«µëØíÀ¾�τz¢˱˾�Ρ� £�

k¡`ǔɨɖ˃��ͬħ�g£�ɻͫz¢ħįmg¢ØíÀ¾��¡��g¢ 

[Ėơ Ȋǆ, 2019]a 

  



 ϴ϶ϴ 

3-3� J}�C�J}o4M\  
 

ð�ɤͶɱ�ǿϗϝƤ�`ʓĮƱş�x�a 

ð�ɤͶɱ��`ǿϗͬħȝʝ�x� IPCC 2013 Global Warming Potential 100 

yearsϬŨĝϽkg CO2 eqϭ¦ģ˘x�a 

ð�«ïÚïÊêÉñÃ�Ɇ˓ðͥ̉`˔ƫǿϗ�̉ǈ�g���� L̀CA ɀȺ

ÂÖÊdSimaPro 9.0.0.29 ͇ͳˋe¦ģ˘x�adSimaPro 9.0.0.29 ͇ͳˋe�

� ɤ̀Ͷɱ�ģ˘x�dIPCC 2013 Global Warming Potential 100 yearsemʂʷ

�ǉ͗v£�k¡ �̀� Ĉ̀ʉÉñÃ�x�ģ˘x� LCI ÉñÃÚñ¾dIDEA 

V2.2e�°Ø¼çïÉñÃÚñ¾�x�ȼΏ�n¢t�l `ɤ LCA �ǉ

Ɍ�g����`Ωŋ�ÂÖÊ¬©�g¢�Ŏɉx�a 

 

3-3-1� o4Hrm@� �� SAP� 
ɤ LCA ��`Ǒͻ͙Ɖ�ģ˘ʎψ¦χh�é«Öº«µë�˔ƫǿϗ¦ͬħ

z¢��`ůɥɈ�ͶΥl ͙Ɖ�˖˗ØíÀ¾`~x�͙Ɖǵɸ�ØíÀ¾

�Ĩ¢ÉñÃ¦Ŵϋz¢a͙Ɖ�˖˗ØíÀ¾��h��`ůœóʉÉñÃ¦

Ŵϋz¢aºØé«Åñï÷�Ʋήćɼ̴��¢ůɈ�͙Ο��h��`Ĉ

ʉÉñÃ¦Ŵϋz¢aÑ«° SAP �˖˗��mʩƲ�͔¥£¢t�mȔǈv£

¢a~��� ů̀ɥɈ�˖˗�ȍ͜�ĈʉÉñÃ�~�ƜƟ���mɠ�xha 

 

3-3-2� ZvHrm@�h; SAP� 
Ñ«° SAP �ſʀ�ůɥɈ�ͶΥl ͙Ɖ�˖˗ØíÀ¾`~x�͙Ɖǵɸ

�ØíÀ¾�Ĩ¢ÉñÃ¦Ŵϋz¢a��x`óʉÉñÃ�Ŵϋx�haÑ«

° SAP�ˡ�¡`˯ Š SAP�é«Öº«µë�Μÿl Ɏɤ�˖˗m͔¥£¢a

Ɏɤ�˖˗v£¢ØíÀ¾��h��`Ɏɤ�ĈʉÉñÃ¦˘h¢t�mɠ�

xha 

 

3-4� 9OS2  
 

3-4-1� o4Hrm@� �� SAP�  



 ϴ϶ϵ 

ð�©¾Òé´ïγ͙ΟØíÀ¾`Þê©¾Òé´ïγ Na �˖˗ØíÀ¾�Ö

¯©¶é¬ïËÉñÃ�`˒ɖ˃��ǉϥ̆l ȶͥv£�ÉñÃÀÆÊ�

g¢a 

ð�©¾Òé´ïγ͙Ο�ůɈ��¢¶ë¹ñ¾�ůɈĢˌ�`Ê¬ãí¹¼¦

Úñ¾¼Ìê°�x�ͨǈx�a 

ð�ůɈĢˌ�˖˗ØíÀ¾��h��`ǉω�ćɼ¦ςƼx˖˗z¢ƜƟ��

��g¢t�mɠ�xhm`˒ɖ˃�˖˗Ɵ�ɢǈ�g¢t�l `Ɏɤ�

ÉñÃ�xp�ʩƲ�ó͂˦�˖˗Ɵ�ÉñÃ¦˘h�a 

ð�¶ë¹ñ¾�ůɈ`̟ ˗ØíÀ¾�ŞˑŠ��h�� ς̀ˣˎʜ¦̳ȗx�`

͚Ʌ�¼Ìê°¦ͨǈx�̉ǈ¦͔��a 

ð�ΐΙΉύ��h��`Ź̹�φ¡óʉÉñÃ¦Ŵϋz¢ɋι�g¢m`˖˗

Ɵmʖǈx�h�ht�l `˒ʎψ��ɢͥ÷�g¢a 

ð�ůɈĢˌ�˖˗�ĚiƜƟŐ˘ƱŠ�τx��`˖˗Ɵmʖ���h�ht

�l `˒ʎψ��ɢͥ÷�g¢a 

 

3-4-2� ZvHrm@�h; SAP� 
ð�˯Š SAP �ÑÆµ¶é¬ïËÉñÃ� IDEA ��l����`˯Š SAP ˖

˗�æÍÆÊØíÀ¾¦ŏΜɇːl Ŵϋx�ÉñÃ�Ģșx�a 

 

3-4-3� 5w 
ð�̙k���˖˗ʎψ`ģ˘ʎψ`ǵɸʎψ���`ͬħǑͻ͙Ɖ�ʒΎǑͻ

͙Ɖ�ſó�Ǣ˻¦�¡ſó�ʇ̹¦ˣ˒z¢�x�a 

ð�ǵɸň˓ɋʝ�τx��`100%˅ŭň˓¦Úñ¾¼Ìê°�x�m`čȂ

�`ŏ�ǵɸ¼Ìê°��h��̉ǈ¦͔iĆǈ�g¢a 

  



 ϴ϶϶ 

3-5� (�"���*�,$,�)6T�LCI�  
 

3-5-1� �.�<6��.�?LP\ 
/Y�.� 

©¾Òé´ïγ`Ñ«° SAP �˖˗ÉñÃ�`ćɼǉɌĸ�¡ȷĥv£�͙

ΟÉñÃ¦˘h�aóʉÉñÃ�ŵȅ̌Ƙ¦ēø�˷za 

 

 

ƙ϶[Ϲ� Ñ«° SAP ˖˗�é«Öº«µëÖíñƙ 
 

0Y�.� 
ɤ LCA ��`ºØé«Åñï÷�ήƉͶΥĺ�`͙ƉͿưĺ̆�ŵǸĺl

 �óʉÉñÃŴϋ�kt�¥�l����`~£ �ØíÀ¾��h��Ĉ

ʉÉñÃ¦˘h�aĈʉÉñÃ�`ůœ�x� SimaPro 9.0.0.29 �ǉ͗v£¢

IDEA V2.2 �Ƃ�£¢æÍÆÊØíÀ¾ÉñÃ¦ģ˘x�a��x`IDEA �æ

ÍÆÊØíÀ¾�ΩǼ���m�hƨŽ�`ŏΜæÍÆÊØíÀ¾¦Ģșx`

IDEA �ĈʉÉñÃ�÷ʦΠοv|�a 

 

