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Biopolyethylene Furniture 3D Print Manufacturing Demonstration Project  
Results Report 2020, Summary 

 

Objective: To develop a method for manufacturing recyclable furniture by 3D printing using a compound of 

biopolyethylene and biomass-derived filler as an alternative to fossil resource-derived polyethylene, and 

implement lifecycle assessment based on that manufacturing method, with a view to disseminating 

biopolyethylene materials commensurate with cost and demonstrating a new resource recycling-oriented 

business. 

 
1. Development of technology for 3D-printable biopolyethylene compound pellets 

Last year’s development revealed that two types of biopolyethylene (PE) compound are effective in terms of 

interlaminar adhesion, contraction limitation, etc. and have the potential for compatibility with 3D printing. 

Concerning (a) long-fiber cellulose fibers, a kneading machine was used to improve the filler dispersion, 

while concerning (b) cellulose nanofiber (CNF) “modified cellulose”, improvements were made in terms of 

brittleness and coloring, and a compound that could be used in the 3D print manufacturing demonstration of a 

chair shape was obtained. However, a common issue observed in both (a) and (b) was brown coloring. 

From the results of (a), (c) the kneading method was modified by optimizing the length of the cellulose. On 

doing this, improvements were obtained in terms of the filler cohesion and coloring, making it possible to 

acquire a compound endowed with interlaminar adhesion and filler dispersion. Concerning the issue of 

coloring, a manufacturer that has unique technology for blending (d) paper powder was found, and on 

conducting a kneading trial with biopolyethylene, a compound possessing excellent dispersion and white 

color was obtained, although the contraction limiting effect was found to be diminished. 

In demonstration of 3D print manufacturing of full-scale chairs using these four compounds as the raw 

material, it was confirmed that the chair shape can be molded, however, in each of the cases, issues remained 

regarding either coloring, filler dispersion or the contraction limiting effect. 

 
2. Demonstration experiment concerning 3D printing of a chair shape 

Upon designing a chair shape model that integrates limitations of the 3D print manufacturing method with 

comfort, a total of 20 chairs were manufactured by large 3D printer using 3D print-compatible materials 

derived from the bio PE compounds developed in this fiscal year, and the 3D print chair design and 

manufacturing conditions commensurate with the characteristics of each compound were identified. 

Concerning two of the chairs, durability testing demonstrated that furniture industry standards are satisfied. 

Moreover, a manufacturing experiment was conducted using pellet materials recycled from the manufactured 

chairs, and this revealed issues and possibilities regarding the material recycling of 3D printed furniture. 

To achieve product-standard furniture, it is necessary to have a shape design and manufacturing method that 



is light and can shorten manufacturing time without compromising strength, effectiveness in terms of limiting 

the material coloring and contraction, and improvement of surface roughness, etc. arising from the filler 

cohesion. 

Moreover, in order to impart superiority over conventional products made by die molding, it is necessary 

to verify a method for designing and manufacturing customized furniture that makes use of a multi-variety 

variable 3D print manufacturing system. 

 
3. LCA verification and assessment 

This demonstration project has the following three characteristics resulting from introducing 3D printing 

instead of die molding to the manufacture of furniture. First, the 3D printer makes a contribution to 

decarbonization because it uses approximately one tenth of the electric power compared to die production. 

Second, because the 3D printer can conduct individual production unlike mass production, it can impart the 

new added value of mass customization to countervail rising prices of biomaterials. And third, whereas 98% 

of current polyethylene furniture is imported, 3D printers, which are inexpensive and quiet, can be easily 

deployed in Japan, thereby enabling carbon arising from international transportation to be reduced. 

Accordingly, this fiscal year, comparison of GHG emissions in chair product manufacturing was conducted 

for eight scenarios entailing combinations of the conventional production method (rotary die molding), 3D 

printing production method, different materials (petroleum-derived and biomaterials), different production 

volume, and number of product varieties. 

GHG emissions arising from energy sources and non-energy sources revealed that biopolyethylene furniture 

made by 3D printing can make a large contribution in terms of decarbonization (negative GHG), indicating 

that this is an extremely promising technology for realizing a carbon-free society. Since these calculation 

findings reflect figures from the manufacturing experimentation stage and include some estimate values, it 

will be necessary to further elaborate upon clarifying the target products for evaluation, alternative products, 

and the production and recycling processes. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Eight scenarios based on three axes 

1. Petrochemical PE x Die x Same shape/mass production 

2. Petrochemical PE x 3D printer x Same shape/mass production 

3. Bio PE x Die x Same shape/mass production 

4. Bio PE x 3D printer x Same shape/mass production 

5. Petrochemical PE x Die x One-part one-sheet/individual customization 

6. Petrochemical PE x 3D printer x One-part one-sheet/individual customization 

7. Bio PE x Die x One-part one-sheet/individual customization 

8. Bio PE x 3D printer x One-part one-sheet/individual customization 

 

Alternatives 
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１. 3D プリント可能なバイオポリエチレン・  

   コンパウンド・ペレットの技術開発   
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ģġ'.KNUƓ'�:�
đħ

-ĖŅĉ'ź¤�:�(�¡Ō*!4
żĦKNU}ė.ùÕ'�: 

vŹ^iPNĔ CNF .
ź¤ĖŅõ¯�'\@CZl>ţň
�é��

:ßŘ'�:!4
�?íĪĝĹ'\Bel�ŝŒ�:�īŒ�
}KN

U�>ũ3:(�ņà�ÙŌ
�Ù�o�:ƕyª 2ÏÐūƏƖ 
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	3&'�7T! 

� ôÏÐ-²¨'.\Bel�Ś(�!PgilN\@CZl
PgilNWY\@CZl

�+ūƏ>â�&�9
üÏÐ'.�;8-ţĒ>t*ĄŤƎĭ(�!�2!
Ɔõ\Be

l+Ɓ�:Ú²�ƈ>ŗ�
�ņĢkÇƀŖį�k�Ù-qĸ�*�;:î!*\BelŸ

¾>rŗ�&ł�:*�
ş��;! 2 Ķ-\BelƕĿ[DRl
Kj[DjV+7:

CNFƖ+%�&5Ũ�>ŗ$!� 

 

�; ;-Ġ×(ĄŤūƏ>oťř+ť�� 

PgilNWY\@CZl(vŹ^iPNĔ CNF) 

Ġ×kūƏ 
żĦ>şæ�!ź¤}KNU�ĄŤ 

ŝŒ�k�Ù-ZejN-(;!ź¤Ŧ¾ĄŤ 

 

PgilN\@CZlƕCFƖ 

Ġ×kūƏ 
đħ-ĖŅĉ'
żĦ>şæ�!ïĔ'-ź¤Ŧ¾>ŗ� 

�épő>ŧÁ�zo+à�:śŴþ{>ş�� 

 

wùî!+oť 2ĶkÉĔ-\Bel-ź¤ĄŤ5ŗ$! 

Ŀ[DRl 

Ġ×kūƏ 

 Ŀ*)�8�9��![g^ňŃ\Bel�fLCHg\Bel'�:

!4
Ĥ´ŭŕ�}�� 

PP *)>_lNý(�&ñ+Ĳĸ�;!ßŘ'�:!4}KNU��ù

Õ'�: 

ňŃŽ�İ�ƕĆĚ 30�mƖ!4
�ņà��Ā.�;2'ĄŤ�&�:

\Bel+Â�&�:�(�uÛ�;:� 

 

PgilNWY\@CZlƕKj[DjVĔƖ 

Ġ×kūƏ 

vŹ^iPNĔ(ĩ*9
ĖŅõ-WYţň�pŞ'�:!4œÎ-}K

NU�ĄŤ�¡Ō(ùÕ�;:� 

vŹ^iPNĔ¥ą
ĖŅõ-ŝŒ�k�Ù-ZejN-(;!Ŧ¾ĄŤ 

CNF-�ìŮ+7:KNUnòƕūƏƖ 
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üÏÐ+ĄŤ�!ZCF`fEShjkKj[DjV-ź¤�ÁmŢ>oť+ĳ�� 

� � �  

� �  

R l}mjd �� m &'�4/_DK5¾]�!�U	¿d

 12,13,14,15,24Ƙ vŹ^iPNĔkKj[DjVĔ+7: CNFź¤ĄŤ 

� � � � � � � � 16,17,19,20,21,22,23 : Kj[DjVĔ+7:PgilN\@CZl-ź¤ĄŤ 

� � �  � 18,25Ƙ Kj[DjV+7:Ŀ[DRl-ź¤ĄŤ     
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1}3. nv ±¶º©Z(+U	d

7T~d ¤·¹¼£«°��®¼¾�\±¹¤£;¿d d

ē [ăÜºnœċnŗ;�œµÚaœŗƁƓƗƂŴƊŁîĎŒļŧĹē

ē

  

� liljd d y{jlmjd �+¤·¹¼£ lp½¾#¿d d y{jlnjd �+¤·¹¼£ mk½¾�¿ 
 

īŒÐ>Ɠ4!ĖŅŦ¾+��&
�épőƕ�ĮÊƖ6
ƍÙ-}o+7:Ŏ�(�Į¢)

�Ű�!� 

 

  

� limjd d y{jlojd �+¤·¹¼£ lp½d

d

¸Æ
ŝŒ�>ŧÁ�
ƍÙk�Ù>Żš�!ź¤�°m�éÙ�ƋÌ+7�
ŴÓõ-ř

ƌ5½¾�&�:ƕ® 1�2¢Ɩ� 
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ē � linjd HPU	d

 

GelaNQlZTS-]hjV+7:ļóįŒŨ�>ŗ$!(�<
°m+įŒ�:�(

��ÿ!ƕ® 1�3oƘńŒ+įŒƖ��-Ĉō-ŝŒ+79
¸Æ��?"Œ©+*:� 

µÚaœŗƁƓƗƂŴƊĸ[ăÜºnœċnŗ;�ūîĎœŇőĽŌŁĸNo.14ý9Ł�ŢŤĽË�

œŕŏŌĹē

ē

 
� liojd d y{jlpjd �+¤·¹¼£ lqjn½d

 

No.14 +ŝŒ�>à�!ź¤>ũ�!�ƕNo.15Ɩ
�ņ�¹���!!4(® 1-4Ɩ
No.14

'ă»śŴ¿ƒ>ŗ��(+�!�  
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7T�d ¤·¹¼£°��®¼» º¯�ºª¾«¦¨�£;¿ 

ē Ē�ÏŁ7Õŕz�Ŗőĸ\ĒŃ�ÏŗĈŇĽĸģĚĚĵİ ŗżƒƔƗŻƊŭŰƇƗūŸƕƈűƕƂŇ

ŌĹ¤œE-ūŀńŧŌšĸàÚ1Ř�ŨŕĽŁĸ$wŁľşŃĽŏőĽŧŤľŒĸ6Ðs(0�Ř

ĒĽĹ�Pß÷ūÝŏŌœŅũdaëđŖő9�ŇŌĹÑÍŁ=�ŉŧœ´�Ňĸ÷fË�ŖNł

ŕgČū5ŞŉŁĸ¤Đ�¥BŕŔŒ�¥ūŀńŧŅœŒĸ�®7Õ¨oŖCjŉŧŅœŁ$ŀŏ

ŌĹē

ē

ē

� lipjd d y{jlljd ¤·¹¼£°��®¼¾uw¿okk|zok½d �>A,¾�¿d

d d d d d d d d d d d d d d d d d d y{jlljduwtkk|zok½À�?�B¾�¿d

d

d

� liqjd �>A,�²¸¨©�Z(����D<������M�a%������d

d

d d

� lirjd d y{jlljduwokk|zdok½d f#gd � nk½�$^¾�¿d d

d

�ņà��Ā. 30%ĵÐ-ź¤'��'�:�(�=�$!� 
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� lisjd d y{jlljduwokk|znk½��� nv ±¶º©6�SZ��G 

 

À�śŴÃžÀ+79
řƌ-ďŉĸ#.ŧÁ¡Ō(-Ũ�'
śŴ�;!ă».ÒÐŨ�

>ŗ�
3ŏ-�# 2ŏ.¤ā�!� 
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7T�d ¤·¹¼£°��®¼» º¯�ºª¾��¬¼¦¼�"��X.���;¿ 

ē �Ø¶ŕè�Ŗő�ÏūÝľŌšĸÿ~ŗŸŻƁ��Ł7ÕœŕŧzcĹ}`aŀťŗ�æŀť

ŗîĎœŇőĸG�$w1ŖîĎŁļŦĸ÷f~ŗÞĊŗ�ÒÄŎŁ´¬ŉŧĹē

ē�ÒÄŎŘĸŰƕƀƑŮß?œŇőŗû®ŗJ9ĸß?nƘbŧ�ū�ŐńŕĽƙŗã¢ŀťĸvA

ŁlčŒļŦĸ�ð�Ï�ŖŤŧ�aÏŦţĸ.EƄƗžƗœ�ð�Ï�ūÉŠ9ŪŋŌ�ÏŕŔ

ūëŇőĽŧŁä�Ŗ×ŏőĽŕĽĹē ŅŨşŒŗ�æŒŘĸīĲęĜě Łĸ6Ðs(ƖG�$wŗã¢

ŀť�ŢÙOŒŘļŧĹē

ē ē

� litjd y{jdlqjduwokk|znk½¾#¿d d y{jdlrjduwdtkk|znk½¾�¿d .�8d

ē ē ē

� lilkjd d y{jltjduwokk|znk½¾#¿d d y{jdmkjduwdnkk|znk½¾�¿d ¬¼¦¼�"d

d d d

� lilljd d y{jmljduwokk|Ánk½¬¼¦¼h.�8�"d

d d ē

� lilmjd d y{jmmjduwnkk|Ánk½¾#¿d y{jdmnjdnkkÀokk|Ánk½¾�¿d ¬¼¦¼h.�8�"d

d

ē ĞĚĚ ƎŰŷƔƏƗƁƒ��ŗÑÍĀū2$Ŗ<��ÏŒłŨřĸ2$ŕ6Ðs(œ[ăŗÜºū

úqŒłŧâóŠœŇő�Ï��Ɩ�Ï��ū�æŇŕŁťë�ūÌńőĽŧĹē
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7T�d J¯�¦¼» º¯�ºª 

�  Ŀ*)�8�9��![g^ňŃ\Bel'
fLCHg\Bel'�:!4
Ĥ´ŭ

ŕ�}��ñ+ PP_lNk3D^fjUz·-ħŲ+&śŴ¿Ň��:�}KNUśĔ��

8-ĄŤ'.�Ŀ[DRlź¤�
}KNUk°m�éÙ>qĸ�&�:� 

xï
3D^fjU¦�+Ŭë�;!\Bel'.*�!4
�ņà�k�Ù.pű��:� 

 

 
� lilnjd d y{jlsjd J¯�¦¼d fI) nk|zgd d mqjpe 

 

�ņà��Ā.
CNF,CF+Ď1}�
ŴÓ¡Ō*LCO+�Ƅ�Ŧ�8;:¡ŌÙ��:� 

  

� lilojd d y{jlsjd J¯�¦¼d fI) nk|zgd d f#gd d d y{jmqjdfI) lkk|z �gd nke¾�¿ 

 

\Bel-°m�é.őº'
ďŉĸ#.ş8;*��ľÔ-¹��ƕ100�mƖLj^g

'.
œÎ-řƌŔ;�38;:� 
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7T�d ¤·¹¼£«°��®¼» º¯�ºª¾*=L0;¿ 

� vŹ^iPNĔz·-ïĔ'
PP + CNF >Kj[DjV�ÿ:śĔ>�ħ�
CNF >

śŴÖ+ZCF PE+Kj[DjV�:ÞĔ>ĄŤ�!�ZCF PE_lN'5
CNF-°

m*Kj[DjV.¡Ō'�$!�ÖÉĵ'-ĖŅ'�:�
ĘÐŦ¾Ĺ>KjUilg�

:�('
ŝŒ�>}ė�*�8-ĖŅ�¡Ō'�$!�ñ+¿Ň-�: PP +��&.


6%ĵÐ- CNFěÐ'��*�ņà��Ā�ùÕ'�:(-�('�$!�
w¬Ÿ¾-Z

CF PE,SBC818'.
6%'.�ņ�¹��
15Ɣź¤'�ņà��'�!�!"�
�-

³¤'5�ì(*: CNF -KNUƌ�8
ĖŅ+7:ýìKNU.ƓƐ(*:şų�'�

:�CNF-�ā���+o�;/
Kj[DjV+7:ź¤��ÿ:�(.
KNUcfT

UkĥĦÙ¦n*)�Ĝ+%*�:� 

 

d

� lilpjd d y{jmojd *=L; uywlp½¾�¿d uywq½¾�¿d

d

  

� lilqjd d y{jmojd *=L;d uywq½¾#¿d uywlp½¾�¿d

 

PP'-¿Ň��: 6%ź¤'.�ņ�¹���&�:�w¬-ZCF PE_lN+��&.

15%ĵÐ-ź¤�Đ48;:� d
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1}4. ®��³¶�§¸º» º¯�ºª�N
+Vc  

ē ƌƗŻ�ÖŒļŧ ĭĥĦĢěĢ œĸ�P÷fê�Ł7Õœ&yņŨŌ ĝÂŗý9Ƙ�xīĲęēěėěĞėěĢėĜěƙ

ŖĸÔ�*ūý9ŇĸÔ�nëđūU{ŉŧĹġ `·eŗ�øëđĕěĜĠĚ ~ăĖŖŤŦĸZLV œ

Ňőŗ�®ûnū&yŉŧĹƇŰŴ ĬĨ ŗß÷]ÁŒŘĸŹƁűŶƉŕŔƇŰŴƎŻÆ�ŀťųſƓ

ƕū¬qŇŌhŗÝÁŘĸö_ŗ¼1 ĬĨ œ:ňŒļŧŌšĸH�¶ŖŘ1R¶nïŘKŪťŕĽ

œåŪŨőĽŧĹ�I>ŗ�ĆŒŘ ġ `·eŗ�øëđĕěĜĠĚ ~ăĖŁÈ	ŇŕĽŌšĸõ�Ë�

Ƙƚ`·eƙūI>ŉŧĹē

ē
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d �d �2@+�d

ē Ô�ëđ)ŗ%�¦n�ūÞěĶĝŖ¿ŉĹÔ�*ĮįıĳĴįıĞġģĕĥĤĭĩßĖē ĚęĝĔ�.ŒŘĸ¦nś

ŗgČŘŝŞâťŨŕĽĹē

ē

R l}nd N
Vc���2@+�d

ëđ²8 ěĘěĸěĘĜƘ�x īĲėěƙėēëđ²8ē ĜĘěĸĜĘĜēĕ�x īĲėěĞĖē

ëđ²8 ĝĘěĸĝĘĜēĕ�x īĲėěĢĖėē ëđ²8 ĞĘěĸĞĘĜēĕ�x īĲėĜěĖē

ē

�d ��������

ē ŻƗƈƗŶżƅƕűŲźƗƏƗŽƗŖŤŧ ĞġĜ ~ăƘZL�ĉ ě `ă·eƙŗëđhŗnÕūÞ ě

ĶĞ Ŗ¿ŉĹŉŜőŗŹƕƋƒŖ�öŇőÔ�*ĮįıĳĴįıĞġģēĕĥĤĭĩÀßĖū ĚęĝĔý9Ňő0�ŗ�

ñūÝŏŌĹ½y�Ś�tªŒ�ñŉŧœĸƇŰŴ ĬĨ 3�ŗ ěĘě ŘĸÔ�*£�.ŖŢĄŪťŊ

ģĚĔ��ŗ�Śªū�tŇőĽŧŗŖWŇĸƊůƐƗ�.ŇŌŹƕƋƒŘÔ�*£�.ŒŘ

ğĠęğĘĠěęğĔœĸ�tªŁNłŃ��ŇőĽŧĹÔ�*ŗ�.ŖŤŦĸƊůƐƗ�.ŹƕƋƒŗ�Śª

Ţ ĠğęĞĘġģęğĔÁaşŒ;�ŇőĽŧŌšĸÔ�*ŗ0�Ł¾ìŒłŌĹşŌĸ�ê�ŤŦƊůƐƗÂ

ďŖŤŏőŢnÕŗ�tªŁ³ŕŧŅœŁ|ťŀŖŕŏŌĹē

ē

R l}od N
+Vc¾£¼¯¼�¤º��¢¼´¼¥¼orm 1`¿*�+Od

ëđ²8 ěĘěĸěĘĜƘ�x īĲėěƙėēëđ²8ē ĜĘěĸĜĘĜēĕ�x īĲėěĞĖē

ëđ²8 ĝĘěĸĝĘĜēĕ�x īĲėěĢĖėē ëđ²8 ĞĘěĸĞĘĜēĕ�x īĲėĜěĖē
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�d N
+Vc�*�¡º±·9Y�Gd

ē Ô�nëđ)hŗŹƕƋƒ�ñ!¹ūD ěĶěġ Ŗ¿ŉĹē

Ħīĩý9ŗĜĘěėĜĘĜŘëđhŗÚÛŎŁNłŃĸÔ�*ý9ŇŌzŁ£�.ŤŦŢÚÛŎŁNłĽ

œĽľË�ŒļŏŌĹĝĘě ŢżƒƔƗŻƊŭŰƇƗŁ"ćŇőĽŧœmŪŨŧ�rŁYr¶ŖµŃô

ÚŇőĽŧĹƇŰŴĬĨ3�ŗěĘěėěĘĜŘÚŗK1ŁŝœŬŔâťŨŕĽ
ŀťĸżƒƔƗŻƊŭŰƇ

Ɨŗ�Ï~ŗ¤/1ŖŤŧÚŁĸK1ŇőĽŧœu�ŒłŧĹē

ē

ē

� l}lrd N
+Vc�*�¡º±·9Y�Gd

ëđ²8 ěĘěĸěĘĜƘ�x īĲėěƙėēëđ²8ē ĜĘěĸĜĘĜēĕ�x īĲėěĞĖē

ëđ²8 ĝĘěĸĝĘĜēĕ�x īĲėěĢĖėē ëđ²8 ĞĘěĸĞĘĜēĕ�x īĲėĜěĖē

ē

�d N
+Vc���d

ē CŘ ĞġĜ ~ăƘƚ`·eƙŗõ�ÊùŒŗI>œŕŏŌŁĸƇŰŴ ĬĨ ŖŢ¼1 ĬĨ :�ŗÔ�

*ŗ�.Œ0�Ł¾ìŒłŌĹƇŰŴ ĬĨ 3�Ŗ�ŜőżƒƔƗŻƊŭŰƇƗŕŔūý9ŇŌŹƕ

ƋƒŗÔ�/1ŁNłĽŅœŁ$ŀŏŌĹşŌĸƊůƐƗÂŖŤŏőŢÔ�nŖ^ŁļŦĸ�ûŕƊů

ƐƗüTŗê�ðŗ�ŐœŕŦiŧŅœŁ�éņŨŌĹē
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1}5. 3D ±¶º©�O�®��³¶�§¸º» º¯�ºª»

²¸¨©�-Q_D�Wb  

� wÏÐ.
ôÏ2'- CNF
PgilN\@CZl-Č¼ūƏţĒ+¦�&ĄŤŻ,!�

2!
î!+Ŀ[DRl-ź¤+7:
}�ņ�>ŗ$!�ĄŤ-ŁĀ
3 Ķ-\Belź

¤�; ;+ă»LCO-¹± 3D^fjU�¡Ō(*:ź¤>ş���(��ÿ!�ƕýì

No.14,18,21Ɩ����
KNU(ÙŌ-UhlVF\+79
ƗĶ-\Belź¤'ś«

�2'ŵ4:Ĉō.û"Ĳĸ'�&�*��£ź¤-Ġ×>oť+ĳ�� 

 

kCNFƕvŹ^iPNĔ p.8ƙ9kKj[DjVĔ p.15Ɩ�  

�ņà�k�Ù(�$!ÙŌƌ'.vŹ^iPNĔ>ħ�!CNFź¤�ö5�;&�:�


KNU-Ɠ��XTH(*$&�:�Kj[DjVĔ'- CNF ĖŅ'5
°m�ék�ņ

à��Ā.ĲŪ'�!�
ÒÐŨ�kă»LCO'-ŴÓ2'.ŵ?'�*��ģõĜ'.

CNFŐ~+Ĩÿ�:KNUƓ�ūƏ'�9
üĄŤ�Ákùƀ-Ļ'-ţĒ.Ɖ��� 

 

kPgilN\@CZl p.10ƙ13 

�ņà�k�Ù.¤āh_g'�:5-- CNF +.�:h_g'�:�Kj[DjVĔ+

79 CNF 79}KNU'¿ħ�'�:�(�ùÕ�;:�
ňŃ-�épű+79 3D ^

fjUŴÓğřƌ+��:�ďŉĸ#�Īĥ�&�9
ś«(�&-�ħ�Ɖ��(��

Ũ�'�:�üÏÐ-ĄŤ�'.�ďŉĸ#-Ű�*�öŷ*ź¤ïĔƕÉĔkź¤þ{Ɩ

Ĳĸ*�;&�*�� 

 

kĿ[DRl p.14  

}KNUśĔ��8-ĄŤ'.�Ŀ[DRlź¤�
}KNUk°m�éÙ>qĸ�&�

:�
�ņà�k�Ù.pű��:� 

 

k]hjVĔƕĊÏÐzƃ-ūƏƖ 

wÏÐ2'-ĄŤ�Á'.
£ź¤-KNU(ÙŌ-UhlVF\+79
ƗĶ-\Be

lź¤ƕ\BelĶƑkKj[DjVïĔƖ'ś«�2'ŵ4:ýì.û"Ĳĸ'�&�*

��CNF .�ņà��Ā�ƋÌ+Ɠ�
ÙŌƌ'.ö5÷ø*ýì'�:�CNF ħ�:³

¤-KNU}ėÂĺ+%�&.
CNFŐ~�¿ħA^fJlMdjçŀčƅ(���(5�

9
û"Ë³�Å��
śŴŠć-ã¹+7:KNU}ė�Ɖ��ġÜ'�:�� � �  

wÖ
Ĵ|Ú�-¶�-ŁĀ CNF -ƊŞ�µ�:�('
�ĢĬ*śŴ>ŗ��(��ÿ

:Ŧ��ģ;
śŴKNU�¹Í+}ė�;:¡ŌÙ�ùÕ�;:5--
üıķùƀ�'
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.}KNU��;! CNFź¤ýì.�Þp¡Ō'�:� 

� �-7�*ġē-s
¿ħ�+¦�ÙŌ(KNU-qĸ>ĭå�:ģ¿Ĭ*Ÿáŋ(�&

Ŝê-Kj[DjVýì-�]hjVĔ�Ŋ�8;:�_lN(�&ö5½�(*:Ŀ[

DRlź¤ƕ�ņà��Ā+ūƏƖ>Ÿ¾�
pű�&�:�ņà��Ā>Ś��:Ó'


CNFź¤ƕKNUƓ+ūƏƖ6 CFź¤ƕ°m�é+ūƏƖ>]hjV�:�('
öŷ�

>ş��&���(���+¡Ō(ùÕ�;:�ź¤-�¤
]hjVïĔ*)]hjVĔ

-ſĪ>ĊÏÐzƃ-ĄŤūƏ(�:� 

 

 
d

ē şŌĸƚ`·eŗëđōŁƇŰŴ ĬĨ ŖŢ¼1 ĬĨ :�ŗÔ�*ŗ�.Œ0�ŁļŦĸƇŰŴ ĬĨ

3�Ŗ�ŜőżƒƔƗŻƊŭŰƇƗŕŔūý9ŇŌŹƕƋƒŗÔ�/1ŁNłŃĸƊůƐƗÂŖŤŏ

őŢÔ�nŖ^ŁļŧŅœŁìšťŨŌĹƊůƐƗüTœ�.*ŖŤŧÔ�nvïŗ�æŘhŗ

îĎŒļŧĹē

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d
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２. 椅子形状の 3Dプリントに関する実証実験 
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2-1.  椅子形状の 3D プリントに関する実証実験の目的 

 昨年度実証した適切な吐出幅（ノズル径 8mm）と生産スピード(椅子一脚 12kg の製造 8 時間)の

製造条件に続いて、金型成型による従来製品と比較して優位性のある椅子の設計と大型 3D プリ

ンタによる製造実験を 20 脚程度行い、耐久性試験による実用性評価検証を行う。 

 

2-2.  大型３D プリンタの成型方式 

	 本実証実験では、バイオポリエチレン・コンパウンドの開発評価の結果 3D プリントに適合すると

判断された材料について、3D プリンタ（図 2-1）による成型方式に適合する椅子形状の設計を行い、

製造と検証を行った。 

     	 
	 	 	 図 2−1.	 設計・製作	 エス.	 ラボ株式会社	 	 	 	 	 	 	 	 図 2−2.	 椅子のプリンティング	 

	 

大型３Dプリンタによる成型(造形)方式の特徴は、次のようにまとめられる。 

•  成型範囲：１メートル四方 

•  成型方法：溶融された樹脂を連続的に積層させることにより成型する 

•  成型物の厚さ：材料溶融押出しノズルが周回・積層しながら造形出力する。周回1周するものを

１層、1周後に内側にもう一周し合計２周するものを２層と呼ぶ 

•  実寸椅子の代表的な成型時間：１層の成型で約４時間／２層で約８時間 

•  椅子を横に寝かせる方向で積層造形する（図2-2） 

•  直径８mmの押出しノズルにより８ミリ幅の厚みの成型とし、一層（レイヤー）の高さが３ミリで積層

するようにノズル移動速度を調整する（図2-3）。 

• 可能な積層角度：角度４５度以上の積層（図2-4）でないと、積層した樹脂が自重で崩れることに

なり（オーバーハング）、成型不良を起こす。 

• 形状特性：成型時間の短縮と樹脂材料を切れ目なく吐出する為、ノズルが一筆書きで移動造

形（プリント）できる形状にしなければならない。 
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大型３Dプリンター「ArchiFab II」：設計・制作 エス .ラボ 株式会社　 椅子のプリンティング

大型３Dプリンター
我 の々ラボは最大、幅 1m 、奥行 1m、高さ 1mの出力範囲を持つ大型３Dプリンター

を活用し、家具や建築建材デザインなどへ応用する研究を行っています。
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サンプル－１　【プリント1層 ・ セルロースファイバー40%】 
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サンプル－2　【プリント2層 ・ セルロースファイバー20%】 

変形量測定結果　　　 ( 試験前    →  機能荷重  →  保証荷重 ) 
A:座面左側中央部　　504.0mm → 500.0mm → 498.0mm 
B:座面右側中央部　　511.5mm → 508.5mm → 506.0mm 
C:背面左側上部   　　619.5mm → 623.0mm → 621.0mm 
D:背面右側上部   　　624.5mm → 624.0mm → 625.0mm 

変形量測定結果　　　( 落下衝撃試験後 → 本試験
後 ) 
A:座面左側中央部　　   498.0mm → 498.0mm 
B:座面右側中央部　　   506.0mm → 506.0mm 
C:背面左側上部   　　   621.0mm → 617.0mm 
D:背面右側上部   　　   625.0mm → 624.0mm 
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(資料2－1）3Dプリント製造椅子の強度試験結果  
実施協力：株式会社オカムラ
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サンプル－2　【プリント2層 ・ セルロースファイバー30%】 

変形量測定結果　　　(  試験前    →  機能荷重  →  保証荷重  ) 
A:座面左側中央部　　487.0mm → 485.0mm → 483.0mm 
B:座面右側中央部　　494.0mm → 491.5mm → 488.0mm 
C:背面左側上部   　　601.5mm → 599.5mm → 600.0mm 
D:背面右側上部   　　606.0mm → 605.5mm → 603.0mm 

変形量測定結果　　　( 落下衝撃試験後 → 本試験
後 ) 
A:座面左側中央部　　   483.0mm → 481.5mm 
B:座面右側中央部　　   488.0mm → 488.0mm 
C:背面左側上部   　　   600.0mm → 599.0mm 
D:背面右側上部   　　   603.0mm → 599.5mm 
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試験項目 条件 結果