3-5-2� ��)�~g 
o4Hrm@	8]Qj 



 ϴ϶Ϸ 

ͬħǑͻ͙Ɖ��h�`čȂǕĽŹ̹ȑ�g¢ŔʱɌ̈��h�`ēø�͖

�˷zϙ˨�«ïÚïÊê¦Ͷɱx�a 

 
͖  2� ŔʱɌ̈ϙ˨�Ŋϡ�Ńǌ  

Ǒͻ͙

Ɖ 

é«Öº«

µëʎψ 
ØíÀ¾ ŔʱɌ̈ϙ˨ 

Ñ«°

SAP 

ůɈͶΥ ¶ë¹ñ¾˖˗ ¹ñï¾ÊñÑñ˚ɨ¶ë¹ñ¾�Ő˘ 

˖˗ Ñ«° SAP ˖˗ 

©¾Òé´ïγ˖˗ 

˖˗ØíÀ¾�Şˑ 

Ñ«°ß¾ʌʲ˚ɨ�͍ʓ�ȣĽ 

˂γ©ïãÍ¬á ˂γ©ïãÍ¬á�Ē¥¡�`©ïãÍ©

ϮŠ˯ˈɈˈ˅˚ɨ CO2 �ɟŞŐ˘ 

 

3-5-3� o4Hrm@� �� SAP�bc 
ͬħǑͻ͙Ɖ�˖˗�«ïÚïÊê¦Ͷɱx�a͖ÿ�dÉñÃeŌ�įm

dXe�g¢ϙ˨� ÌDEA V2.2 �ΩǼ�æÍÆÊØíÀ¾m�l��a~£ 

�ϙ˨�`ŏΜæÍÆÊØíÀ¾¦Ģșx�a 

 

 �� SAP bc 
Ñ«° SAP ˖˗�æÍÆÊØíÀ¾�«ïÚïÊê�ēø�Ν¡�g¢a 

 
͖  3� Ñ«° SAP ˖˗«ïÚïÊê͖  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ͙Ɖ Ñ«° SAP 1 kg  

ĽŚ ĀůɈ ©¾Òé´ïγ 0.905 kg óʉÉñÃ 

ŗůɈ 

 

ʸƽ A ϓĿ͖� kg  

ʸƽ B ϓĿ͖ kg  

85%êïγ ϓĿ͖� kg  

NaOH ϓĿ͖ kg  

ɯʆŖ ϓĿ͖� kg  

âÃÏñë 1.539 kg  

ʔ 2.079 kg  

6N HCL(ˀǲ 20ϫ) 0.108 kg X 



 ϴ϶ϸ 

®Îë´ñ ϏŚ 0.2 kWh  

͍ʓ 3.69 kg  

ίǦ²¾ 0.103 m3  

ň˓ ǵʸƽ A êº«µë ϓĿ͖ kg óʉÉñÃ 

ǵʸƽ B êº«µë ϓĿ͖ kg óʉÉñÃ 

ǵâÃÏñëêº«µë 1.539 kg óʉÉñÃ 

ȱʔň˓ 2.432 kg  

ɤͽ ŠǂØéïÊ 4.00E-10 p óʉÉñÃ 

 

��`˒ʎψ�Ź̹�v£¢ϨŞˑ�©¾Òé´ïγ˖˗�æÍÆÊØíÀ¾

�«ïÚïÊê�ēø��k¡�g¢a 

 
͖  4� Ñ«° SAP ˖˗«ïÚïÊê͖ϬϨŞˑϭ  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ͙Ɖ Ñ«° SAP 1 kg  

ĽŚ ĀůɈ ©¾Òé´ïγ 0.905 kg X 

ŗůɈ 

 

ʸƽ A ϓĿ͖ kg  

ʸƽ B ϓĿ͖ kg  

85%êïγ ϓĿ͖ kg  

NaOH ϓĿ͖ kg  

ɯʆŖ ϓĿ͖ kg  

âÃÏñë 1.539 kg  

ʔ 2.079 kg  

6N HCL(ˀǲ 20ϫ) 0.108 kg X 

®Îë´ñ ϏŚ 0.2 kWh  

͍ʓ 3.69 kg  

ίǦ²¾ 0.062 m3  

ň˓ ǵʸƽ A êº«µë ϓĿ͖ kg X 

ǵʸƽ B êº«µë ϓĿ͖ kg X 

ǵâÃÏñëêº«µë 1.539 kg X 

ȱʔň˓ 2.432 kg  

ɤͽ ŠǂØéïÊ 4.00E-10 p óʉÉñÃ 



 ϴ϶Ϲ 

 

��!(�,ybc 
©¾Òé´ïγ˖˗�æÍÆÊØíÀ¾�«ïÚïÊê�ēø�Ν¡�g¢a

�k`©¾Òé´ïγ˖˗�kh�©¾Òé´ïγēƲ�ŉŚˌ�ň˓ØíÀ

¾�`z��t�ØíÀ¾�ÿ�ǁƞz¢a 

 
͖  5� ©¾Òé´ïγ˖˗«ïÚïÊê͖  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ͙Ɖ ©¾Òé´ïγ 1 kg  

ƴʓ��ȱ

ŉ 

ʤȑ˂ˈ˅ɖ�˩ȴȱŉ CO2 0.1833 kg  

ĽŚ ĀůɈ ¶ë¹ñ¾ 1.5 kg X 

ŗůɈ 

 

˂γ©ïãÍ¬á 1 kg X 

ãéÀ¾ 1 kg X 

28%©ïãÍ©ʔ 1.5 L X 

ʤȑ˂ 0.05 kg  

36N ˀ˴γ 0.9205 kg  

ʢʧ˘ʔΤʔ 53 L  

̘ʔ 30 L  

®Îë´ñ ϏŚ 0.352 kWh  

͍ʓ 0.00239 kg  

ň˓ øʔň˓ 80 L  

ǵʬň˓Ϭ©ïãÍ©ʔϭ 0.15 kg  

ǵʬň˓ϬãéÀ¾ϭ 0.01 kg  

˗ǵň˓Ϭ¹Îê͊ϭ 1 kg  

˗ǵň˓Ϭʤȑ˂ϭ 0.05 kg  

ɤͽ ŠǂØéïÊ 4.00E-10 p óʉÉñÃ 

 

��`˒ʎψ�Ź̹�v£¢ϨŞˑ�©¾Òé´ïγ˖˗�«ïÚïÊê�

ēø��k¡�g¢a 

 

 