1-落下衝撃
（BIFMA規格）

機能荷重
砂袋102kg（225lbs）
高さ152mm×1回

不合格 割れ

保証荷重
砂袋136kg（300lbs）
高さ152mm×1回

落下衝撃で破損のため見送り

2-製品衝撃
（OKM規格）

製品10°傾斜
高さ450mm
（JISは200mm）
自由落下10回

落下衝撃で破損のため見送り

3-座面静的強度
（JIS規格）

1300N
10sec×10回

落下衝撃で破損のため見送り

バイオプラスチック製３Ｄプリンタ造形スツール（BPC-09_バイオPE＋紙パウダー）

接合面剥離

試験項目 条件 結果

1-落下衝撃
（BIFMA規格）

機能荷重
砂袋102kg（225lbs）
高さ152mm×1回

不合格 割れ

保証荷重
砂袋136kg（300lbs）
高さ152mm×1回

落下衝撃で破損のため見送り

2-製品衝撃
（OKM規格）

製品10°傾斜
高さ450mm
（JISは200mm）
自由落下10回

落下衝撃で破損のため見送り

3-座面静的強度
（JIS規格）

1300N
10sec×10回

落下衝撃で破損のため見送り

バイオプラスチック製３Ｄプリンタ造形スツール（BPC-11_バイオPE＋紙パウダー）

接合面剥離
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8,�>:>966椅子形状の3Dプリントに関する実証実験一覧

)-�� BPC-01 BPC-02 BPC-03 BPC-04 BPC-05
���� HM;== HM;== HM;== HM;== HM;=B

ZT\^/��� FG@<7 FG><7 FG?<7 FG?<7 FG?<7

)-�� DLLXV]N= DLLXV]N> DLLXV]N> DLLXV]N> DLLXV]N>

)-�2 @J=<L DJBL DJBL EJ=CL CJAAL

��01 B;>KI ==;@KI ==;=KI =>;EKI E;@KI

&�'�8�$%09  � ��SP ��SP

&�'�8�*%09 ��ROQ �( �!�P �( �!�P

)	'� ��ROQ �$����P �$����P

�43��� ��ROQ �.��SP �.��SP

)-�� BPC-06 BPC-07 BPC-08 BPC-09 BPC-11
���� HM;=@ HM;=@ HM;=@ HM;=D HM;=D

ZT\^/��� 
�FG=A7 
�FG=A7 
�FG=A7 "YUW^>B7 "Y][?<7

)-�� DLLXV]N> DLLXV]N= DLLXV]N> DLLXV]N> BLLXV]N>

)-�2 CJABL @J=<L CJAAL CJAAL BJ@AL

��01 ==;EKI B;=KI =>;AKI =<;BKI E;BKI

&�'�8�$%09  �  �

&�'�8�*%09 ��ROQ ��ROQ

)	'� ��ROQ ��ROQ

�43��� ��ROQ ��ROQ

��+5#�

��+5#�

^

^ ^ ^

^
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)-�� BPC-10 BPC-12 BPC-13 BPC-14 BPC-15
���� HM;=D HM;=C HM;=D HM;>= HM;>=

ZT\^/��� "YUW^?<7 FG?<7 "YUW^?<7 FG?<7 FG?<7

)-�� ALLXV]N> BLLXV]N> DLLXV]N= BLLXV]N= BLLXV]N>

)-�2 AJ BJACL AJ>BL ?J><L >J@<L

��01 C;CKI D;DKI C;AKI B;AKI @;@KI

)-�� BPC-16 BPC-17 BPC-18 BPC-19 BPC-20
���� HM;>> HM;>A HM;=D HM;=D HM;=@

ZT\^/��� FG?<7 "YUW^8�9?<7 "YUW^?<7 "YUW^?<7 
�FG=A7

)-�� BLLXV]N= BLLXV]N= BLLXV]N> BLLXV]N> BLLXV]N>

)-�2 >J@>L >J>L ?JAAL DJ>AL AJA<L

��01 BKI ?;EKI A;EKI =>;CKI D;DKI
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 Ĉ§ŗ�ĭį\ŘĶµ c6œņĶ�ĭą��¸œņő IPCC 2013 Global Warming 

Potential 100 yearsƣ;�Ƨkg CO2 eqƤũ�Ñņōķ 
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Í´ĦŒ�±ƄƢƀŀD�ŒŁŦšŗŖŐĻőŘ�±ƄƢƀũCĨņĶĩņĻšŗŖŐĻőŘ

�ËũÑĻő�±ƄƢƀũCĨņōķćņłŘĶƚŭƏŹŭŶƜƏƞƢSũAÆŗńœķ 

 

3+4+2+1N A14 PE- #CH:9 
Ƌŭű PE ŗÏÐƐƞžŽŖŐĻőŘ�^ŀCĨ)£ŉĶýę"ŒĺŦ Braskem ŀ%Ģņ

őĻŦƋŭű PEŗ�Ë! [Braskem 2017]ũ}Ñņōķ 

 
S 3- 3Ĳ Ĳ Braskem ŗ�Ë!ƣ�Ĝ�æƤ   

��Ŗ�Îņō#)3ûũÛňķŰƉƜŵƢĒÀĶīŰƉƜŵƢĒÀŖ2ť~őōšŗŖŐĻ

őŘĵŒÛņőĻŦķ 
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û 3- 3Ƌŭű PE ŗ#)3û  

#)3 *İ ĮÕ ! ;� 
ŰƉƜ

ŵƢĒ

À 

īŰƉ

ƜŵƢ

ĒÀ 

)3 ýN Ƌŭű PE 1 kg Ĳ  Ĳ  

Ĳ  eµ�ŗ CO2KC Land Use Change Credits -1.1 kg Ĳ  ĵ 

Ĳ  Ĳ  CO2 Uptake -3.14 kg Ĳ  ĵ 

Ĳ  Ĳ  Electricity Cogeneration Credits -1.17 kg ĵ Ĳ  

#3 eµ�śŗ CO2�) Agricultural Operations 0.91 kg ĵ Ĳ  

Ĳ  Ĳ  Ethanol Production 0.03 kg ĵ Ĳ  

Ĳ  Ĳ  Bagasse Burning 0.16 kg Ĳ  ĵ 

Ĳ  Ĳ  Ethanol Transport  0.46 kg ĵ Ĳ  

Ĳ  Ĳ  Industrial Operations (Ethylene and PE) 0.76 kg ĵ Ĳ  

 

CĨņō�ËŒŘƐƞžŽĿŤ�)ŅŧŦ CO2 ĞŗŞŀĂĔŅŧőĻōńœĿŤĶ$őŗĮÕ

ũĸeµśŗ�)Ĺœņő*İņōķ 

Land Use Change CreditsŘVX�cŖţŦÄéKCũûņőľťĶöŧXĿŤ@�œŕŦŹƅ

ŮŴƎũ©]ňŦò�Xś�cňŦńœŖţŏőĶVa�ŗÄéĞŀ`4ņĶńŗÄéŀ CO2 ũ

VaśčÓňŦńœĿŤĶƕŭƇŽŗ�!ŀÛŅŧőĻŦķCO2 UptakeŘŹƅŮŴƎŀeµĿŤK

CňŦCO2ĞŒĺťĶńŗĞŘƔƛŰƁƝƠŗj$ÈÅĿŤÔÏňŦCO2ĞŗÎĉ!œGôņő

ĻŦķElectricity Cogeneration CreditsŘƋŭű PEŗÏÐ�Ŗ�ÑŅŧŦÈ�ũŹƅŮŴƎŗíť

ĿňŒĺŦƋųŽũ�#ňŦńœŒĶ�ÑňŦŘŉŒĺŏōÔĪÈ�ũ��ņĶCO2 ŗ�)Ğŀ

½sňŦĞũûņőĻŦķ 

 

3+4+2+2N 3D CFI<-���CH:9 
3D ƐƛƠƀŗºĎĪ3Ř  [×Ĝ  2019]ũ}Ñņōķ �ËŒŘlħŖ�Ñ	kŗ°¡

Tatami Ŗā¾Pũ�ŃĶºĎĪ3ŗ�±ƄƢƀŗCĨŀúŨŧōķńńŒCĨņō�±ƄƢƀ

Řm&ŗ=/�ŖºĎŅŧŦĪµĞœ�ģŒĺŦķlħŖƐƞƅƀŭƐŗgũ=/ņĶā¾P

ƣHIOKI Üý ĪÀNĐūƇƚŭź 3197 ľţŚĶŶƚƠƐűƠžƠŹ 9660ƣ100A,Ĳ 300VmaxƤĲ 3 

 ƤũÑĻőā¾ũúŏōķ 
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S 3- 4Ĳ eZ 3D ƐƛƠƀ  Tatami 

 

 
S 3- 5Ĳ ā¾PŖţŦºĎĪ3¾k  
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ā¾ţť 3D ƐƛƠƀŘ�eºĎĪ3Œ 6.6kWĶƐƛƠƅ�ºĎĪ3Œ 400W œĻļì¦ŀ�Ť

ŧĶŝō=/�ģŘ 4�ģ/óŒĺŏōķ�ŗlıŖţŏő 3DƐƛƠƀEŗ�Ç*ŗĪ3ŀ�þ

ŕĻ�Œ=/ŒŁŦńœŀ�ŤĿœŕŏōōŠĶƐƛƠƅ�ºĎĪ3ŗŞŒ=/ŀúŨŧŦœņōķ 

ńńĿŤĶ3DƐƛƠƀŗ 1ýNĺōťŗºĎĪ3Ř 

0.4(kWh/h)ĳ4 (h/ó) =1.6 kWh/ó 

œŕŏōķ 

3DƐƛƠƀŗĝĞŖŐĻőŘƍūƛƠŷũľńŕĻĶĝĞŘç 1 ton œŗ�^ũ�ōķ3DƐƛƠ

ƀŗ�Ñy�ũ 5yĶyģ 365óÏÐũúļœ�āņĶńńĿŤ 

1,000(kg) / ƨ365(ó/y)ĳ5(y) Ʃ= 0.548 (kg/ó) 

œŕŏōķńŗ!ũ°ªĝĞœņő�ŏōķ 

ŕľĶ4uƞŽŘÔÏŊŉĶ�@�ŗ»ġ´ĦĿŤŗƞŽŀ 5%ĒŁŦ
ŀýę®ñśŗƍū

ƛƠŷĿŤ�ŤĿœŕŏōķ��Ŗ�Îņō#)3ûũÛňķŕľ ƐƞžŽŒŘ Material 

RecycleƣMRƤŀ 15%ÔÏňŦōŠĶMR*ŗĝĞŗé¡ŖŐĻőŘĊ÷ŀā�ŅŧőĻŕĻķ 

 

û 3- 4Ĳ 3D ƐƛƠƀŖţŦ 1óŗýęŗ#)3û  

#)3 *İ ĮÕ ! ;� 

)3 ýN g 1 ó 

#3 �@�ƣƋƢżƠ*Ƥ ƐƚŽƁƂŶ@�ƣƋŭű PEƤ 5.95 kg 

  ƏŬƚƢ 2.55 kg 

 �@�ƣMR*Ƥ ƐƚŽƁƂŶ@�ƣƋŭű PEƤ 1.05 kg 

  ƏŬƚƢ 0.45 kg 

 ŰƉƜŵƢ Ī3 1.6 kWh 

Ĳ  ď ċ ýę°ªƣĠƤ 0.548 kg 

 

3+4+2+3NB0EK- #CH:9�.B0EK-�� 
ƏŬƚƢŘžƜƞƢŽƏŪŭƋƢœņ�Ë!ũÑĻōķ��ŖŋŗćêũÛňķŕľĶÇĞŢÃ

*ũÛņőĻŦŗŘĶTRƣThermal RecycleƤŖľĻőĶ��ňŦÇĞĶÅ>�ŗ[àĞũãkň

ŦōŠŒĺŦķ 
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û 3- 5 ƏŬƚƢŗćê�^�Ā  

IÝ 
ŻƇƛ

ű 'nĶƄƢƀÀ 
ýęĊ÷ 

Ã*ƣ%Ƥ 
ÇĞ 

ƣkgCO2e/kgƤ ƣMJ/kgƤ 

žƜƞƢ

ŽƏŪŭƋ

Ƣ 
- 

ýęĊ÷Ř [¨|�ÜƄŸŽ 
2019]ţťķÃ*Ř [¤ù , Ø� 
2011]ţťèŗÃ*ŗxY!ũ}
ÑņōķÇĞŘ [ÜR¸V�
i� 2004]ĿŤ�Éœ¿ÂŒc
ŨŦōŠ�ģ!ŗ

(9400+14700)/2=12050KJ/kg ũ
.Ñņōķ 

0.327 10.30% 12.05 
ƣèœHáƤ 

 

��ŖžƜƞƢŽƏŪŭƜƋƢŗ�Îņō#)3ûũÛňķ 

 

û 3- 6 žƜƞƢŽƏŪŭƋƢŗ#)3û  

#)3 *İ ĮÕ ! ;� 

)3 ýN žƜƞƢŽƏŪŭƋƢ 1 kg 

 eµ�śŗ CO2�) ýęĊ÷ 0.327 kg 

 

 

3+4+2+4N ��	-��$%�.&	$% 
Qē��Ñŗ°ªĝĞŖŐĻőŘWebĈ§ŒĶ50,000 kgĶğZĝĞŖŐĻőŘ�UŒQē

��ũýęņőĻŦ®ñśŗƍūƛƠŷœ 3DƐƛƠƀŒýęňŦgŗSĬũÑĻő?Ş 2.3mmĶ

ūƜƖƈŮƗŗpzũ 2700kg/m3œņāãĿŤã)ņĶğZŗŞŗĝĞŘ 10.89kgœņōķƍūƛƠ

ŷţťQē��ŗğZŘ¥¡ŗ+0ũúĻýęŅŧĶŹƔƢƅ¡œņőğtýŗūƜƖƏƝƢƗ

ũ.ÑņőĻŦńœŀ�ŤĿœŕťĶńŗƏƝƢƗŗĝĞũ 40kg œņōķ 

ƍūƛƠŷœāãŗì¦ĿŤğZ �ƥƏƝƢƗŗĝĞũGŨŊő 50.89kgœņĶ ĝĞũ¡�

ŗýęƐƞžŽŖ�ļĊ÷ŗŞũā�ňŦńœœņōķQē��Ñŗ°ªŖŐĻőŘ 50y�ÑņĶ

1yŒ 1�QŗQē��ũúļœņōķ 

50,000 (kg) / ƨ10,000 (Q/y)ĳ50(y) Ʃ = 0.10(kg/Q) 

œŕŏōķńŗ!ũg�óĺōťŗ°ª*ŗĠŗĝĞœņōķ 

ŝōĶğZŗ�ÑQ�ŖŐĻőŘĶ3D ƐƛƠƀýgŗ,yzČb��	k�ũ 300 óœņ

ōńœĿŤĶ¢�ũ�ĽŦōŠĶ300QœņōķńńĿŤ 

50.89(kg) / 300(Q) = 0.169 (kg/Q) 

œŕŏōķńŗ!ũg�óĺōťŗğZ*ŗūƜƖŗĝĞœņōķ 
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3+4+2+5N��	-&	 #CH:9 
Ĳ �£ZŗğZŗýęŖŘ+04uŀÑĻŤŧőĻŦńœŀWebĈ§ĿŤ�ŤĿœŕŏōķ

�Qńŗ+0ƐƞžŽŖŐĻőĶ�^ŀ�ŤŧŉğZĝĞŖqņő 50%ŀ+0ŅŧŦœņōķ

+0ƐƞžŽ 1kgĺōťŗºĎĪ3Ř [Singh , Sultan 2018]ţťĶã)ņōķ��Ŗ�ËŗĆ~

â�ũÛňķ 

 
S  3Ĵ6Ĳ +0ƐƞžŽŗºĎĪ3  

 

+0Ğŀ 0.45562kgŖqņőºĎĪ3ŀ 15.1474kWŒĺŦķńńĿŤ+0 1kgĺōťŗºĎĪ3

ũã)ņōķ 

15.1474(kWh)/0.45562ƣkgƤ 

 =33.2457(kWh/kg) 