 ϴ϶Ϻ 

͖  6� ©¾Òé´ïγ˖˗«ïÚïÊê͖ϬϨŞˑϭ  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ͙Ɖ ©¾Òé´ïγ 1 kg  

ƴ ʓ � �

ȱŉ 

ʤȑ˂ˈ˅ɖ�˩ȴȱŉ CO2 0.0733 kg  

ĽŚ ĀůɈ ¶ë¹ñ¾ 1.17 kg X 

ŗůɈ 

 

˂γ©ïãÍ¬á 0.62 kg X 

ãéÀ¾ 0.89 kg X 

28%©ïãÍ©ʔ 0.52 L X 

ʤȑ˂ 0.02 kg  

36N ˀ˴γ 0.34 kg  

ʢʧ˘ʔΤʔ 40 L  

̘ʔ 25 L  

® Î ë ´

ñ 

ϏŚ 0.32 kWh  

͍ʓ 0.00122 kg  

ň˓ øʔň˓ 65 L  

ǵʬň˓Ϭ©ïãÍ©ʔϭ 0.1 kg  

ǵʬň˓ϬãéÀ¾ϭ 0.01 kg  

˗ǵň˓Ϭ¹Îê͊ϭ 0.89 kg  

˗ǵň˓Ϭʤȑ˂ϭ 0.02 kg  

ɤͽ ŠǂØéïÊ 4.00E-10 p óʉÉñÃ 

 

6N HCL bc 
ˀǲ 6N � HCL �`ˀǲ 12N � HCL ¦ſğ˽�ʔ�Ǩδx����x�a

ƪγ�Ǎǲ�x��`1.18 g/cm3 ¦˘h�a 

 
͖  7� 6N HCL ˖˗«ïÚïÊê͖  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ͙Ɖ 6N HCL 2.28 kg  

ĽŚ ĀůɈ HCL 35% 1.18 kg  

ʔ 1 kg  

 



 ϴ϶ϻ 

`F A )���* 
ʸƽ A �êº«µë�æÍÆÊØíÀ¾�«ïÚïÊê�ēø�Ν¡�g¢a

øͧ�«ïÚïÊê͖�`ǵʸƽ A ¦êº«µëz¢�`ʸƽ A mƔŴ�n¢

t�¦͖za��x`ʸƽ A �͍˞ʌǤ�˅ŭv£¢���x`˩ȴȱŉv£

¢ CO2 η�`ǅľˈ˅¦Ȕǈx`ʸƽ A �ˈ˅ŠǂųȎǷ�¡ͥ̉x�a 

 
͖  8 ʸƽ A êº«µë«ïÚïÊê͖  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ Ɣά͙Ɖ ʸƽ A ϓĿ͖ kg  

ň˓ ͍˞ʌʲ˅ŭň˓ ϓĿ͖ kg  
ƴʓ��

ȱŉ 

͍˞ʌʲ˅ŭň˓˩ȴȱŉ

CO2 

0.9735 kg  

ĽŚ ň˓ ǵʸƽ A ϓĿ͖ kg  

 
͖  9 ʸƽ A CO2 ȱŉĨɅ�ͥ̉  

ϙ˨ ̉ǈǷ η Ũĝ 

ʸƽ A Ŋƿη ϓĿ͖ ϓĿ͖  

ĈγŠ˂̛Ŋƿη CO2 44  

ʸƽ A ǅľˈ˅ɖĈ

γŠ˂̛ŊƿɅ 

ʸƽ A Ŋƿ�˂̛Ʌ ϓĿ͖  

CO2 ȱŉĨɅ ϓĿ͖ ϓĿς kg CO2 eq/ kg  

 

��`ϨŞˑ�Ñ«° SAP ˖˗ɖ�kr¢`ϨŞˑ�ǵʸƽ A êº«µë�

«ïÚïÊê͖�ēø�Ν¡�g¢a 

 

 

 

 

 

 

 



 ϴ϶ϼ 

͖  10 ʸƽ A êº«µë«ïÚïÊê͖ϬϨŞˑϭ  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ Ɣά͙Ɖ ʸƽ A ϓĿ͖ kg  

ň˓ ͍˞ʌʲ˅ŭň˓ ϓĿ͖ kg  
ƴʓ��

ȱŉ 

͍˞ʌʲ˅ŭň˓˩ȴȱŉ

CO2 

0.686 kg  

ĽŚ ň˓ ǵʸƽ A ϓĿ͖ kg  

 

`F B )���* 
ʸƽ B �êº«µë�æÍÆÊØíÀ¾�«ïÚïÊê�ēø�Ν¡�g¢a

øͧ�«ïÚïÊê͖�`ǵʸƽ B ¦êº«µëz¢�`ʸƽ B mƔŴ�n¢

t�¦͖za��x`ʸƽ B �͍˞ʌǤ�˅ŭv£¢���x`˩ȴȱŉv£

¢ CO2 η�`ǅľˈ˅¦Ȕǈx`ʸƽ B �ˈ˅ŠǂųȎǷ�¡ͥ̉x�a 

 
͖  11 ʸƽ B êº«µë«ïÚïÊê͖  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ Ɣά͙Ɖ ʸƽ B ϓĿ͖ kg  

ň˓ ͍˞ʌʲ˅ŭň˓ ϓĿ͖ kg  
ƴʓ��ȱ

ŉ 

͍˞ʌʲ˅ŭň˓˩ȴȱŉ CO2 0.1848 kg  

ĽŚ ň˓ ǵʸƽ B ϓĿ͖ kg  

 
͖  12 ʸƽ B CO2 ȱŉĨɅ�ͥ̉  

ϙ˨ ̉ǈǷ η Ũĝ 

ʸƽ B Ŋƿη ϓĿ͖ ϓĿ͖  

ĈγŠ˂̛Ŋƿη CO2 44  

ʸƽ B ǅľˈ˅ɖĈ

γŠ˂̛ŊƿɅ 

ʸƽ B Ŋƿ�˂̛Ʌ ϓĿ͖  

CO2 ȱŉĨɅ ϓĿ͖ ϓĿς kg CO2 eq/ kg  

 

��`ϨŞˑ�Ñ«° SAP ˖˗ɖ�kr¢`ϨŞˑ�ǵʸƽ B êº«µë�

«ïÚïÊê͖�ēø�Ν¡�g¢a 



 ϴϷϳ 

 
͖  13 ʸƽ B êº«µë«ïÚïÊê͖ϬϨŞˑϭ  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ Ɣά͙Ɖ ʸƽ B ϓĿ͖ kg  

ň˓ ͍˞ʌʲ˅ŭň˓ ϓĿ͖ kg  

ƴʓ��ȱ

ŉ  

͍˞ʌʲ˅ŭň˓˩ȴȱŉ

CO2 

0.0396 kg  

ĽŚ ň˓ ǵʸƽ B ϓĿ͖ kg  

 

&��.*)���* 
âÃÏñë�êº«µë�æÍÆÊØíÀ¾�«ïÚïÊê�ēø�Ν¡�

g¢aøͧ�«ïÚïÊê͖� 1̀.3kg �ǵâÃÏñë¦êº«µëz¢� 1̀kg

�âÃÏñëmƔŴ�n¢t�¦͖za��x`âÃÏñë�͍˞ʌǤ�˅ŭ

v£¢���x`˩ȴȱŉv£¢ CO2 η�`ǅľˈ˅¦Ȕǈx`âÃÏñë�

ˈ˅ŠǂųȎǷ�¡ͥ̉x�a 

 
͖  14 âÃÏñëêº«µë«ïÚïÊê͖  

 

 

 

 

 

 

 

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ĈʉÉñÃ 

ŉŚ Ɣά͙Ɖ âÃÏñë 1 kg  

ň˓ ͍˞ʌʲ˅ŭň˓ 0.39 kg  

ƴʓ��ȱ

ŉ 

͍˞ʌʲ˅ŭň˓˩ȴȱŉ

CO2 

0.536 kg  

ĽŚ ň˓ ǵâÃÏñë 1.39 kg  

®Îë´ñ ͍ʓ 0.826 kg  



 ϴϷϴ 

͖  15 âÃÏñë CO2 ȱŉĨɅ�ͥ̉  

ϙ˨ ̉ǈǷ η Ũĝ 

âÃÏñëŊƿη CH3OH 32  

ĈγŠ˂̛Ŋƿη CO2 44  

âÃÏñëǅľˈ˅

ɖĈγŠ˂̛ŊƿɅ 

âÃÏñëŊƿ�˂̛Ʌ 1  

CO2 ȱŉĨɅ (44 M 1) O 32 1.375 kg CO2 eq/ kg âÃÏñë 

 

��`ϨŞˑ�Ñ«° SAP ˖˗ɖ�kr¢`ϨŞˑ�ǵâÃÏñëêº«µ

ë�«ïÚïÊê͖�ēø�Ν¡�g¢a 

 
͖  16 âÃÏñëêº«µë«ïÚïÊê͖ϬϨŞˑϭ  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ Ɣά͙Ɖ âÃÏñë 1 kg  

ň˓ ͍˞ʌʲ˅ŭň˓ 0.18 kg  

ƴʓ��ȱ

ŉ 

͍˞ʌʲ˅ŭň˓˩ȴȱŉ

CO2 

0.2475 kg  

ĽŚ ň˓ ǵâÃÏñë 1.18 kg  

®Îë´ñ ͍ʓ 0.81 kg  

 

�*�.�bc 
IDEA ��`Ɏɤ�kr¢¶ë¹ñ¾˖˗�æÍÆÊØíÀ¾�ǁƞz¢m`

ʩƲ�kr¢ϨŞˑ�¶ë¹ñ¾˖˗�æÍÆÊØíÀ¾�ǁƞx�haʩƲ

�kr¢¶ë¹ñ¾˖˗� GHG ȱŉη¦Ͷɱx��t¤`ɇː  [Ioannis 

Tsiropoulos, 2013]�įϬ0.7З1.2 kg CO2 eq / kgϭ��i� IDEA�ÉñÃ�įϬ1.46 

kg CO2 eq / kgϭ�¡�Ğhį����h�aɤͶɱ��`łğ˦�˖˗ƨȜ�

ʖ���k {`¶ë¹ñ¾�łğ˦�˖˗ɋʝ�ʖ���h�hm`GHG ȱ

ŉηm 1kg CO2 eq / kg �g¢�Ĕǈx`~�į��¢�iɎɤ� IDEA �¶ë

¹ñ¾�ĈʉÉñÃ¦ͶɆx�˘h�a 

 

 



 ϴϷϵ 

͖  17� ¶ë¹ñ¾˖˗«ïÚïÊê͖  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ͙Ɖ ¶ë¹ñ¾ 1 kg  

ĽŚ ĀůɈ ¶ë¹ñ¾ϬɎɤϭ 0.68 kg  

 

��`¼Ìê°Ŋɬ����¹ñï¾ÊñÑñ˚ɨ�¶ë¹ñ¾�«ïÚï

Êê¦ɇː�¡Ľȝx�a¹ñï¾ÊñÑñ˚ɨ�ƨŽ`¶ë¹ñ¾��l�

ϏŚ�˖˗v£¢aˣϏϏŚ��¡Ɣάv£¢ GHG ȱŉη�`ϏŚ�ĈʉÉñ

Ãl ͥ̉v£`~�į�¶ë¹ñ¾� GHG ȱŉηl ȵχv£¢a 

 
͖  18� ¶ë¹ñ¾˖˗«ïÚïÊê͖Ϭ¹ñï¾ÊñÑñ˚ɨϭ  [Felix A.et al.,  

2019]  
ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ͙Ɖ ¶ë¹ñ¾ 1 kg  

®Îë´ñ Electricity 5 MJ  

ĽŚ ĀůɈ Corn stover 1.5 kg X 

ŗůɈ H2SO4 0.03 kg  

NH3 0.02 kg  

Cellulae protein 0.02 kg  

Yeast 0.01 kg  

®Îë´ñ Natural gas 2.1 MJ  

Electricity 0.22 MJ  

 

corn stover ��h��`IDEA �ĈʉÉñÃm�l����`ŏΜæÍÆÊØ

íÀ¾¦Ģșx�acorn stover �`corn grain ��σ�ΰŊmȍ͜�g¢acorn 

stover�GHGȱŉη�ΰŊ��h�Ͷɱ¦x��t¤ G̀HGȱŉη 0.03~0.09 kg 

CO2 eq/kg �z¢ͷɇ [Seungdo Kim, 2009]�`0.2З1.8kg CO2 eq/kg �z¢ͷɇ 

[Thea Whitman, 2011]¦˵Ͳ�n�a��`Ȃ̴�ͷɇ�kh�`corn grain ��

Žͥ�Ǒz¢ corn stover �ΰŊϬηΰŊðħįΰŊϭ� 0̀.05З0.43 �g��a

ɤͬħ��`t£ �ÉñÃl� IDEA �kr¢ corn �˔ƫͼ͉ 0.52kg CO2 

eq/kg corn �̳ȗx�`corn stover �ΰŊ¦ 0.25 �xēø�͖¦ corn stover ˖˗

�«ïÚïÊê�x�a�k t̀�ɖ c̀orn stover �˔ƫͼ͉� 0.13kg CO2 eq/kg



 ϴϷ϶ 

�g¡`kk��ͷɇ�ó́z¢a 

 
͖  19� ¹ñï¾ÊñÑñ˖˗�«ïÚïÊê͖  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ͙Ɖ Corn stover 1 kg  