ğZĝĞŀ 10kgŗōŠĶ+0ŅŧŦĞŘ 

10.89(kg)ĳ1.5 

=16.335(kg) 

ńńĿŤğZŗĝĞũã)ňŦœ 

16.335(kg)-10.89(kg) 

=5.445(kg) 

ũ+0ňŦœņōķ 

 

ńŗ+0ŖţŦºĎĪ3Ř 

33.2457(kWh/kg)ĳ5.445(kg) 

=181.02kWh 

ŒĺŦķ 

ğZŗ�ÑQ�Œĥņő 

181.02(kWh/kg)/300(Q) 

=0.603(kWh) 

ũğZŗ�ÑŖā�ņōķ  
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3+4+2+6N��	-���CH:9 
�£ZŗQē��ŗĪ3ºĎĞŘ [STÅLBERG 2017]ŖĂĔŗ!ũÑĻōķ��Ŗ�Ë

ŗĆ~â�ũÛňķ 

 

 
S  3Ĵ7Ĳ Qē��ŗºĎĪ3  

 

�ĂĿŤ 1å~ōťŗĪ3ºĎĞŀ�ŤĿœŕŏōōŠńńĿŤĶýN 1kgĺōťŗĪ3ºĎĞ

ũã)ņōķ 

234 (MJ/box)/23.66 (kg/box)/3.6 (MJ/kWh) 

=2.75 (kWh/kg) 

 

4uƞŽŘ 5%œăkņōńœĿŤĶ�@�ŗ�#Ř 5%dłŕťĶÏŇō4uƞŽŘ Post 

Consumer œHŇ(ÎũŅŧŦšŗœņōķ��Ŗ�Îņō#)3ûũÛňķ 

 

û  3Ĵ7Ĳ Qē��ŗgƦóĺōťŗď ċŗ#)3û  

#)3 *İ ĮÕ ! ;� 

)3 ýN g 1 ó 

 4uƞŽ {ƐƚƣPost Consumer œHŇ(ÎƤ 0.526 kg 

#3 �@� ƐƚŽƁƂŶ@�ƣPP+PEƤ 10.526 kg 

Ĳ  ŰƉƜŵƢ Electricity 27.5 kWh 

 ď ċ ýę°ªƣĠƤ 0.10 kg 

  ğZƣūƜƖƈŮƗƤ 0.169 kg 

  ğZŗýęĪ3 0.603 kWh 
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3+4+2+7N ��JF816GCH:9 
{¬ơƛŹŭŶƜŖŐĻőŘ�£ZĶ3D ƐƛƠƀŗŔŎŤšHŇŒ 100%ƛŹŭŶƜŅŧŦœņĶƛ

ŹŭŶƜ�¸Ř TR œ MR ŗ 2 ŐœņōķTR ŒŘÚÙœ RPF 8ŗĊ÷ũā�ņĶƐƚŽƁƂŶŗ

j$ÈÅŖţŦ CO2 �)Ğũ*g|ĿŤā�ņōķńŗ�Ŗ�ŤŧŦÇĞŖŐĻőŘĶÈ�º

Ďũ��ņĶ��ňŦÈ�ŘØÄœ�kņōķŕľ 3D ƐƛƠƀũÑĻōýęŒ�#ŅŧŦƏŬƚ

ƢŘj$ÈÅŊŉĶÃ*ŀ³ÓňŦōŠ³Ó*ŖŐĻőŘ$Ğ[àŀúŨŧŦœņōķ3D Ɛƛ

Ơƀś�#ŅŧŦƏŬƚƢŘŹƢƕƜƛŹŭŶƜ�Ŗj$ÈÅŅŧŉĶÃ*œņő³hňŦķţŏ

őńŗ³h*ŖŐĻőŘŹƢƕƜƛŹŭŶƜ�Ŗ-ė[à(ÎŅŧŦœņőĶÃ*ŗ[àĞũā

�ņōķƏŬƚƢŗÃ*ũÛňķ 

 

û  3Ĵ8 ¼41ŗÃ*³hÌ  

�@� ƏŬƚƢ 

Þİ Ã* Þİ Ã* 

Ƌŭű PE Ĳ 0% žƜƞƢŽƏŪŭƋƢ 10.3% 

 

MRŖŐĻőĶ�£ZĶ3DƐƛƠƀŗŔŎŤŖŐĻőš¶xƛŹŭŶƜŅŧŦœ�kņĶŋŧŌŧ

ÚÙ(ÎœƒƝƂƅ8ňŦĊ÷ũā�ņōķMRŖţŏőýę�ŗ@¡�BŚƏŬƚƢũ��ňŦ

œņőãkũúŏōķ 

��Ŗ�Îņō#)3ûũÛňķ 

 

û  3Ĵ9Ĳ �£Z  TR ŗ#)3û  

#)3 *İ ĮÕ ! ;� 

)3 ŰƉƜŵƢ PPŗÈÅ 38.9 MJ 

Ĳ  Ĳ  PEŗÈÅ 1.86 MJ 

Ĳ  eµ�śŗ CO2�) ƐƚŽƁƂŶŗÈÅ 3.14 kg 

#3 @¡� {¬ŅŧŦg 1 kg 

Ĳ  ƛŹŭŶƜ(Î ÚÙ 1 kg 

Ĳ  Ĳ  RPF8 1 kg 

 

 

 

 

 

 

ー 60 ー



 
 

û  3Ĵ10Ĳ �£Z MR ŗ#)3û  

#)3 *İ ĮÕ ! ;� 

)3 ��ýN ƛŹŭŶƜƒƝƂƅƣ@¡�œHáƤ 1 kg 

#3 @¡� {¬ŅŧŦg 1 kg 

Ĳ  ƐƞžŽ ÚÙ 1 kg 

Ĳ  Ĳ  ƒƝƂƅ8 1 kg 

 

û  3Ĵ11Ĳ 3D ƐƛƠƀ  TRƣƐƚŽƁƂŶĜ*ŗŞƤŗ#)3û  

#)3 *İ ĮÕ ! ;� 

)3 ŰƉƜŵƢ PEŗÈÅ 37.1 MJ 

Ĳ  eµ�śŗ CO2�) ƐƚŽƁƂŶŗÈÅ 3.14 kg 

#3 @¡� {¬ŅŧŦg 1 kg 

Ĳ  ƐƞžŽ ÚÙ 1 kg 

Ĳ  Ĳ  RPF8 1 kg 

 

û  3Ĵ12Ĳ 3D ƐƛƠƀ  TRƣƏŬƚƢŗŞƤŗ#)3û  

#)3 *İ ĮÕ ! ;� 

)3 ŰƉƜŵƢ žƜƞƢŽƏŪŭƋƢŗÈÅ 12.05 MJ 

 Ã* žƜƞƢŽƏŪŭƋƢŗÃ* 0.103 kg 

#3 @¡� {¬ŅŧŦg 1 kg 

Ĳ  ƐƞžŽ ÚÙ 1 kg 

Ĳ  Ĳ  RPF8 1 kg 

 

 

û  3Ĵ13Ĳ 3D ƐƛƠƀ  TRƣƏŬƚƢŗÃ*ŗŞƤŗÃ*ŗ(Îŗ#)3û  

#)3 *İ ĮÕ ! ;� 

#3 Ã* ƏŬƚƢŗÃ* 1 kg 

Ĳ  {¬Ê(Î [à 1 kg 
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û  3Ĵ14Ĳ 3D ƐƛƠƀ MR ŗ#)3û  

#)3 *İ ĮÕ ! ;� 

)3 ��ýN ƛŹŭŶƜƒƝƂƅƣ@¡�œHáƤ 1 kg 

#3 @¡� {¬ŅŧŦg 1 kg 

Ĳ  ƛŹŭŶƜ(Î ÚÙ 1 kg 

Ĳ  Ĳ  ƒƝƂƅ8 1 kg 
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3+5N  E1B816G�(!�LLCIAM  

3+5+1N  3D CFI?,��	-�"��  

��Ŗ 3D ƐƛƠƅƣƏŬƚƢŖžƜƞƢŽƏŪŭƋƢũ�Ñņō_GƤŒýęņōgœĶ�£

Zŗgŗ LCAì¦ũÛňķ 

 

 

S  3Ĵ8Ĳ 3D ƐƛƠƅœ�£Zŗ LCAì¦  

 

û  3Ĵ15Ĳ 3D ƐƛƠƅœ�£Zŗg 1óĺōťŗ GHG�)Ğŗ´Ħ-'Ą  

ýN 
Gā 

GHG�)
Ğ 

@¡�ĈĚ ÏÐ ¹Ę �Ñ {¬ơƛŹŭ

ŶƜ 

3DƐƛƠƅ -12.21 -16.90 1.85 0.14 0.00 2.70 

�£Z 35.21 20.23 13.16 6.24 0.00 -4.41 

Ĳ  Ĳ  Ĳ  Ĳ  Ĳ  Ĳ  kgCO2e/1ó 

 

3DƐƛƠƅŒýęņō_Gœ�£ŗ�¸Œýęņō_Gŗ LCAì¦Ř 3DƐƛƠƅŒŗýęŗ

�ŀ GHG�)ĞŘrŅłŕŏōķ3DƐƛƠƅŘ@¡�ĈĚŖţŦÄéKCĞáŀŋŧ�Ĥŗ´
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ĦĿŤÔÏňŦ GHG �)Ğũ�QŦōŠĶì¦œņőgũýęňŧřňŦŜŔ GHG �)Ğ

ŀ0½ŅŧŦì¦œŕŏōķ��ŒĶ�£ZŒŘ{¬ơƛŹŭŶƜ´ĦŗŞŀƕŭƇŽŖŕŦì¦

œŕŏōķńŧŘgŗ{¬ơƛŹŭŶƜ´Ħŗ GHG �)Ğŗe:ũ<ŠŦ TR ŖţŦÈ���

5¦ƣØÄŗÈÅŰƉƜŵƢũ��ňŦœ�kƤŀ9*eŁłĶƛŹŭŶƜ(ÎŖĿĿŨŦÚÙŢ

ƒƝƂƅ8ĶRPF ũÈÅņōħŗ GHG�)Ğũ�QŏőĻŦĿŤŒĺŦķŕľĶ3D ƐƛƠƅŗ TR

Řŋŗë�Ŗ�kĞŗƏŬƚƢũJşōŠĶRPF ŗÔÇĞŀ�łŕťĶ²MŒŘõwŗƐƚŽœ

ŕŦķŕľĶ3D ƐƛƠƅŗF¡�ŖŐĻőĶƋŭű PE ŘKCœ�)ũ*ŃőûĂņőĻŦŗŖq

ņĶƏŬƚƢŀƋŭűƕŽ¡�ŗ_GŘŲƢƓƠƈƙƢƅƚƜœņőKCš�)šŕĻœņőã)ņ

őĻŦńœũ�ĂňŦķ 

 

 

S  3Ĵ9Ĳ 3D ƐƛƠƅœ�£ZŗŰƉƜŵƢĒÀĶīŰƉƜŵƢĒÀŗ LCAì¦  

 

û  3Ĵ16Ĳ 3D ƐƛƠƅœ�£ZŗŰƉƜŵƢĒÀĶīŰƉƜŵƢĒÀŗ LCAì¦  ćê  

ýN GHGĒÀ 

Gā 

GHG�

)Ğ 

@¡�Ĉ

Ě 
ÏÐ ¹Ę �Ñ 

{¬ơƛŹŭ

ŶƜ 

3DƐƛ

Ơƅ 

ŰƉĒ -7.33 9.68 1.75 0.13 0.00 -18.89 

īŰƉĒ -4.88 -26.59 0.10 0.01 0.00 21.60 

�£Z 
ŰƉĒ 5.88 17.66 12.80 5.74 0.00 -30.33 

īŰƉĒ 29.33 2.56 0.36 0.49 0.00 25.91 

Ĳ  Ĳ  Ĳ  Ĳ  Ĳ  Ĳ  Ĳ  kgCO2e/1ó 
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ƉĒŗŔŎŤŒĺŏőšƕŭƇŽœŕŏōķŰƉĒŗƕŭƇŽ*Ř TR ŗ��5¦ŖţŦšŗŒ

RPF ÈÅŗØÄŰƉƜŵƢũ��ňŦ*ŗo�ŀdłĶƚŭƏŹŭŶƜ$�ŒGāņőšƕŭƇ

ŽŖŕŦì¦œŕŏōķīŰƉĒŗƕŭƇŽ*Ř@¡�ŒĺŦƋŭű PE ŗ@��ÊŒĺŦŹƅŮ

ŴƎŗÄéKCœ©]ũúŏōò�XŗVX�cŖţŦVaśŗÄéTk8*ŒĺŦķńŗƕ

ŭƇŽ*ŀŋŧ�ĤŗĊ÷ƣdłŘƐƚŽƁƂŶŗ TRŗħŗ RPFÈÅ�ŗÖ��)ĞƤţťše

ŁĻōŠĶì¦œņőīŰƉĒšƕŭƇŽœŕŏōķ 

�£ZŒŘŰƉĒŘH¯Ŗ TR ŗ��5¦ŖţŏőevŕƕŭƇŽŀ)ŦŀĶ@¡�ŗýę

Ċ÷ĶÏÐ´ĦŗĪ3ºĎĿŤŗ�)ţťŘsŕĻōŠĶì¦œņőŰƉĒŘƐƚŽœŕŏōķŕ

ľƐƚŽƁƂŶŗƘƊƕƢýę�ŗŶƚƂŲƢŘŰƉĒœņőā�ņőĻŦķīŰƉĒŒŘĶƋŭ

űŗţļŕÄéKCĞŘhWŊŉĶTR ŗħŗÈÅ�ŗÖ��)ĞŀeŁĻōŠĶevŕƐƚŽ

ŖŕŦì¦œŕŏōķ 

 

±ŖŰƉƜŵƢĒÀœīŰƉƜŵƢĒÀŗì¦ũ SimaProŗƉƂƅƟƢŶSŗ�|ŒÛňķƉ

ƂƅƟƢŶSŗĸđðĹŘ�¹ŗƐƞžŽŗ GHG �)ĞũûņőľťĶĸïðĹŘ��5¦Œ�ĥ

ŅŧōGHG�)ĞũûņőĻŦķðŗfŅŀ�ĭŗeŁŅũûņőľťĶGHG�)ĞŀeŁĻ_

GŖŘfĻðŒ�ÒŅŧŦńœŖŕŦķ 

ŝōĶ$őŗ�¹ƐƞžŽũûÛňŦńœŘŒŁŕĻōŠĶûÛŗħŖŲƂƅűƏũěÑņƣƄƢ

ƀŗßãāãŖľĻőŲƂƅűƏŘúŏőĻŕĻƤĶ�kŗƌƢžƠƃƢż��ŗì¦Ŗ�ĭũ

�ĽŕĻƐƞžŽŖŐĻőŘûÛņőĻŕĻSŒĺŦķŅŤŖĶ�QŗãkŒŘOÑ LCAƄƢƀ

ƑƢŽ IDEA ũ�ÑņőĻŦńœĿŤĶƚŭžƠŽ�Ķ^L�ŖJŠŦńœŀŒŁŕĻƐƞžŽŖŐ

ĻőŘ�!ũƕŽŴƠŷņőûÛņōķ 
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3DËÎÒÄ¦ÆÃÄÑÔ»)³�_�±£�¸Æ|¦)�¯§�TR¥®±j]�L�SÕChair_

TR_Coal_substituteÖ��;¥4���Ç¶¹ PE £ÉµÍÔ¦v�ÕMizing_PE×AdditivesÖ£ÊÍ

¾Ï�¯¦~�ÕPE_TransportÖ��:Õ3D_Print_of_ChairÖn�¦ :l³!y���®°¬4�

�W%¢Ì¶Å¿£¤±��H��¸Æ|¦)�¯§�Ç¶¹ PE¦v�ÕPE_ProductionÖ¦Ì¶Å

¿�¦>��M¬4����¦Ì¶Å¿§¼Ä·ºÈU.J¦]p$�ÕSugarcane Growing_CO

2_UptakeÖ�©�+,�c2�¥��+1]p¦0�ÕSugarcane_Growing_Land_use_Change_

CreditsÖ¦�S¥®±¬¦¢�±��H�B��¦0�w(£�¡§�TR¦ RPF`G³`^��

J¦hCB�ÕChair_TR_Direct_emissionÖ�MR¥®�¡D��²±�GÕChari_MR_Horizontal

_Raw materialÖ¥®±>��4��� 

?Q-¦ÆÃÄÑÔ»)³�_�±£�¸Æ|¦)¢§�§° TR¥®±j]�L�SÕChair

_TRÖ�M¬4��¬¦¦�j�ËÍ¿ÂÃ»�OG¦v�ÕPP+PE_ProductionÖ��:ÕMolding 

of ChairÖ¢c�±���v&¦¶ÁÎ´�¯¦~�ÕChair_TransportÖ¦!y®°¬8���W%¢

ËÍ¿¦B��£¤����H��¸Æ|¦)¢§�TR¦B��ÕChair_TRÖ�E�g¢�X°

¦ËÐÀ¿§9�¦7��x¯²±� 

	���'¦o6P
�¢§�?Q-¦V5¦v��¯ 3D ËÎÒÁ¦V5¦v�¥2K�±

�£¥®�¡�¸Æ|¢§9�¦��¸Æ|¢§4�� GHGB����\�²±rS£¤��� 
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!£"�v&³4�ab��&�s¦v&³v��±/!¦y 8 ½ÅÎ¹³m¡¡o6³t�

��¤�jZdQ PE³�c�±/!¥§"�*�¦:/�¯{��Ç¶¹ PE³�c�±/!