Corn grain 1 kg  

ĽŚ ĀůɈ Corn 2 kg  

 
͖  20� ¹ñï¾ÊñÑñ�ΰŊͨǈ  

ϙ˨ ΰŊ 

Corn stover 0.25 

Corn grain 0.75 

 

ay�,'�%bc 
˂γ©ïãÍ¬á� IDEA �æÍÆÊØíÀ¾mǁƞx�l��a~t�`˂

γ©ïãÍ¬á�«ïÚïÊêÉñÃ¦ŏΜ LCI ÉñÃÚñ¾ Ecoinvent2.0 �

dAmmonium carbonate {RER}| productione�¡Ľȝx`~£�£�ϙ˨� IDEA

�ØíÀ¾¦÷ʦΠοv|�a��xɤͽ��h��`ȂΗz¢ CO2ð©ï

ãÍ©˩ȴȣĽ¼Ìê°�ɧĕ¦~¤j¢���ĈʉÉñÃ��̗�r{Ʀɤ

Öíñ�x�a˂γ©ïãÍ¬á˖˗�«ïÚïÊê�é«Àï¾�τĨ÷ɤ

Ƨƅɛ�͖ͧx�ha 

��`¼Ìê°Ŋɬ����`©¾Òé´ïγ�˖˗�kh�`˂γ©ïã

Í©�Ē¥¡�Đ�ˈɈˈ˅l ŵȅx�ĈγŠ˂̛�©ïãÍ©¦˩ȴȣĽ

z¢t�¦Ȕǈx�æÍÆÊØíÀ¾�«ïÚïÊê¦Ģșx�at£ �ϙ

˨�Ʌį�`ŕΗ�˂γ©ïãÍ¬á˖˗�«ïÚïÊêl  CO2 �©ïãÍ

©��¦Ȩŉx����g¢��`ß¾Ñéï¾��£�h�ha��`CO2

�τx��`Š˯ˈɈˈ˅˚ɨ�ȱ²¾��¦Ő˘z¢t�¦Ȕǈx�a 

 

'(��bc 
ãéÀ¾�¶ë¹ñ¾�ſʀ� IDEA �~�æÍÆÊØíÀ¾�ǁƞx�m`

Ȋǟ˗�ãéÀ¾����� Ɋ̀��ͷɇ [Patel, 2014]l «ïÚïÊê¦Ģș

x�a 



 ϴϷϷ 

 
͖  21 ãéÀ¾˖˗«ïÚïÊê͖  [Patel, 2014] 

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ͙Ɖ Molasses 50.3 kg  

Sugar 91.4 kg  

Bagasse 6 kg  

Electricity 54.2 kWh  

ĽŚ ĀůɈ Sugarcane 1000 kg  

ůɈ Sulphur dioxide 1.5 kg  

Limestone 1.9 kg  

Sodium hydroxide 0.5 kg  

Superphosphate 0.1 kg  

Soda 0.03 kg  

Organic chemicals 0.01 kg  

Lubrication oil 0.6 kg  

Phosphoric acid 0.01 kg  

Water 30 kg  

ΐΙ Transport, sugarcane 12 tkm  

Transport, inputs 0.6 tkm  

 

ãéÀ¾�˖˗��ŀ͙Ɖmg¢��`ͷɇ�į¦Ő˘xēø��i�ΰŊ

x�a 

 
͖  22 ãéÀ¾�ΰŊ  [Patel, 2014] 

͙Ɖ η Ũĝ ŨĝǼ�¡ħɴ ΰŊ 

Molasses 50.3 kg 0.087 0.075 

Sugar 91.4 kg 0.546 0.851 

Bagasse 6 kg 0.043 0.004 

Electricity 54.2 kWh 0.076 0.070 

 

�,'��[bc 
©ïãÍ©ʔ� IDEA �æÍÆÊØíÀ¾��l���� ©̀ïãÍ©l ˖



 ϴϷϸ 

˗z¢t�¦̳j`ˀǲ¦ʔ�ͶɆz¢�i«ïÚïÊê͖¦Ģșx�a��

x`©ïãÍ©ʔ�Ǎǲ�x��`0.9g/cm3 [KISHIDA, 2019]¦˘h�a 

 
͖  23 ©ïãÍ©ʔ˖˗«ïÚïÊê͖  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ͙Ɖ 28%©ïãÍ©ʔ 1 kg  

ĽŚ ĀůɈ ©ïãÍ© 0.252 kg  

ŗůɈ ʔ 0.648 L  

 

tRs�;G#(,�� 
˒ɖ˃�ɤͽ��h�ʋ˵�óʉÉñÃ�ȡȹ�n�h�hm`˖˗ͨĲ

� Ecoinvent �kr¢dChemical factory, organics {RER}| construction e�ƴn�

Φh��h�Ȕǈx`Ecoinvent �«ïÚïÊê� IDEA �æÍÆÊØíÀ¾¦

÷ʦΠοv|�aIDEA �ĈʉÉñÃm̗�l�l��ϙ˨�`v �~�ϙ˨

� Ecoinvent �«ïÚïÊêϬRoWϭ¦ű̳�`IDEA �ĈʉÉñÃ�÷ʦΠο

v|�aŠǂØéïÊ͙Ο�«ïÚïÊê�é«Àï¾�τĨ÷ɤƧƅɛ�͖

ͧx�ha 

 

3-5-4� ZvHrm@�h; SAP�bc 
ʒΎǑͻ͙Ɖ�g¢Þê©µêëγÌÊê¬á̕ SAP �`IDEA �æÍÆÊ

ØíÀ¾��l���� ͷ̀ɇ [SANDERSON, 2003]�¡˖˗�«ïÚïÊê¦

ŏΜĢșx`~�«ïÚïÊê� IDEA �æÍÆÊØíÀ¾¦÷ʦΠοv|�a

͖ÿ�dÉñÃeŌ�įmdXe�g¢ϙ˨� ÌDEA V2.2 �ΩǼ�æÍÆÊØ

íÀ¾m�l��a~£ �ϙ˨�`ŏΜ˖˗�«ïÚïÊê¦Ģșx�a 

 

h; SAP bc 
˯Š SAP ˖˗�«ïÚïÊê͖�ēø��k¡�g¢a��x`ͷɇ�Éñ

Ã��`ģ˘x�ʔ�ȱʔň˓mƂ�£�h�h�̳j £¢��`1,753 ò�

ȱʔň˓¦ŏΜΘŜx�a��`©µêëγl  SAP ͙Ο�Ěiɤͽ�ŏΜ

ΘŜx�a 

 



 ϴϷϹ 

͖  24� ˯Š SAP ˖˗«ïÚïÊê͖  [SANDERSON, 2003] 

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ͙Ɖ Sodium poly-acrylate 1 kg  

ĽŚ ĀůɈ Acrylic acid 0.782 kg  

ŗůɈ 

 

NaOH 0.468 kg  

initiator [(NH4)2S2O8] 0.005 kg X 

water 1.753 L  

®Îë´ñ Electricity 7.830 MJ  

ň˓ ȱʔň˓ 1.753 kg  

ɤͽ ŠǂØéïÊ 4.00E-10 p X 

 

xiy�,'�%bc 
IDEA �ĈʉÉñÃm�l��Σ˴γ©ïãÍ¬áϬinitiator [(NH4)2S2O8]ϭ

�«ïÚïÊê¦ͷɇl ŏΜŵȅx�a 

 
͖  25 Σ˴γ©ïãÍ¬á˖˗«ïÚïÊê͖  [JAKOB, 2000] 

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ͙Ɖ (NH4)2S2O8 1 kg  

ĽŚ ĀůɈ (NH4)2SO4 0.429 kg  

H2SO4 0.578 kg  

®Îë´ñ Electricity 2 kWh  

 

3-5-5� IW-)���* 
ǵɸðêº«µëň˓�x��`˅ŭň˓¦Ʀɤ¼Ìê°�x�aɤͬħ�

� ǵ̀ɸʎψ�kr¢ CO2 ˩ȴȱŉ�kh� Ñ̀«°˚ɨ� CO2 �ͥ÷x�h

t��x�Ϭ±ñÝïÍåñÊéëϭa˯Š SAP �˅ŭɖ CO2 ˩ȴȱŉη�`

ǅľˈ˅¦Ȕǈx`SAP �ˈ˅ŠǂųȎǷ�¡ͥ̉x�ak���εηmģ˘

Ȃ̖ 4 Ĭ��¢�hiÉñÃl `1 ò�Ñ«° SAP ň˓�ȍ͜�ǵɸðêº

«µëň˓�εη� 4kg �x�æÍÆÊØíÀ¾�«ïÚïÊê¦Ģșx�a

˅ŭň˓�æÍÆÊØíÀ¾�«ïÚïÊê�ēø��k¡�g¢a 

 



 ϴϷϺ 

͖  26 Ñ«° SAP ˅ŭň˓«ïÚïÊê͖  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ƴʓ��ȱŉ ˅ŭɖ˩ȴȱŉ CO2 0 kg  

ĽŚ ň˓ ǵÑ«° SAP  1 kg  
ň˓ ˅ŭ�ň˓ƨ˚ɨ 4 kg  

 
͖  27 ˯Š SAP ˅ŭň˓«ïÚïÊê͖  

ĽŉŚ Ŋϡ ϙ˨ į Ũĝ ÉñÃ 

ŉŚ ƴʓ��ȱŉ ˅ŭɖ˩ȴȱŉ CO2 1.36 kg  

ĽŚ ň˓ ǵ˯Š SAP  1 kg  

ň˓ ˅ŭ�ň˓ƨ˚ɨ 4 kg  

 

˯Š SAP �˅ŭɖ� CO2 ˩ȴȱŉη�`˯Š SAP �ŠǂǷ�¡ͥ̉x�a

��x`εŽɅmŤŊ�ƴnh�̳j�ͥ̉¦͔��a 

 
͖  28 ˯Š SAP CO2 ȱŉĨɅ�ͥ̉  

ϙ˨ ̉ǈǷ η Ũĝ 

˯Š SAP Ŋƿη C7H5O6Na3 227  

ĈγŠ˂̛Ŋƿη CO2 44  

˯Š SAP ǅľˈ˅ɖĈ

γŠ˂̛ŊƿɅ 
˯Š SAP Ŋƿ�˂̛Ʌ 7 

 

CO2 ȱŉĨɅ (44 M 7) O 227 1.36 kg CO2 eq / kg SAP 

 

  



 ϴϷϻ 

3-6� (�"���*J}o4�LCIA�  
 

3-6-1� $.���)� 
Ʀɤ��¢¼Ìê°�kh� é̀«Öº«µë�ʎψŏ� GHG ȱŉη�Ńͪ

¦ēø�˷za��`Ñ«° SAP �ĀůɈ�©¾Òé´ïγ�g¡`~�©¾

Òé´ïγ͙Ο�Ńͪ��h��˷x�a 

 

 

ƙ϶[Ϻ� ˯Š SAP �Ñ«° SAP � GHG ȱŉη 
 

˯ŠSAP�Ñ«°SAP�é«Öº«µëGHGȱŉη� ~̀£�£5.00 kg CO2 

eq / kg SAP `10.24 kg CO2 eq / kg SAP ����aÑ«° SAP �`ǵɸʎψ�

GHG ȱŉηm˯Š SAP �ʒ��Ǘ�hóɋ�`͙Οɖ� GHG ȱŉη�ƴnp

���h¢aé«Öº«µë�Žͥx� GHG ȱŉη�Ñ«° SAP ��imĬ

ē÷ƴnht�mŊl��a 

 

3-6-2� ��)�6T 
Úñ¾¼Ìê°�`Ñ«° SAP ćɼςƼŕìÚë�ǉϥʎψ�kr¢ǿϗͬ

ħ̢ɭ�g¢ačȂ�ØíÀ¾�ŞˑŠ�ůɥɈ�Ϊǈ¦͝Ȱj`͚Ʌ�Ŕʱ

Ɍ̈¦Ω˘x�ƨŽ�¼Ìê°Ŋɬ¦͔��aŕΗ�ŔʱɌ̈ϙ˨�Ǒx�`



 ϴϷϼ 

ēø�͖�˷z�i�¼Ìê°¦ 4 �ͨǈx�aż¼Ìê°��`ſy͔�c

m�h�ŔʱɌ̈ϙ˨mǉɌv£¢t�¦Ȕǈx�a��j� ¼̀Ìê°ˠŻ 2

�`ŔʱɌ̈ϙ˨ A � B �ýɋ¦Ω˘x�ƨŽ�¼Ìê°�g¢t�¦˷x�

h¢a 
͖  29� Ñ«° SAP �ͨǈx�ŔʱɌ̈¼Ìê°ˠŻ  

ŔʱɌ̈ 

¼Ìê°ˠŻ 

ŔʱɌ̈ 

A B C D 

©¾Òé´ïγ

˖˗ðÞê©¾

Òé´ïγ˖˗

�ϨŞˑŠ 

˂γ©ïãÍ¬

á¦©ïãÍ©

ϮCO2 �Ēɜ 

Ñ«°ß¾ʌʲ

˚ɨ�͍ʓȣĽ 

¹ñï¾ÊñÑ

ñ˚ɨ�¶ë¹

ñ¾ 

1 _    

2 _ _   

3 _ _ _  

4 _ _ _ _ 

 

�k ¼̀Ìê°ϙ˨ABD�˘h¢«ïÚïÊêÉñÃ�ŕΗ��k¡�g¢a

¼Ìê°ϙ˨ C �τx��`©¾Òé´ïγ�Ñ«° SAP ˖˗�«ïÚïÊê

�kr¢d͍ʓe�ǿϗ¦ 0 �̳j����g¢aē÷�¼Ìê°ϙ˨�«ï

ÚïÊêl `¼Ìê°ˠŻ 1З4 �ǿϗͬħ¦͔��̢ɭ¦ēø�˷za 

 