¥§�G³ÊÍ¾Ï�¯{�£��?Q-¥ �¡§�-¦�c'F�4�ab¦/!¥§
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GHGq#çĔ ÒģĝğÖ½ē²ćČ¿�ģ�ē²ĉú 

 

 

@  3ø16ó įĶłĩ&Ĕ LCA¿�Ö½.  

 

įĶłĩ 5ùįĶłĩ 7ēĎüďĕ GHGq#çāJĂüČĚù�éģ®©ćďÉ²ćďüĠú  
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įĶłĩĀĞd�DēĎüďù¯� PEģ'¨ćČF8ňįĶłĩ 2ŉù3DĽłŅĳĔÊâēĀĀ

ĢĠ�Úð+çĔVĆĆđA ùàîĐÊâā6ÂĒČĚ�LĔÊâù�LĔßáĔ GHG q

#çād�Dđ�ÝćďVĆüú�LĔÊâēĎüďĕ>Üp_đ 3D ĽłŅĵĔ�ÝĐûĠā

>Üp_ĕ�Úð+āIăù�LĔÊâ�ìĔ GHG q#çĐĕ» 12 �ĔÙÅā«¦ćďü

ĠúįĶłĩ 2 ĕĸħĩ PE ēĝĠ�¼;5āÈĢġĒüČĚù8Î GHG q#çĕĽŁıđĒĠ

ā8Î GHGq#çĕįĶłĩ 1 ĝğěVĆăĒčČú 

d�DĔĸħĩ PE ģ'¨ćČF8ňįĶłĩ 3ŉĐûčďěĨķÛĕĿħĶıđĒĞĊù8Î

GHGq#çĐęďě 3DĽłŅĳ´ĔĿħĶı-�ĕeĞġĊù3DĽłŅĳÊâā��ĐûĠ�

ģ²ĉĄđā#�ČúįĶłĩ 3ĔĨķÛāĿħĶıēĒĞĒüĔĕįĶłĩ 1 đ9�ē2�yÊ

âĔÙÅđ>Üp_ĔÙÅāJĂăùĆĞē2�yĔļŁİŃĀĞħĳłĥĘĐĔßáÙÅùħĳł

ĥĀĞ|�ĘĐĔßáÙÅāÎ�ĆġĠČĚùTR ēĝĠ¯���Ĕ��-�ĔĿħĶıģ�>

čďćĘýĄđāañģćďüĠú 

įĶłĩ 5ùįĶłĩ 7 ĕèDģ 1>Ĕę�¨ĉĠđćď·OģÈčďÿğùèDÊâÙÅā 1
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353�  CO2����  

�ēd�DĔ�Lģ 3DĽłŅĳÊĔ�LňĲŃńŇıĻĤħĸŇŉėÀĂuþČíĔCO2(�

-�ģ²ĉú¦§çēĎüďĕùPÓ��¾�~�ēÿüďXéĐ 365ÃģÊâćù2030X~

�ĐĕXé 36,500ÃÊâĉĠđćď(�-�Ĕ·OģÈčČú£CĔ 3DĽłŅĳĔÊâ-¢ĕ

1|ûČğ 1ÃĐûĠĄđĀĞùPÓ��¾�~�Đĕ 17ù2030Xēĕ 1007Ĕ 3DĽłŅĳā

U�ĆġďÊâģÈýĄđģkOćď·OģÈčČú�ē)t��Ĕ�Ìđ�ì&Ĕ Òģ²

ĉú 

 

É  3ø21ó )t���Ì  

Ê= XZ �¨��wň7ŉ ¦§wňÃŉ 

Ô�TØÊ= ��¾�XZ 1 365 

ó  2030XZ 100 36500 

ľŇıŁħŅ ��¾�XZ 1 365 

ó  2030XZ 1 36500 
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図  3−17 実証事業終了時点（年間 365 脚製造の場合）  
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図  3−18 2030 年時点（年間 36,500 脚製造の場合）  

 

 

�#'�*I>
N�#'�*I

>
1D

/96GK)@A 
�
 ����� ����

@A � 
 �

<J � � �

+B � � �

5:)&!� ' ���� ��� ��

1D �	�� ����� ����

�#'�*I>
N�#'�*I

>
1D

/96GK)@A �� �� �
�

@A �� �
 ���

<J 	�� �� 		�

+B � � �

5:)&!� ' ������� �� ����

1D 	�� ����� ��	��

�#'�*I>
N�#'�*I

>
1D

/96GK)@A 	�� ���� ��
��

@A ��
 �� ��


<J 	�� �� 		


+B � � �

5:)&!� ' ����� ��� �	��

1D ��	 ��	�� ���
�

O$*"%�(��E-����P

80;M

	�
�47?���

��	�4�

80;M

	�
�47?���

��	�4�

�F,3HC2

�$*"%�(

�.=L�O�Q�P

80;M

	�
�47?���

��	�4�

O3HC2��E-����P

ー 80 ー



 
 

36�	
  

! �>Ĕ·Oēÿüďĕù3D ĽłŅĳđd�DĔ�LĐĕÊ=æçě�¨�éě9ĈĐû

ĠđÑOćČ�k¬ĒÊ=ģ¨üČú�{ĐùPíēĕĺİķıŀĴŃ¶ēĝčďù3D Ľ

łŅĳÊđd�DĔ�LĔæçě�¨>wěªĒčďăĠ6Âiāòüú��āãÈĉĠ

ē�čďù3DĽłŅĳĐ��ĆġĠd�DĔ�Lù3DĽłŅĳĐÊâĆġĠ�LĔ���

āĝğ}±ēĒčďăĠđhĢġĠāù�cĕĄĔĝýĒPíĔĺİķıŀĴŃē1ćČÔ

�ģÈýfËāûĠú 

! d�DĔ>Üp_ĕx¡ēÐÞĆġČ�ģ�¨ćČāù^Õx¡ĐÊâĆġĠÊ=đ�

>ĔÊ=ĐĕæçāN�ēĕ8ÄćďüĒüú�ÝTØđĒĠľŇıŁħŅÊ=ēĎü

ďùċĔp_{�3Ėp_ē�ý�¨ð+ēĎüďĕ!ZÖ½ē×�ģÈýfËāû

Ġú 

! £CĔ·O¿�Đĕd�DēêćďèDÊâēĎüďĕĹĥłŅĬĝğeČĴŇĳđÎ·

�ģ'¨ćČāù%(çēĎüďĕjEāeĞġĊ�O�ģ'¨ćďüĠú�cèDĔ

,WÙÅĔPmēĎüďĕĝğ¹�ćù·OĔ¹ZģòĚďüăfËāûĠú 

! d�DēĎüďù,Wńıĕ�b 5%đÑOćùċĔ"¤ě\�ņłĮħīŃ�ìđ9Ĉ"

¤đ�OćďüĠāù�c¹�āfËĐûĠú 

! ĻĦŁŇĔÊâ~Ĕ��ĴŇĳā5ïĐĂďÿĞĊùx¡¶ĀĞù20�.ĆġČ��Ĵ

Ňĳģ¨üďüĠú3D ĽłŅĳĐĕĻĦŁŇĔ�8¢đÊâÙÅā��ėañģJĂă�

þĠČĚù�c6ÂĒëğPmē1ćČ��ĴŇĳģ5ïćù¹Zģ:�ĉĠĄđā�Ę

ćüú 

! \�ņłĮħīŃ�ìēĎüďù£CĔłĮħīŃ¢đłĮħīŃ{�Ĕ*8ĕùY¸ĒR

�ģTØđćČrÎ�ģ'¨ćďÿğù�LĔPmē1ćČ�ĐĕĒü6ÂiāûĠúĘ

Čd�Dđ 3D ĽłŅĳĐùłĮħīŃ{�3ĖċĔ*8ēĎüď9Ĉ�ģ¨üďüĠāù

Píēĕ 3D ĽłŅĳđd�DĐĕĄġĞĔ{�Ĝ*8āªĒĠ�ěkOĆġĠČĚù�

cĝğÖ½Ē�ÏāfËĐûĠú 

! TR, MRĔ>ä-�ēĎüďù£C TRĕ¯�ĨķŃĪŇùMRĕĸŇİŅ=đ9¶Đû

ĠđĔ)tģÀüďüĠāù�cPmēgĈČ¹�āfËĐûĠúĒÿù3D ĽłŅĳđd

�DĔT¬Ē�Ýđüýl<Đĕù��ģ4{ĐsþďüĠëğĕù�:ēJĂĒH.

ĕĒüđhĢġĠú 

 

ー 81 ー



 
 

�������  

Braskem. õIôm green÷ PELife Cycle Assessment.ö Braskem - Braskem. 2017 X 9 � 6 |. 

http://plasticoverde.braskem.com.br/Portal/Principal/Arquivos/ModuloHTML/Documento

s/1191/Life-Cycle-Assessment-v02.pdf. 
Earth Engineering Center City College of New York. DETERMINING ACCURATE HEATING 

VALUESOFNON-RECYCLED PLASTICS (NRP) . NewYork: City University of 

NewYork, 2016. 

SinghKarmjit, , SultanA.Ibrahim. A Computer-Aided Sustainable Modelling and Optimization 

Analysis of CNC Milling and Turning Processes. Switzerland: J. Manuf. Mater. Process, 

2018. 

STÅLBERGAXÉNLISA. Comparative LCA of street sandboxes made of polyethylene and glass 

fibre reinforced plastic. CHALMERS University of Technology, 2017. 

�]�³Ĵĭı . õĨĭłŇĻ  ĳħĽ III ¥GQÍ  (EPD). ö  2019 X 7 � 1 | . 

https://ecoleaf-label.jp/pdf_view.php?uuid=e83e8d73-c946-4192-8546-2766f8bb6e84.pdf

&filename=JR-AU-19001E.pdf. 

³?�
B�M�. ¥GWM�]ņŀĴŃņw�ï. zS/: ³?�
B�M�, 2004. 

�Çv`, , ¯	ÁK. õR[ºąę�6�ip$Ĕ i�ĴŇĳľŇı�pđċĔ'¨�ē

êĉĠ°µ.ö 2011. 

å. Tatami Ĕ�Úð+�O¿�. noJM, 2019. 

 

 

ー 82 ー



 
 3�

8�
LC

A
�

�
	


�
�
�
�
�
�
�
�

 

3�
8�

1�
S

im
aP

ro
�
�
�
�

  

�
�
)
%
'


�
+
�
#
"
7
?
3
(
�
�
�
�
7
?
3
+
�
�
9
>
2
1
&
 
$

Si
m

aP
ro
�
'
�
�
 
"
�
�
�
'
�
�
 
"
9
>
2
1
�
+
�
!
�

 

 �
 3
�

22
 �

�
 
"
9
>
2
1
�
�

 

.
6
0
=

 

�
�

 
Si

m
aP

ro
�
�
�

 
:
;

 

8
,
-
9
<
1
4
5
/

 8
,
-

PE
 B

io
PE

(B
ra

sk
em

 N
ew

sR
el

ea
se

) 
�
�
(

01
~0

8
)
%
(
9
>
2
1
+
�
	
 
$
�
*

 

�
 

�
 

01
_S

ug
ar

ca
ne

 G
ro

w
in

g_
A

gr
ic

ul
tu

ra
l O

pe
ra

tio
ns

 
�

 

�
 

�
 

02
_S

ug
ar

ca
ne

 G
ro

w
in

g_
La

nd
 U

se
 C

ha
ng

e 
C

re
di

ts
 

�
 

�
 

�
 

03
_S

ug
ar

ca
ne

 G
ro

w
in

g_
C

O
2 

U
pt

ak
e 

�
 

�
 

�
 

04
_E

th
an

ol
 P

ro
du

ct
io

n_
Et

ha
no

l P
ro

du
ct

io
n 

�
 

�
 

�
 

05
_E

th
an

ol
 P

ro
du

ct
io

n_
B

ag
as

se
 B

ur
ni

ng
 

�
 

�
 

�
 

06
_E

th
an

ol
 P

ro
du

ct
io

n_
El

ec
tri

ci
ty

 C
og

en
er

at
io

n 
C

re
di

ts
 
�

 

�
 

�
 

07
_I

'm
 G

re
en

 P
E_

Et
ha

no
l T

ra
ns

po
rt 

�
 

�
 

�
 

08
_I

'm
 G

re
en

 P
E_

In
du

st
ria

l O
pe

ra
tio

ns
 (E

th
yl

en
e 

an
d 

PE
) 
�

 

�
�
�

 
C

N
F 

C
el

lu
lo

se
 N

an
of

ib
er

s(
C

N
F)

 
�
�
(

01
~0

6
)
%
(
9
>
2
1
+
�
	
 
$
�
*

 

�
 

�
 

01
_p

la
nt

in
g 

an
d 

lo
gg

in
g 

�
 

�
 

�
 

02
_c

hi
pp

in
g 

�
 

�
 

�
 

03
_t

ra
ns

po
rta

tio
n 

�
 

�
 

�
 

04
_p

re
lim

in
ar

y 
gr

in
di

ng
 

�
 

ー 83 ー



 
 

.
6
0
=

 

�
�

 
Si

m
aP

ro
�
�
�

 
:
;

 

�
 

�
 

05
_f

in
e 

gr
in

di
ng

 
�

 

�
 

�
 

06
_c

la
ss

ify
in

g 
�

 

 

ー 84 ー



 
 

3�8�1�1
����	��� 
L?�'G�@ACJV\_Wa+�1.V\_Wa+�I" �
G��U>S@NG

SimaPro �I��]`aU*�=@2��JV\_Wa+�I^`ZY8Q" >S Emissions, 

carbon dioxide (fossil), air, unspecified UV\_Wa+�E�Q8GFSP5G��]`aU
I

OIK��U=@2<I-G�!>S��]`aJ1��=@^`ZYI IDEA (Xa[I/ 2

�U�;@OID3S2 

 

 
�  190 V\+G��>S��]`aI*��   

�)I�:�6U&A@^`ZYJ77MH^`ZYI�$I�	G energy EB4C4S^

`ZYD3R1�,I^`ZYJV\_Wa+�E%6QTS91energy EB4C4F4^`ZY

D3S2��G�:�6U&A@^`ZYE��=@��]`a�U#>2 

ー 85 ー



 
 

 

 
 3
*

23
 &
�
@
�
6
5
N
P
F
E
�
$

 

N
P
F
E
�

 
�
�
2
5
�
�
M
P
Q

 
�
�

 

cr
ud

e 
oi

l, 
im

po
rte

d 
{J

P}
 | 

05
21

11
22

2 
| U

 
Em

is
si

on
s, 

ca
rb

on
 d

io
xi

de
 (f

os
si

l),
 a

ir,
 

un
sp

ec
ifi

ed
, 0

5 
)