 ϴϸϳ 

 
ƙ϶[ϻ� ŔʱɌ̈¼Ìê°ˠŻu�� GHG ȱŉη 
 

Ñ«° SAP � GHG ȱŉη�`żɌ̈¦ΩȎz¢u��įmĞøz¢t�m

¥l��a��`¼Ìê° 2 �˯Š SAP � 10ϫēŃ�Ǥ��Ğøx`¼Ìê°

3 � 4 ��`˯Š SAP �¡� GHG ȱŉη�Ǘ�h̢ɭ����ałğ˦��`

¼Ìê° 3 �Ǒ˯Š SAPϰ18%�g¡ ¼̀Ìê° 4 ��Ǒ˯Š SAPϰ44%���

�a 

̦h�`¼Ìê° 4 ��h�`Ñ«° SAP �ĀůɈ�g¢©¾Òé´ïγ͙

Οɖ� GHG ȱŉη¦ēø�˷za 

 



 ϴϸϴ 

 

ƙ϶[ϼ� ¼Ìê°ˠŻ 4 �kr¢©¾Òé´ïγ� GHG ȱŉη�Ńͪ 
 

¼Ìê° 4 �kh��`Ñ«° SAP �ĀůɈ�g¢©¾Òé´ïγ�ͼ͉�

0.73 kg CO2 eq / kg SAP �g¢m`~�Ńͪ�x��ŗůɈmƴnht�m¥l

¢a©¾Òé´ïγ�ĀůɈ�g¢¶ë¹ñ¾��h��įmß«Ì¾���

�h¢m`t£�`¹ñï¾ÊñÑñ˚ɨ�¶ë¹ñ¾˖˗�ω�ϏŚ�͚͙

Ɖ�x�ˣ˖x`~�ȵχ��¢���g¢a 

 

������ ��*�.u^-|��*�.u^�

CO2 ȱŉη¦®Îë´ñ΅ʶ����ϓ®Îë´ñ΅ʶ����Ŋϡx�a

IDEA �ƦɤÖíñEmissions, carbon dioxide (fossil), air, unspecified ��h�`®

Îë´ñ΅ʶ�ØíÀ¾l ˣ˖z¢��¦®Îë´ñ΅ʶ� CO2 ȱŉη�x

�a®Îë´ñ΅ʶ�ØíÀ¾�� ÌDEA �ØíÀ¾ƀ� energy ��h�h¢

ØíÀ¾�`~�Đ®Îë´ñ΅ʶ�̳j £� C4 distillate, naphtha cracking 

{JP} ̆óή�ØíÀ¾�x�a 

� Ŋϡx�̢ɭ¦ēø�˷za 

 



 ϴϸϵ 

 

ƙ϶[ϴϳ� CO2 ȱŉη�®Îë´ñ΅ʶ`ϓ®Îë´ñ΅ʶ�Ŋϡ̢ɭ 
 

˯Š SAP �`ľğ�i�®Îë´ñ΅ʶ� CO2 ȱŉηmƳp`Ñ«° SAP

�ćɼςƼŕìÚë��ſy�g¢aÑ«° SAP �`¼Ìê° 3 ēυ�ƴǪ�

®Îë´ñ΅ʶ CO2 ȱŉη�Ğøm˵Ͳ�n�aSAP Ũĝηg�¡� CO2 ȱŉ

η�Ǥ�`˯ Š SAP �¼Ìê° 4 � 2.19kg CO2/kg �g¢m ~̀�i�� 2.14kg 

CO2/kg m®Îë´ñ΅ʶ�Ǥ�g¢a  



 ϴϸ϶ 

3-6-4� CO28]:U 
˯Š SAP �ǿϗͬħ̢ɭ�ŕΗ�¼Ìê° 4 �kr¢Ñ«° SAP �ǿϗͬħ

̢ɭl `CO2 ŔʱŞɭ¦̉ŉx�aCO2 ŔʱŞɭ�˘h¢ŕȷɧĕ¦ēø�

˷za�k`ǿϗͬħ̢ɭ� CO2 ŔʱŞɭ��h��`®Îë´ñ΅ʶ�ϓ®

Îë´ñ΅ʶ�Ŋϡx�g¢a 

 
͖  30� CO2 ŔʱŞɭ̨η̉ŉ�ŕȷɧĕ  

ϙ˨ ŕȷɧĕ 

ŔʱɌ̈¼Ìê° ¼Ìê°ˠŻ 4 

ǉͫćɼ̟ąɖ˃�ǭσ˖˗η ͨǈx�h 

2030 ǭɖ˃�ǭσ˖˗η 20 ôÊï 

 
͖  31� CO2 ŔʱŞɭ  

 
 

ͬħǑͻ͙Ɖ¦Úñ¾é«ï͙Ɖ�̰nȸj�ƨŽ�é«Öº«µë�kr

¢Ŕʱη�`ǭσ 43.8 ô t CO2 �hi̢ɭ����a~���§��`®Îë

´ñ΅ʶ�Ŕʱη�g¡ ®̀Îë´ñ΅ʶ�ŔʱǪ�ǭσ 40.7ô t CO2�g¢a

®Îë´ñ΅ʶ�ŔʱǪmƴnh˓˚�x��`Ñ«°ʌʲ¦ʤ˘z¢t��

�¢͍ʓ�Ēɜ`��¹ñï¾ÊñÑñl ¶ë¹ñ¾¦˖˗z¢ω�͚͙Ɖ

�g¢Ϗʓ��¢ȵχŊ�Şɭmƴnha 
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 ϴϸϷ 

3-7� (�"���*nz  
 

ð�Ñ«°SAP�˖˗� Ñ̀«°˚ɨ�ůɈ��¶ë¹ñ¾¦˖˗x�h¢m`

~£ēƲ�ŗůɈ�g¢˂γ©ïãÍ¬á�âÃÏñë̆�Ñ«°˚ɨ�

��h��`~�ǵɸň˓�ˈ˅ɖ� CO2 ¦ȱŉx�k¡`ƴn�ÜÆÊ

¾ÞÆÊ����h¢at£ �ŗůɈ�ģ˘η¦Ğʱz¢êº«µëň˓

�ŞˑŠmʕ� £¢a 

ð�˒ƞ�Ñ«° SAP ˖˗ØíÀ¾�`ģ˘x�h¢®Îë´ñη�˯Š SAP

�ʒ��ƴnht�l `˯Š SAP ��imÑ«° SAP �¡� GHG ȱŉ

η�Ϩl��a���čȂÑ«° SAP ˖˗�kr¢żØíÀ¾�ŞˑŠ`

�¡˔ƫͼ͉�ĞhůɥɈ�®Îë´ñʶ�Ϊǈ���ż˼ŔʱɌ̈�Ǖ

Ľ�ȍϛ�g¡`~�ľ�¦ǕĽx�ƨŽ��`˯Š SAP �Ǒx�ϰ44%

�ŔʱŞɭmg¢t�m˵Ͳ�n�a 

ð�  

���� Ro4	{e�1K	p��
 

ɤͬħ��`ɢͬħ�ήŊēƲ��Ƴp�Ĕǈ�¼Ìê°mȔǈv£�h¢a

čȂ�ɻͫ�Ɓr�˒ʎψ��ͬħ�φ˝�čȂ�͵ϟ¦����a 

 
͖  32� ɤͬħ�φ˝�čȂ�͵ϟ  

͙Ɖƀ 
é«Öº«

µëʎψ 
ϙ˨ φ˝ð͵ϟ 

Ñ«°

SAP 

 