 

en
er

gy
, a

nt
hr

ac
ite

 c
oa

l c
om

bu
st

io
n 

{J
P}

 | 
05

11
12

80
2 

| U
 

en
er

gy
, c

ok
in

g 
co

al
, f

or
 b

lo
w

in
g 

co
m

bu
st

io
n 

{J
P}

 | 
05

11
11

80
2 

| U
 

en
er

gy
, c

ok
in

g 
co

al
, f

or
 c

ok
e 

co
m

bu
st

io
n 

{J
P}

 | 
05

11
11

80
1 

| U
 

en
er

gy
, c

ru
de

 o
il 

co
m

bu
st

io
n 

{J
P}

 | 
05

21
11

80
1 

| U
 

en
er

gy
, l

iq
ue

fie
d 

na
tu

ra
l g

as
 (L

N
G

) c
om

bu
st

io
n 

{J
P}

 | 
05

21
12

80
2 

| U
 

en
er

gy
, L

N
G

, i
nt

er
na

l c
om

bu
st

io
n 

en
gi

ne
, d

ie
se

l e
ng

in
e,

 e
xc

ep
t t

ra
ns

po
rta

tio
n 

us
e 

{J
P}

 | 
05

21
12

87
5 

| U
 

en
er

gy
, L

N
G

, i
nt

er
na

l c
om

bu
st

io
n 

en
gi

ne
, g

as
 tu

rb
in

e,
 e

xc
ep

t t
ra

ns
po

rta
tio

n 
us

e 
{J

P}
 | 

05
21

12
87

4 
| U

 

en
er

gy
, n

at
ur

al
 g

as
 c

om
bu

st
io

n 
{J

P}
 | 

05
21

12
80

1 
| U

 

en
er

gy
, n

at
ur

al
 g

as
 li

qu
id

s (
N

G
L)

 c
om

bu
st

io
n 

{J
P}

 | 
05

21
12

80
5 

| U
 

en
er

gy
, n

at
ur

al
 g

as
, i

nt
er

na
l c

om
bu

st
io

n 
en

gi
ne

, g
as

 tu
rb

in
e,

 e
xc

ep
t t

ra
ns

po
rta

tio
n 

us
e 

{J
P}

 | 
05

21
12

89
6 

| U
 

en
er

gy
, t

he
rm

al
 c

oa
l c

om
bu

st
io

n 
{J

P}
 | 

05
11

12
80

1 
| U

 

C
4 

di
st

ill
at

e,
 n

ap
ht

ha
 c

ra
ck

in
g 

{J
P}

 | 
17

31
19

00
0 

| U
 

Em
is

si
on

s, 
ca

rb
on

 d
io

xi
de

 (f
os

si
l),

 a
ir,

 
un

sp
ec

ifi
ed

, 1
7 

)
 

cr
ac

ke
d 

ga
so

lin
e,

 n
ap

ht
ha

 c
ra

ck
in

g 
{J

P}
 | 

17
31

18
00

0 
| U

 

en
er

gy
, d

im
et

hy
l e

th
er

 (D
M

E)
 c

om
bu

st
io

n 
{J

P}
 | 

17
39

19
80

2 
| U

 

en
er

gy
, e

th
yl

 te
rti

ar
yb

ut
yl

 e
th

er
 (E

TB
E)

 c
om

bu
st

io
n 

{J
P}

 | 
17

39
49

80
2 

| U
 

en
er

gy
, m

et
ha

ne
 c

om
bu

st
io

n 
{J

P}
 | 

17
39

19
80

3 
| U

 

en
er

gy
, m

et
ha

no
l c

om
bu

st
io

n 
{J

P}
 | 

17
39

19
80

1 
| U

 

ー 86 ー



 
 

N
P
F
E
�

 
�
�
2
5
�
�
M
P
Q

 
�
�

 

et
hy

le
ne

, n
ap

ht
ha

 c
ra

ck
in

g 
{J

P}
 | 

17
31

11
00

0 
| U

 

hy
dr

og
en

-r
ic

h 
ga

s, 
na

ph
th

a 
cr

ac
ki

ng
 {

JP
} 

| 1
72

31
21

02
 | 

U
 

m
et

ha
ne

 ri
ch

 g
as

, n
ap

ht
ha

 c
ra

ck
in

g 
{J

P}
 | 

17
39

19
11

1 
| U

 

pr
op

yl
en

e,
 n

ap
ht

ha
 c

ra
ck

in
g 

{J
P}

 | 
17

31
12

00
0 

| U
 

en
er

gy
, b

la
st

 fu
rn

ac
e 

ga
s (

B
FG

) c
om

bu
st

io
n 

{J
P}

 | 
18

31
12

80
2 

| U
 

Em
is

si
on

s, 
ca

rb
on

 d
io

xi
de

 (f
os

si
l),

 a
ir,

 
un

sp
ec

ifi
ed

, 1
8 

)
 

en
er

gy
, b

riq
ue

tte
 a

nd
  

ov
al

 b
riq

ue
tte

 c
om

bu
st

io
n 

{J
P}

 | 
18

91
11

80
1 

| U
 

en
er

gy
, c

ok
e 

co
m

bu
st

io
n 

{J
P}

 | 
18

31
11

80
1 

| U
 

en
er

gy
, c

ok
e 

ov
en

 g
as

 (C
O

G
) c

om
bu

st
io

n 
{J

P}
 | 

18
31

12
80

1 
| U

 

en
er

gy
, c

ok
e,

 fo
r i

ro
n 

an
d 

st
ee

l c
om

bu
st

io
n 

{J
P}

 | 
18

31
11

80
3 

| U
 

en
er

gy
, e

le
ct

ric
 fu

rn
ac

e 
ga

s (
EF

G
) c

om
bu

st
io

n 
{J

P}
 | 

18
31

12
80

4 
| U

 

en
er

gy
, g

as
ol

in
e 

co
m

bu
st

io
n 

{J
P}

 | 
18

11
11

80
1 

| U
 

en
er

gy
, h

ea
vy

 fu
el

 o
il 

A
 c

om
bu

st
io

n 
{J

P}
 | 

18
11

16
80

1 
| U

 

en
er

gy
, h

ea
vy

 fu
el

 o
il 

B
 c

om
bu

st
io

n 
{J

P}
 | 

18
11

17
80

1 
| U

 

en
er

gy
, h

ea
vy

 fu
el

 o
il 

C
 c

om
bu

st
io

n 
{J

P}
 | 

18
11

18
80

1 
| U

 

en
er

gy
, h

yd
ro

ca
rb

on
 o

il 
co

m
bu

st
io

n 
{J

P}
 | 

18
11

25
80

1 
| U

 

en
er

gy
, j

et
 fu

el
 o

il 
co

m
bu

st
io

n 
{J

P}
 | 

18
11

13
80

1 
| U

 

en
er

gy
, k

er
os

en
e 

co
m

bu
st

io
n 

{J
P}

 | 
18

11
14

80
1 

| U
 

en
er

gy
, k

er
os

en
e,

 in
te

rn
al

 c
om

bu
st

io
n 

en
gi

ne
, g

as
 tu

rb
in

e,
 e

xc
ep

t t
ra

ns
po

rta
tio

n 
us

e 
{J

P}
 | 

18
11

14
87

4 
| U

 

en
er

gy
, L

D
-c

on
ve

rte
r g

as
 (L

D
G

) c
om

bu
st

io
n 

{J
P}

 | 
18

31
12

80
3 

| U
 

en
er

gy
, l

ig
ht

 o
il 

co
m

bu
st

io
n 

{J
P}

 | 
18

11
15

80
1 

| U
 

en
er

gy
, l

ig
ht

 o
il,

 in
te

rn
al

 c
om

bu
st

io
n 

en
gi

ne
, d

ie
se

l e
ng

in
e,

 e
xc

ep
t t

ra
ns

po
rta

tio
n 

us
e 

{J
P}

 | 
18

11
15

87
5 

| U
 

ー 87 ー



 
 

N
P
F
E
�

 
�
�
2
5
�
�
M
P
Q

 
�
�

 

en
er

gy
, l

ig
ht

 o
il,

 in
te

rn
al

 c
om

bu
st

io
n 

en
gi

ne
, g

as
 tu

rb
in

e,
 e

xc
ep

t t
ra

ns
po

rta
tio

n 
us

e 
{J

P}
 | 

18
11

15
87

4 
| U

 

en
er

gy
, l

iq
ue

fie
d 

pe
tro

le
um

 g
as

 (L
PG

) c
om

bu
st

io
n 

{J
P}

 | 
18

11
24

80
1 

| U
 

en
er

gy
, l

iq
ue

fie
d 

pe
tro

le
um

 g
as

 (L
PG

), 
in

te
rn

al
 c

om
bu

st
io

n 
en

gi
ne

, g
as

 tu
rb

in
e,

 
ex

ce
pt

 tr
an

sp
or

ta
tio

n 
us

e 
{J

P}
 | 

18
11

24
87

6 
| U

 

en
er

gy
, n

ap
ht

ha
 c

om
bu

st
io

n 
{J

P}
 | 

18
11

12
80

1 
| U

 

en
er

gy
, o

il 
co

ke
s c

om
bu

st
io

n 
{J

P}
 | 

18
99

19
80

1 
| U

 

en
er

gy
, p

et
ro

le
um

-b
as

ed
 h

yd
ro

ca
rb

on
 g

as
 c

om
bu

st
io

n 
{J

P}
 | 

18
11

26
80

2 
| U

 

en
er

gy
, r

ef
in

er
y 

ga
s c

om
bu

st
io

n 
{J

P}
 | 

18
11

26
80

1 
| U

 

en
er

gy
, t

ar
 c

om
bu

st
io

n 
{J

P}
 | 

18
31

13
80

1 
| U

 

na
ph

th
a 

{J
P}

 | 
18

11
12

00
0 

| U
 

el
ec

tri
ci

ty
 b

y 
an

th
ra

ci
te

, G
LO

 e
xc

ep
t J

ap
an

 {
G

LO
} 

| 3
38

21
20

00
 | 

U
 

Em
is

si
on

s, 
ca

rb
on

 d
io

xi
de

 (f
os

si
l),

 a
ir,

 
un

sp
ec

ifi
ed

, 3
3 

)
 

el
ec

tri
ci

ty
 b

y 
bi

tu
m

in
ou

s c
oa

l, 
G

LO
 e

xc
ep

t J
ap

an
 {

G
LO

} 
| 3

38
21

30
00

 | 
U

 

el
ec

tri
ci

ty
 b

y 
co

al
, J

ap
an

 {
JP

} 
| 3

38
11

70
00

 | 
U

 

el
ec

tri
ci

ty
 b

y 
C

O
G

, J
ap

an
 {

JP
} 

| 3
38

11
10

00
 | 

U
 

el
ec

tri
ci

ty
 b

y 
co

ke
 o

ve
n 

ga
s, 

G
LO

 e
xc

ep
t J

ap
an

 {
G

LO
} 

| 3
38

22
70

00
 | 

U
 

el
ec

tri
ci

ty
 b

y 
co

ke
, G

LO
 e

xc
ep

t J
ap

an
 {

G
LO

} 
| 3

38
22

60
00

 | 
U

 

el
ec

tri
ci

ty
 b

y 
cr

ud
e 

oi
l, 

G
LO

 e
xc

ep
t J

ap
an

 {
G

LO
} 

| 3
38

21
60

00
 | 

U
 

el
ec

tri
ci

ty
 b

y 
cr

ud
e 

oi
l, 

Ja
pa

n 
{J

P}
 | 

33
81

15
00

0 
| U

 

el
ec

tri
ci

ty
 b

y 
ga

so
lin

e,
 G

LO
 e

xc
ep

t J
ap

an
 {

G
LO

} 
| 3

38
21

80
00

 | 
U

 

el
ec

tri
ci

ty
 b

y 
he

av
y 

oi
l, 

G
LO

 e
xc

ep
t J

ap
an

 {
G

LO
} 

| 3
38

22
20

00
 | 

U
 

el
ec

tri
ci

ty
 b

y 
he

av
y 

oi
l, 

Ja
pa

n 
{J

P}
 | 

33
81

16
00

0 
| U

 

el
ec

tri
ci

ty
 b

y 
ke

ro
se

ne
, G

LO
 e

xc
ep

t J
ap

an
 {

G
LO

} 
| 3

38
22

00
00

 | 
U

 

ー 88 ー



 
 

N
P
F
E
�

 
�
�
2
5
�
�
M
P
Q

 
�
�

 

el
ec

tri
ci

ty
 b

y 
lig

ht
 o

il,
 G

LO
 e

xc
ep

t J
ap

an
 {

G
LO

} 
| 3

38
22

10
00

 | 
U

 

el
ec

tri
ci

ty
 b

y 
lig

ht
 o

il,
 Ja

pa
n 

{J
P}

 | 
33

81
14

00
0 

| U
 

el
ec

tri
ci

ty
 b

y 
lig

ni
te

, G
LO

 e
xc

ep
t J

ap
an

 {
G

LO
} 

| 3
38

21
50

00
 | 

U
 

el
ec

tri
ci

ty
 b

y 
liq

ue
fie

d 
pe

tro
le

um
 g

as
, G

LO
 e

xc
ep

t J
ap

an
 {

G
LO

} 
| 3

38
22

30
00

 | 
U

 

el
ec

tri
ci

ty
 b

y 
LN

G
, J

ap
an

 {
JP

} 
| 3

38
11

20
00

 | 
U

 

el
ec

tri
ci

ty
 b

y 
LP

G
, J

ap
an

 {
JP

} 
| 3

38
11

30
00

 | 
U

 

el
ec

tri
ci

ty
 b

y 
na

ph
th

a,
 G

LO
 e

xc
ep

t J
ap

an
 {

G
LO

} 
| 3

38
21

90
00

 | 
U

 

el
ec

tri
ci

ty
 b

y 
na

tu
ra

l g
as

, G
LO

 e
xc

ep
t J

ap
an

 {
G

LO
} 

| 3
38

21
70

00
 | 

U
 

el
ec

tri
ci

ty
 b

y 
su

bb
itu

m
in

ou
s c

oa
l, 

G
LO

 e
xc

ep
t J

ap
an

 {
G

LO
} 

| 3
38

21
40

00
 | 

U
 

en
er

gy
, t

ow
n 

ga
s 1

3A
 c

om
bu

st
io

n 
{J

P}
 | 

34
11

11
80

1 
| U

 
Em

is
si

on
s, 

ca
rb

on
 d

io
xi

de
 (f

os
si

l),
 a

ir,
 

un
sp

ec
ifi

ed
, 3

4 
)

 

ra
il 

tra
ns

po
rta

tio
n 

se
rv

ic
e,

 fr
ei

gh
t {

JP
} 

| 4
21

21
10

00
 | 

U
 

Em
is

si
on

s, 
ca

rb
on

 d
io

xi
de

 (f
os

si
l),

 a
ir,

 
un

sp
ec

ifi
ed

, 4
2 

)
 

ra
il 

tra
ns

po
rta

tio
n 

se
rv

ic
e,

 p
as

se
ng

er
 {

JP
} 

| 4
21

11
10

00
 | 

U
 

co
nt

ra
ct

ed
 o

m
ni

bu
s t

ra
ns

po
rta

tio
n 

se
rv

ic
e 

{J
P}

 | 
43

11
12

00
0 

| U
 

Em
is

si
on

s, 
ca

rb
on

 d
io

xi
de

 (f
os

si
l),

 a
ir,

 
un

sp
ec

ifi
ed

, 4
3 

)
 

om
ni

bu
s t

ra
ns

po
rta

tio
n 

se
rv

ic
e 

{J
P}

 | 
43

11
11

00
0 

| U
 

pa
ss

en
ge

r v
eh

ic
le

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 b

us
in

es
s u

se
 {

JP
} 

| 4
32

11
10

00
 | 

U
 

pa
ss

en
ge

r v
eh

ic
le

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 p

riv
at

e,
 c

ar
s w

ith
 e

ng
in

e 
si

ze
 le

ss
 th

an
 6

60
cc

 
{J

P}
 | 

43
31

12
00

0 
| U

 

pa
ss

en
ge

r v
eh

ic
le

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 p

riv
at

e,
 e

xc
ep

t c
ar

s w
ith

 e
ng

in
e 

si
ze

 le
ss

 th
an

 
66

0c
c 

{J
P}

 | 
43

31
11

00
0 

| U
 

pr
iv

at
e 

bu
s t

ra
ns

po
rta

tio
n 

se
rv

ic
e 

{J
P}

 | 
43

11
13

00
0 

| U
 

sp
ec

ia
l-p

ur
po

se
 v

eh
ic

le
  

tra
ns

po
rta

tio
n 

se
rv

ic
e,

 b
us

in
es

s u
se

 {
JP

} 
| 4

41
11

30
00

 | 
U

 
Em

is
si

on
s, 

ca
rb

on
 d

io
xi

de
 (f

os
si

l),
 a

ir,
 

un
sp

ec
ifi

ed
, 4

4 
)