ůɥɈͶΥ ľğ ĈʉÉñÃ¦ģ˘x�̉ǈz¢��`ȍ{x�

ǉω�ͼ͉¦ųɔx�̉ǈ̢ɭ����h�h

Ź̹ȑmg¢a 

ƜƟŐ˘ ˒ʎψ��`ƜƟŐ˘ƱŠ�ͼ͉�ͬħ�n�

h�haÑ«° SAP �łğ˦�˖˗ƨȜ�ůɈ

Ģˌm˵ǈxʉ̄`˒ƞ�̉ǈãÉë�ΘŜz

¢ȍ͜mg¢a 

ΐΙ ˒ʎψ��`ΐΙ��h��ͼ͉�ͬħ�n�

h�haÑ«° SAP �łğ˦�˖˗ƨȜ�ůɈ

m˵ǈxʉ̄`˒ƞ�̉ǈãÉë�ΘŜz¢ȍ



 ϴϸϸ 

͜mg¢a 

¶ë¹ñ¾ ĈʉÉñÃ�˔ƫͼ͉�ÉñÃ��¡ 50%��

�Ǫmg¢a~���`��ĈʉÉñÃ¦ΪȦ

z¢l�̢ɭ�ƴn�Φhmŉ¢ačȂ˖˗Ɵ

�x�Ϊ�£�͙ΟƨȜ�kh�ͶΥx�¶ë

¹ñ¾�˔ƫͼ͉m`čƔ�˔ƫͼ͉�Ν¡�

�¢l���¥l �hačȂ`ǉω�˖˗ǉ

Ȗ�g��ÉñÃ¦ŵȅz¢ȍ͜mg¢a 

¶ë¹ñ¾ ¹ñï¾ÊñÑñ˚ɨ�¶ë¹ñ¾�«ïÚï

ÊêÉñÃ�ØéïÊ¼åàìñÃñl ȅ 

£�ȶͥį�g¢ačȂ`¹¾Ê̆�Ƃ��`

ǕĽ�ǉ˒ȑ¦ɻͫx`ͶΥǉȖ�Ŭx�Éñ

Ã�ŵȅðĢș¦͔iȍ͜mg¢a 

¶ë¹ñ¾ ƴη�Ñ«° SAP �˖˗¦͔��ω�� č̀�

�¹ñï¾ÊñÑñ¦ůɈ�x�ØíÀ¾mĐ

�˖˗ØíÀ¾�Ēɜv£¢Ź̹ȑmg¢t�

l `~�ƟƤ�kh�ˣ˖xi¢

Consequential �ǿϗ��h��Ͷɱmȍ͜�g

¢a 

ãéÀ¾ ˒ʎψ��`ãéÀ¾�ĈʉÉñÃ¦˘h�h

¢ačȂłğ˦�˖˗ƨȜ�kh�ͶΥx�ã

éÀ¾�ɿșˌ`˔ƫͼ͉mčƔ�˔ƫͼ͉�

Εȴx�����¢l�ùɒ�g¢ačȂ�`

�¡ǉω�˖˗ǉȖ�g��ÉñÃ¦ŵȅz¢

ȍ͜mg¢a 

ãéÀ¾ ãéÀ¾�ΰŊ��h�`ħįƦʷ��ΰŊ¦

kt���h¢m`ƴη˖˗ɖ�kh��`~

�ãéÀ¾¦ģ˘z¢t�m`���i�Đ�

̔ůɈ�Ƭ˗�ǿϗ¦új¢l��`

Consequential �ˣ˖xi¢ǿϗ��h��̳ȗ

mȍ͜�g¢a 

˂γ©ïã ˂γ©ïãÍ¬á�ȣĽ¦`©ïãÍ©ϮˈɈ



 ϴϸϹ 

Í¬á ˈ˅˚ɨ CO2 �ƄnΔ��Ēɜz¢Ƞ͕�ς

ˣΜ÷�g¡`čȂ�˖˗ǉȖ�g��ÉñÃ

¦ŵȅz¢ȍ͜mg¢a 

˖˗ ľğ 

 

Ñ«°˚ɨ�͍ʓ¦ȣĽ�n¢l�čȂ�Øé

ïÊͨͥ�Ħǁx�k¡`ǉ˒�n�ƨŽ�k

h��`~�ͼ͉�Áí��� �hŹ̹ȑm

g¢a 

˒ɖ˃��`ǉϥǊʎψÉñÃ¦ĸ�x�ȶͥ

į¦˘h�k¡`ƴ͞ʃ˖˗¦ǉɌx�ƨŽ�

Şˑ�ˡ���p¢Ź̹ȑmg¢ačȂ��¡

ǉω�˖˗ǉȖ�g��ÉñÃ¦ŵȅz¢ȍ͜

mg¢a 

©¾Òé´

ïγ˖˗ 

ʢʧðǵɸň˓���ĔǈmƳpʌ��h¢a

�¡ǉω�˖˗ǉȖ�g��ÉñÃ¦ŵȅz¢

ȍ͜mg¢a 

˯Š SAP ˖˗ ľğ ˯ŠSAP�ǿϗͬħ¦ǉɌx�h¢ɍǁ�˱˾

�͚Ʌg¡`˒ˎÚñ¾é«ï�x�h¢˯Š

SPA �ǿϗͬħ��ˡ�¢Ź̹ȑmg¢aĽȝ

Ź̹��¡Ƴp�ȓƧ¦űˆx`ƺǼ�į�ɚ

Ɋx�hpt�mȍ͜�g¢a 

ŀΝ ģ˘ ʇ̹ ɤ̉ǈ��`Ñ«° SAP �˯Š SAP �`εη

g�¡�ſ̆�ʇ̹¦ȫ�ŕȷ�̉ǈ¦͔��

h¢m č̀ȂÑ«° SAP �Ɖˍȑ¦Ί�j�

ͶɆmȍ͜��¢Ź̹ȑmg¢a 

ǵɸ êº«µ

ëðʇ̹ 

ƜƮɁ̓ɥ̆`˖Ŋ͢z¢ʇ̹¦ˣ˒z¢˘

Μ�êº«µëz¢¼¾Èá�ƫ˝ȪǺ�͔�

�h�hačȂ�Ñ«° SAP ¦ΪȦ˦�ƔŴð

êº«µëz¢t��ǉ˒ȑ�Ƃ��`ǵɸð

êº«µë�¼Ìê°ΘŜ��h��Ί�Δ§

�ɻͦmȍ͜�g¢a 

 

 