 

sp
ec

ia
l-p

ur
po

se
 v

eh
ic

le
  

tra
ns

po
rta

tio
n 

se
rv

ic
e,

 p
riv

at
e 

{J
P}

 | 
44

21
13

00
0 

| U
 

ー 89 ー



 
 

N
P
F
E
�

 
�
�
2
5
�
�
M
P
Q

 
�
�

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

 a
ve

ra
ge

 {
JP

} 
| 4

41
11

31
04

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

0%
 {

JP
} 

| 4
41

11
31

07
 | 

U
 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

10
%

 {
JP

} 
| 4

41
11

31
06

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

10
0%

 {
JP

} 
| 4

41
11

31
01

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

25
%

 {
JP

} 
| 4

41
11

31
05

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

50
%

 {
JP

} 
| 4

41
11

31
03

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

75
%

 {
JP

} 
| 4

41
11

31
02

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

6k
l t

an
k,

 lo
ad

in
g 

ra
tio

 a
ve

ra
ge

 {
JP

} 
| 4

41
11

32
04

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

6k
l t

an
k,

 lo
ad

in
g 

ra
tio

0%
 {

JP
} 

| 4
41

11
32

07
 | 

U
 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

6k
l t

an
k,

 lo
ad

in
g 

ra
tio

10
%

 {
JP

} 
| 4

41
11

32
06

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

6k
l t

an
k,

 lo
ad

in
g 

ra
tio

10
0%

 {
JP

} 
| 4

41
11

32
01

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

6k
l t

an
k,

 lo
ad

in
g 

ra
tio

25
%

 {
JP

} 
| 4

41
11

32
05

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

6k
l t

an
k,

 lo
ad

in
g 

ra
tio

50
%

 {
JP

} 
| 4

41
11

32
03

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 1

6k
l t

an
k,

 lo
ad

in
g 

ra
tio

75
%

 {
JP

} 
| 4

41
11

32
02

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 2

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

 a
ve

ra
ge

 {
JP

} 
| 4

41
11

33
04

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 2

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

0%
 {

JP
} 

| 4
41

11
33

07
 | 

U
 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 2

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

10
%

 {
JP

} 
| 4

41
11

33
06

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 2

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

10
0%

 {
JP

} 
| 4

41
11

33
01

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 2

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

25
%

 {
JP

} 
| 4

41
11

33
05

 | 
U

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 2

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

50
%

 {
JP

} 
| 4

41
11

33
03

 | 
U

 

ー 90 ー



 
 

N
P
F
E
�

 
�
�
2
5
�
�
M
P
Q

 
�
�

 

ta
nk

 lo
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e,
 2

0k
l t

an
k,

 lo
ad

in
g 

ra
tio

75
%

 {
JP

} 
| 4

41
11

33
02

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

.5
t t

ru
ck

, l
oa

di
ng

 ra
tio

 a
ve

ra
ge

 {
JP

} 
| 4

41
11

11
04

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

.5
t t

ru
ck

, l
oa

di
ng

 ra
tio

0%
 {

JP
} 

| 4
41

11
11

07
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

.5
t t

ru
ck

, l
oa

di
ng

 ra
tio

10
%

 {
JP

} 
| 4

41
11

11
06

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

.5
t t

ru
ck

, l
oa

di
ng

 ra
tio

10
0%

 {
JP

} 
| 4

41
11

11
01

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

.5
t t

ru
ck

, l
oa

di
ng

 ra
tio

25
%

 {
JP

} 
| 4

41
11

11
05

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

.5
t t

ru
ck

, l
oa

di
ng

 ra
tio

50
%

 {
JP

} 
| 4

41
11

11
03

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

.5
t t

ru
ck

, l
oa

di
ng

 ra
tio

75
%

 {
JP

} 
| 4

41
11

11
02

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

 a
ve

ra
ge

 {
JP

} 
| 4

41
11

14
04

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

0%
 {

JP
} 

| 4
41

11
14

07
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

10
%

 {
JP

} 
| 4

41
11

14
06

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

10
0%

 {
JP

} 
| 4

41
11

14
01

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

25
%

 {
JP

} 
| 4

41
11

14
05

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

50
%

 {
JP

} 
| 4

41
11

14
03

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

75
%

 {
JP

} 
| 4

41
11

14
02

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

5t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

 a
ve

ra
ge

 {
JP

} 
| 4

41
11

15
04

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

5t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

0%
 {

JP
} 

| 4
41

11
15

07
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

5t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

10
%

 {
JP

} 
| 4

41
11

15
06

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

5t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

10
0%

 {
JP

} 
| 4

41
11

15
01

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

5t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

25
%

 {
JP

} 
| 4

41
11

15
05

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

5t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

50
%

 {
JP

} 
| 4

41
11

15
03

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 1

5t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

75
%

 {
JP

} 
| 4

41
11

15
02

 | 
U

 

ー 91 ー



 
 

N
P
F
E
�

 
�
�
2
5
�
�
M
P
Q

 
�
�

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

 a
ve

ra
ge

 {
JP

} 
| 4

41
11

16
04

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

0%
 {

JP
} 

| 4
41

11
16

07
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

10
%

 {
JP

} 
| 4

41
11

16
06

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

10
0%

 {
JP

} 
| 4

41
11

16
01

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

25
%

 {
JP

} 
| 4

41
11

16
05

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

50
%

 {
JP

} 
| 4

41
11

16
03

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

0t
 tr

uc
k,

 lo
ad

in
g 

ra
tio

75
%

 {
JP

} 
| 4

41
11

16
02

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

t t
ru

ck
, l

oa
di

ng
 ra

tio
 a

ve
ra

ge
 {

JP
} 

| 4
41

11
12

04
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

t t
ru

ck
, l

oa
di

ng
 ra

tio
0%

 {
JP

} 
| 4

41
11

12
07

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

t t
ru

ck
, l

oa
di

ng
 ra

tio
10

%
 {

JP
} 

| 4
41

11
12

06
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

t t
ru

ck
, l

oa
di

ng
 ra

tio
10

0%
 {

JP
} 

| 4
41

11
12

01
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

t t
ru

ck
, l

oa
di

ng
 ra

tio
25

%
 {

JP
} 

| 4
41

11
12

05
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

t t
ru

ck
, l

oa
di

ng
 ra

tio
50

%
 {

JP
} 

| 4
41

11
12

03
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 2

t t
ru

ck
, l

oa
di

ng
 ra

tio
75

%
 {

JP
} 

| 4
41

11
12

02
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 4

t t
ru

ck
, l

oa
di

ng
 ra

tio
 a

ve
ra

ge
 {

JP
} 

| 4
41

11
13

04
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 4

t t
ru

ck
, l

oa
di

ng
 ra

tio
0%

 {
JP

} 
| 4

41
11

13
07

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 4

t t
ru

ck
, l

oa
di

ng
 ra

tio
10

%
 {

JP
} 

| 4
41

11
13

06
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 4

t t
ru

ck
, l

oa
di

ng
 ra

tio
10

0%
 {

JP
} 

| 4
41

11
13

01
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 4

t t
ru

ck
, l

oa
di

ng
 ra

tio
25

%
 {

JP
} 

| 4
41

11
13

05
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 4

t t
ru

ck
, l

oa
di

ng
 ra

tio
50

%
 {

JP
} 

| 4
41

11
13

03
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 4

t t
ru

ck
, l

oa
di

ng
 ra

tio
75

%
 {

JP
} 

| 4
41

11
13

02
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 b

us
in

es
s u

se
 {

JP
} 

| 4
41

11
10

00
 | 

U
 

ー 92 ー



 
 

N
P
F
E
�

 
�
�
2
5
�
�
M
P
Q

 
�
�

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 e

ng
in

e 
si

ze
 6

60
cc

-2
00

0c
c,

 b
us

in
es

s u
se

 {
JP

} 
| 4

41
11

20
00

 
| U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 e

ng
in

e 
si

ze
 6

60
cc

-2
00

0c
c,

 p
riv

at
e 

{J
P}

 | 
44

21
12

00
0 

| U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 e

ng
in

e 
si

ze
 le

ss
 th

an
 6

60
cc

, b
us

in
es

s u
se

 {
JP

} 
| 

44
11

14
00

0 
| U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 e

ng
in

e 
si

ze
 le

ss
 th

an
 6

60
cc

, p
riv

at
e 

{J
P}

 | 
44

21
14

00
0 

| U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t t

ru
ck

, l
oa

di
ng

 ra
tio

 a
ve

ra
ge

 {
JP

} 
| 4

41
11

41
04

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t t

ru
ck

, l
oa

di
ng

 ra
tio

0%
 {

JP
} 

| 4
41

11
41

07
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t t

ru
ck

, l
oa

di
ng

 ra
tio

10
%

 {
JP

} 
| 4

41
11

41
06

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t t

ru
ck

, l
oa

di
ng

 ra
tio

10
0%

 {
JP

} 
| 4

41
11

41
01

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t t

ru
ck

, l
oa

di
ng

 ra
tio

25
%

 {
JP

} 
| 4

41
11

41
05

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t t

ru
ck

, l
oa

di
ng

 ra
tio

50
%

 {
JP

} 
| 4

41
11

41
03

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t t

ru
ck

, l
oa

di
ng

 ra
tio

75
%

 {
JP

} 
| 4

41
11

41
02

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t v

an
, l

oa
di

ng
 ra

tio
 a

ve
ra

ge
 {

JP
} 

| 4
41

11
21

04
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t v

an
, l

oa
di

ng
 ra

tio
0%

 {
JP

} 
| 4

41
11

21
07

 | 
U

 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t v

an
, l

oa
di

ng
 ra

tio
10

%
 {

JP
} 

| 4
41

11
21

06
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t v

an
, l

oa
di

ng
 ra

tio
10

0%
 {

JP
} 

| 4
41

11
21

01
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t v

an
, l

oa
di

ng
 ra

tio
25

%
 {

JP
} 

| 4
41

11
21

05
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t v

an
, l

oa
di

ng
 ra

tio
50

%
 {

JP
} 

| 4
41

11
21

03
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 li

gh
t v

an
, l

oa
di

ng
 ra

tio
75

%
 {

JP
} 

| 4
41

11
21

02
 | 

U
 

tru
ck

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 p

riv
at

e 
{J

P}
 | 

44
21

11
00

0 
| U

 

co
as

tw
is

e 
ve

ss
el

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 c

ar
go

 {
JP

} 
| 4

52
21

10
00

 | 
U

 
Em

is
si

on
s, 

ca
rb

on
 d

io
xi

de
 (f

os
si

l),
 a

ir,
 

un
sp

ec
ifi

ed
, 4

5 
)

 

co
as

tw
is

e 
ve

ss
el

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 c

ar
go

, t
an

ke
r {

JP
} 

| 4
52

21
20

00
 | 

U
 

ー 93 ー



 
 

N
P
F
E
�

 
�
�
2
5
�
�
M
P
Q

 
�
�

 

co
as

tw
is

e 
ve

ss
el

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 p

as
se

ng
er

 {
JP

} 
| 4

52
11

10
00

 | 
U

 

fe
rr

y 
tra

ns
po

rta
tio

n 
se

rv
ic

e 
{E

U
} 

| 4
52

20
01

00
 | 

U
 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 c

oa
l c

ar
rie

r <
80

kD
W

T 
{J

P}
 | 

45
12

00
10

9 
| U

 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 c

oa
l c

ar
rie

r >
80

kD
W

T 
{J

P}
 | 

45
12

00
11

0 
| U

 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 c

on
ta

in
er

 sh
ip

 (c
hi

lle
d 

an
d 

fr
oz

en
) <

4k
TE

U
 {

JP
} 

| 
45

12
00

11
3 

| U
 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 c

on
ta

in
er

 sh
ip

 (c
hi

lle
d 

an
d 

fr
oz

en
) >

4k
TE

U
 {

JP
} 

| 
45

12
00

11
4 

| U
 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 c

on
ta

in
er

 sh
ip

 <
4k

TE
U

 {
JP

} 
| 4

51
20

01
07

 | 
U

 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 c

on
ta

in
er

 sh
ip

 >
4k

TE
U

 {
JP

} 
| 4

51
20

01
08

 | 
U

 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 c

ru
de

 o
il 

ta
nk

er
 <

80
kD

W
T 

{J
P}

 | 
45

12
00

10
1 

| U
 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 c

ru
de

 o
il 

ta
nk

er
 >

80
kD

W
T 

{J
P}

 | 
45

12
00

10
2 

| U
 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 ir

on
 o

re
 c

ar
rie

r <
80

kD
W

T 
{J

P}
 | 

45
12

00
11

1 
| U

 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 ir

on
 o

re
 c

ar
rie

r >
80

kD
W

T 
{J

P}
 | 

45
12

00
11

2 
| U

 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 L

N
G

 ta
nk

er
 {

JP
} 

| 4
51

20
01

00
 | 

U
 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 o

il 
pr

od
uc

t t
an

ke
r <

80
kD

W
T 

{J
P}

 | 
45

12
00

10
3 

| U
 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 o

il 
pr

od
uc

t t
an

ke
r >

80
kD

W
T 

{J
P}

 | 
45

12
00

10
4 

| U
 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 o

th
er

 b
ul

k 
ca

rr
ie

r <
80

kD
W

T 
{J

P}
 | 

45
12

00
10

5 
| U

 

sh
ip

 tr
an

sp
or

ta
tio

n 
se

rv
ic

e,
 o

th
er

 b
ul

k 
ca

rr
ie

r >
80

kD
W

T 
{J

P}
 | 

45
12

00
10

6 
| U

 

tra
ns

po
rta

tio
n 

se
rv

ic
e 

by
 p

us
he

r b
ar

ge
, d

ec
k 

ba
rg

e 
{J

P}
 | 

45
22

13
00

0 
| U

 

ai
r t

ra
ns

po
rta

tio
n 

se
rv

ic
e,

 c
ar

go
, d

om
es

tic
 {

JP
} 

| 4
62

11
10

00
 | 

U
 

Em
is

si
on

s, 
ca

rb
on

 d
io

xi
de

 (f
os

si
l),

 a
ir,

 
un

sp
ec

ifi
ed

, 4
6 

)
 

ai
r t

ra
ns

po
rta

tio
n 

se
rv

ic
e,

 c
ar

go
, i

nt
er

na
tio

na
l {

JP
} 

| 4
62

11
20

00
 | 

U
 

ai
r t

ra
ns

po
rta

tio
n 

se
rv

ic
e,

 p
as

se
ng

er
, d

om
es

tic
 {

JP
} 

| 4
61

11
10

00
 | 

U
 

ー 94 ー



 
 

N
P
F
E
�

 
�
�
2
5
�
�
M
P
Q

 
�
�

 

ai
r t

ra
ns

po
rta

tio
n 

se
rv

ic
e,

 p
as

se
ng

er
, i

nt
er

na
tio

na
l {

JP
} 

| 4
61

11
20

00
 | 

U
 

en
er

gy
, R

ef
us

e 
D

er
iv

ed
 F

ue
l (

R
D

F)
 c

om
bu

st
io

n 
{J

P}
 | 

51
91

00
80

3 
| U

 
Em

is
si

on
s, 

ca
rb

on
 d

io
xi

de
 (f

os
si

l),
 a

ir,
 

un
sp

ec
ifi

ed
, 5

1 

)
 

en
er

gy
, w

as
te

 p
la

st
ic

s c
om

bu
st

io
n 

{J
P}

 | 
51

91
00

80
2 

| U
 

en
er

gy
, w

as
te

 ti
re

s c
om

bu
st

io
n 

{J
P}

 | 
51

91
00

80
1 

| U
 

01
_p

la
nt

in
g 

an
d 

lo
gg

in
g 

Em
is

si
on

s, 
ca

rb
on

 d
io

xi
de

 (f
os

si
l),

 a
ir,

 
un

sp
ec

ifi
ed

, 9
9-

3 
�
#
�
!
@
2
5
N
P

F
E
<
5
>

ID
EA
"

�
D
Q
K
/
�

2
:

-
,
4
1
8

99
<
�



@
�
?
�
7
5
,

 

01
_S

ug
ar

ca
ne

 G
ro

w
in

g_
A

gr
ic

ul
tu

ra
l O

pe
ra

tio
ns

 

02
_c

hi
pp

in
g 

03
_t

ra
ns

po
rta

tio
n 

04
_E

th
an

ol
 P

ro
du

ct
io

n_
Et

ha
no

l P
ro

du
ct

io
n 

04
_p

re
lim

in
ar

y 
gr

in
di

ng
 

05
_f

in
e 

gr
in

di
ng

 

06
_c

la
ss

ify
in

g 

06
_E

th
an

ol
 P

ro
du

ct
io

n_
El

ec
tri

ci
ty

 C
og

en
er

at
io

n 
C

re
di

ts
 

07
_I

'm
 G

re
en

 P
E_

Et
ha

no
l T

ra
ns

po
rt 

08
_I

'm
 G

re
en

 P
E_

In
du

st
ria

l O
pe

ra
tio

ns
 (E

th
yl

en
e 

an
d 

PE
) 

 �
%
<
�
�
M
P
Q
@
�
0
�
.
5
N
P
F
E
@
�
�
2
+
�
;
�
�
J
Q
G
@

Si
m

aP
ro
=
�
!
@
�
6
5
,
	
'
2
5
J
Q
G
<
�
+
L
A
B
N
O
E
H
I
C
@
�
9
2
7

�
!
�
(
@
�
3
,

 

 

ー 95 ー



 
 

3812� ��������� 
[Braskem 2017]^)1	_
��^!�_\M,@^ kgCO2e/kg ^	^aL:=OgY

IVHTNZ SimaPro ]�8QfA]_,@^uxoni�#PG�*txy^��i 1 � 1

Z&5PVH&5�[,@]&5PV�*txyi3QH 

 

 

 

�  3E20D SimaPro�^&5�  
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 7  3E24 sjl PE ^uxon�[�*txy^&5  

uxon� &5PV�*txy kr< Bkr< 

01_Sugarcane Growing_Agricultural 
Operations 

Emissions, carbon dioxide (fossil), 
air, unspecified, 99-3 F D  

02_Sugarcane Growing_Land Use 
Change Credits 

Emissions, carbon dioxide (fossil), 
air, unspecified D  F 

03_Sugarcane Growing_CO2 Uptake Emissions, carbon dioxide (fossil), 
air, unspecified D  F 

04_Ethanol Production_Ethanol 
Production 

Emissions, carbon dioxide (fossil), 
air, unspecified, 99-3 F D  

05_Ethanol Production_Bagasse Burning Emissions, carbon dioxide (fossil), 
air, unspecified D  F 

06_Ethanol Production_Electricity 
Cogeneration Credits 

Emissions, carbon dioxide (fossil), 
air, unspecified, 99-3 F D  

07_I'm Green PE_Ethanol Transport Emissions, carbon dioxide (fossil), 
air, unspecified, 99-3 F D  

08_I'm Green PE_Industrial Operations 
(Ethylene and PE) 

Emissions, carbon dioxide (fossil), 
air, unspecified, 99-3 F D  

 

+] 1� 1Z&5PVuxoni`[bfuxoni�#PGTgUg^uxon^%
?]:=

OgV kgCO2e/kg^	i
�PVH 

�  3E21D sjl PE ^�8  

N^dJ]PYsjl PE^uxoni�8PVH�:^$CZ.��]XIYc�8i6WVH 

 

3813� ��
�	��� 
�2PV IDEAv2 qypvyn]_krwmy</[Bkrwmy</i94Qf$-L

�8OgYKeRG��^4�]�VWY�#PVHvyn[PV^_ IPCC 2013 GWP^$

-ZG�;[\WYIf�*txyikrwmy</[Bkrwmy</]��PVHkrw

my</]_�>iPV�*txy^a[PGBkrwmy</_Tg��^�*txy[P

VH��]�#PV$-^��Qf�*txy[�(i3QH 
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7  3E25 �8PVkr<GBkr<^$-  

����� ����	 
���

�� 

 

01_��� CO2 
(IPCC 2013) 

Emissions, carbon dioxide (fossil), air, unspecified, 05 1 kg CO2 e / kg 

Emissions, carbon dioxide (fossil), air, unspecified, 17 1 kg CO2 e / kg 

Emissions, carbon dioxide (fossil), air, unspecified, 18 1 kg CO2 e / kg 

Emissions, carbon dioxide (fossil), air, unspecified, 33 1 kg CO2 e / kg 

Emissions, carbon dioxide (fossil), air, unspecified, 34 1 kg CO2 e / kg 

Emissions, carbon dioxide (fossil), air, unspecified, 42 1 kg CO2 e / kg 

Emissions, carbon dioxide (fossil), air, unspecified, 43 1 kg CO2 e / kg 

Emissions, carbon dioxide (fossil), air, unspecified, 44 1 kg CO2 e / kg 

Emissions, carbon dioxide (fossil), air, unspecified, 45 1 kg CO2 e / kg 

Emissions, carbon dioxide (fossil), air, unspecified, 46 1 kg CO2 e / kg 

Emissions, carbon dioxide (fossil), air, unspecified, 51 1 kg CO2 e / kg 

Emissions, carbon dioxide (fossil), air, unspecified, 99-1 1 kg CO2 e / kg 

Emissions, carbon dioxide (fossil), air, unspecified, 99-2 1 kg CO2 e / kg 

Emissions, carbon dioxide (fossil), air, unspecified, 99-3 1 kg CO2 e / kg 

02_����
CO2 (IPCC 
2013) 

Emissions, carbon dioxide (fossil), air, unspecified 1 kg CO2 e / kg 

Emissions, carbon dioxide, air, unspecified 1 kg CO2 e / kg 

Emissions, methane (biogenic), air, unspecified 28 kg CO2 e / kg 

Emissions, methane, air, unspecified 28 kg CO2 e / kg 

Emissions, methane (fossil), air, unspecified 30 kg CO2 e / kg 

Emissions, nitrous oxide, air, unspecified 265 kg CO2 e / kg 

Emissions, HCFC-141b, air, unspecified 782 kg CO2 e / kg 

Emissions, HFC-134a, air, unspecified 1300 kg CO2 e / kg 

Emissions, HCFC-22, air, unspecified 1760 kg CO2 e / kg 

Emissions, CFC-11, air, unspecified 4660 kg CO2 e / kg 
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Emissions, PFC-14, air, unspecified 6630 kg CO2 e / kg 

Emissions, CFC-12, air, unspecified 10200 kg CO2 e / kg 

Emissions, PFC-116, air, unspecified 11100 kg CO2 e / kg 

Emissions, sulfur hexafluoride, air, unspecified 23500 kg CO2 e / kg 

`VNge^0 ��(i 1 X]`[bV GHG [IJ$-c�#PVHGHG ^$-]XI
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$  3�22� 00B_11_L+¦¼ÓÌÐÏ¼´ºÐ  ¦-v�  

 

ÂºÆ¾É³²¨¦²µÃËÁÃ�#��®�w"¥<��®�g[¦^\ËÑ¿¾�y��®¡

�¬��®§¼ÓÌÐÏ¼´ºÐ°t��£¥ª ¡g[¦7�°�B���©¢���¦A¦ PP

£ PE¦^\¶ÅÐ¹Ó§ [Earth Engineering Center City College of New York 2016]�«3e��

w"¦NpM6��°;��¯�7��£�q�ª�¥��� 

P¥L+¦5G&£ 3DËÏÒÃ¦-vnH°h�� 
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$  3�24� 3D ËÏÒÀ¦-vnH   

 

SimaPro�¢{,�¡�ÈÎÍÓÀ¦�x°�z¥h�� 

 

u  3�28 ÈÎÍÓÀ�x  

ÈÎÍÓÀ   �o 

BF_Weight 10 Product Weight(kg) ���¬w"��  

AF_Weight 10 Product Weight(kg) ���¬w"�� 

BF_PPMix 0.95 PlasticsMix(%) PP¦�� 

BF_PEMix 0.05 PlasticsMix(%) PE¦�� 

BF_LossWeightPer 0.05 Percentage(%) w�Ñ¾b 0.01=1% 

AF_LossWeightPer 0 Percentage(%) w�Ñ¾b 0.01=1%  

AF_MixingLoss 0.05 Percentage(%) U�Ñ¾b 0.01=1%  

BF_AdditivePer 0 Additive Percentage(%) V��¦7����  0.01=1% 
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ÈÎÍÓÀ   �o 

AF_AdditivePer 0.3 Additive Percentage(%) V��¦7��� � 0.01=1% 

BF_Electricity 2.747252747 
Consumption Electricity(kWh) 1kg ��¬¦S|��(#
�64) 

BF_OSLand 50 
Kilometer(km) �? R*���� Ç´· PE¦(�Ê
Î½Ð%� 50km 

AF_OSLand 50 Kilometer(km) �? R*���� 50km 

BF_Marine 10500 
Kilometer(km) �? R�sr�� Ç´· PE¦(�Ê
Î½Ð�´ÀÏ² 

AF_Marine 22000 Kilometer(km) �? R�sr��  22000km 

BF_Domestic 50 Kilometer(km) �? %����� 50km 

AF_Domestic 50 Kilometer(km) �? %����� 50km 

BF_OSLandProduct 500 Kilometer(km) w"  R*���� 500km 

AF_OSLandProduct 0 Kilometer(km) w"  R*���� 

BF_MarineProduct 18000 Kilometer(km) w" R�sr�� 18000km 

AF_MarineProduct 0 Kilometer(km) w" R�sr�� 

BF_DProduct 500 Kilometer(km) w" %����� 500km 

AF_DProduct 100 Kilometer(km) w" %����� 100km 

BF_DLossWeight 50 Kilometer(km) �/Ñ¾2K %��� 50km 

AF_DLossWeight 50 Kilometer(km) �/Ñ¾2K %��� 50km 

BF_DProductRecove
ry 50 Kilometer(km) ÌÂÏ²ÐÏ¼´ºÐ %��� 50km 

AF_DProductRecove
ry 50 Kilometer(km) ÌÂÏ²ÐÏ¼´ºÐ %��� 50km 

BF_RPer 1 Percentage(%) 2K�¦Ï¼´ºÐ�� 1=100% 

AF_RPer 1 Percentage(%) 2K�¦Ï¼´ºÐ�� 1=100% 

BF_LPer 0 Percentage(%) 2K�¦'j�� 0=0% 

AF_LPer 0 Percentage(%) 2K�¦'j�� 0=0% 

BF_InPer 0 Percentage(%) 2K�¦\��� 0=0% 

AF_InPer 0 Percentage(%) 2K�¦\��� 0=0% 

BF_MRPer 0.15 Percentage(%) Ï¼´ºÐ��¦ÌÂÏ²ÐÏ¼´ºÐ��
 0.15=15% 

AF_MRPer 0.15 Percentage(%) Ï¼´ºÐ��¦ÌÂÏ²ÐÏ¼´ºÐ��
 0.15=15% 

BF_TRPer 0.85 Percentage(%) Ï¼´ºÐ��¦¼ÓÌÐÏ¼´ºÐ�� 
0.85=85% 
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ÈÎÍÓÀ   �o 

AF_TRPer 0.85 Percentage(%) Ï¼´ºÐ��¦¼ÓÌÐÏ¼´ºÐ�� 
0.85=85% 

BF_Mold_weight 50.8912843 Mold Weight(kg) �&¦}�� 5Gw"e 

BF_Mold_usecount 300 Mold Usecount(time) �&¦
e#= 5Gw"e 

AF_Mold_weight 0 Mold Weight(kg) �&¦}�� 3DËÏÒÀe 

BF_Matchine_weight 50000 Matchine Weight(kg) w�OJ¦}�� 5Gw"e 

AF_Matchine_weight 1000 Matchine Weight(kg) w�OJ¦}�� 3DËÏÒÀe 

BF_MatLifetime 50 Count� OJ¦.! 5Gw"e 

AF_MatLifetime 5 Count� OJ¦.! 3DËÏÒÀe 

BF_yearProduction 10000 Count� OJ¦1�cd= 5Gw"e 

AF_yearProduction 365 Count� OJ¦1�cd= 3DËÏÒÀe 

AF_MRPer_H 1 
Percentage(%) Ï¼´ºÐ��¦ÌÂÏ²ÐÏ¼´ºÐ��
¦�Q0Ï¼´ºÐ� 1=100% 

AF_MRPer_S 0 
Percentage(%) Ï¼´ºÐ��¦ÌÂÏ²ÐÏ¼´ºÐ��
¦�¸¾»ÓÄÏ¼´ºÐ� 0=0% 

AF_Voltage 200 Voltage(V) 3DËÏÒÀ¦,I 

AF_Ampere 60 Ampere(A) 3DËÏÒÀ¦,I 

AF_tatamikW_1 0.4 
Consumption Electricity(kW) 3DËÏÒÀ¦�� Tatami
¦-W(C�¦�D~�Õ 

AF_TatamikW_2 0.4 
Consumption Electricity(kW) 3DËÏÒÀ¦�� Tatami
¦-WÔi��Õ 

AF_Hour_1 0 
Hour(h)� 3DËÏÒÀ¢1����¥�� ¡��A�
(C�¦�D~�Õ 

AF_Hour_2 4 
Hour(h)� 3DËÏÒÀ¢1����¥�� ¡��A�
Ôi��Õ 

AF_CNF_IncRat 0.103 
V��¦`}¦{,¥�e� ¿ÐÑÓ¾É±´ÇÓ°�

e � l¦Z�£�>aª¬9��  

AF_CF_MJ 12.05 

¿ÐÑÓ¾É±´ÇÓ°
��¦^\(MJ/kg)� l¦	�
f]�°�e����_£XY¢)¯�©��¦(94
00+14700)/2=12050KJ/kg °�e���� http://www.oit.ac.
jp/env/cardamom/~wastcoex/Elem_Behav_MSWI/Typica
l%20value%20of%20waste%20constituents,%20doboku%2
0gakkai.pdf 

BF_BioPE_Use 0 
5G&¢Ç´· PE°�e�(�� 1=�e�� 0=�e
�¤� 

AF_BioPE_Use 1 
3DËÏÒÀ¢Ç´· PE °
e�(� 1=�e� 0=
�e�¤� 
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ÈÎÍÓÀ   �o 

BF_IT 1 5G"_cd%:,� 1=´ÀÏ² 

BF_JP 0 5G"_cd%:,� 1=@E 

AF_CoalSub 1 3DËÏÒÀ� RPF¥ªg[�B 0=¤� 1=�¬ 

BF_CoalSub 1 5G" g[�B 0=¤� 1=�¬ 

BF_LT_Production 
BF_MatLifeti
me*BF_yearP
roduction 

Count cTcd= 

AF_LT_Production 
AF_MatLifeti
me*AF_yearP
roduction 

Count cTcd= 

BF_PEWeight BF_Weight-B
F_Additive PE weight(kg) mF PE¦}� 

AF_PEWeight AF_Weight-A
F_Additive PE weight(kg) mF PE¦}� 

AF_Electricity 

(AF_tatamik
W_1*AF_Ho
ur_1)+(AF_ta
tamikW_2*A
F_Hour_2) 

Consumption Electricity(kWh) 3DËÏÒÀ¢¦�� 1�
��¬¦S|�� 

BF_Additive 
BF_Weight*
BF_AdditiveP
er 

Additive weight(kg) V���� 

AF_Additive 
AF_Weight*
AF_Additive
Per 

Additive weight(kg) V���� 
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