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Abstract 

 

Coppers have been used for many products in our life due to its abundant supply and high 

performance in electric conductivity and thermal conductivity. However, copper supply shortage is 

potentially estimated in addition to rate metal shortfall due to the increasing demand today and in 

the future. It is true that copper is generally supplied from scrap metals but little assessment has 

been made for copper resource sustainability considering the recycle flow in the future. 

 

The purpose of this paper is to estimate and assess a future state of domestic copper demand and 

supply in industries of automobile, electric appliance and construction from a viewpoint of 

sustainability toward 2030 by dynamic material flow model. 

 

The simulation result illustrates that copper stocks in the market in 2030 is estimated to be 4 

million tons and it reproduces 100,000 tons of recycled copper resources again to the market. 

Furthermore, copper demand in 2030 is expected to increase 1.5 times to 2008 and it will causes 

drastic shortage of copper resources as much as 61,000 tons in 2030 if there is no change in 

domestic copper supply. The shortage is likely to cause difficulty for producing 2 million clean 

energy vehicles. The result also shows that housing industry become a source of copper supply 

while automobile industry greatly suffer from the shortage in the future according to the 

category-based analysis,  

 

In addition, the author found that the shortage of copper resources decrease as much as 40,000 

tons even considering improvement of the recycle systems or developing alternative technologies, 

and this result evidence that it is important to promote recycling and develop alternative 

technologies abreast. 

 

Therefore, the author believes that the proposed simulation model enables to design a social 

system considering resource circulation by conducting sustainability assessment in any other 

industries and products. The simulation can be improved by disclosure of detailed information on 

copper usage and disposal distribution per product. 
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D9/�pìD94/Nì4:òJ̧ 578»6©ªrì1 
 |C~«¬�®¯°��)

    ±V��¢ïìÀ�):pf&¯B²³Æ´6èSYpVµ¼d&¶�Z¦4Lpoïêòì1*ï6*&EEÁ�¢ïêòì·¿:̧ EA*&À�9Mê�[Vª«Sâ¢ïêòì·¿9Mê¸´rì»¼/@ì1 @ì¹º»À�»Z¦4¼¼¦½¾/LpoïêAA��rì»)´¿/@ì4:�	»À�»¶�Z¦9bò4@ìwxy4�òD9:À�»À�4cE5/:Á5ò¶�Z¦V�4Â]ìD9:EYÀ�»¶�Z¦/@ìYp:*ï) ¡E/»·¿9)Ë80ò�4�ÄßS«9Mê@�oïì1 
 |}~*+,ÃÄÅÆÇÃÄÈÉ°��)    ÊËy}Ì/�òoïìÍÎÏÐl¿ u

MTTF
{¦�	»À�»ÏÐl¿»�¤6!õê:*ï6�[ª«Sâ·¿9rì»¼/@ì1Dï)À�Ñ9»l¿»bò¦:*»À�»�¤6�òìD9/WAÁ5ò�[ª«Sâ·¿¦ ¡äáåæç6�pìD94/Nì1M5M:À� »ÍÎÏÐl¿¦�¤6!õ0nïöòn0ò�:@JE/À�»ÏÐäáåæç/@A:*ï4 ¡E/»·¿9)Ë80ò1 

 |Ò~*+,7�®¯ÈÉ°��)
    �	» ¡£5o:¢ò¸ÀÃ¢ïYQ»0»5¡:¢ò¸ ¡¢ïYQ»0»5¡6!"MêÁ�Z¦»�¤6�p:*ï6�[ª«Sâ·¿9rì»¼/@ì1DïQ:À� »bò¦:Ó� »bò6ÊrD94/N:EY: ¡£/!õêòìYp:À�»ÏÐXn/0J:¹¶º¶»¨ÔèÖVWì ¡Q\./AA:�	»��pq<=»äáåæçVYò1M5M: ¡£6!"M*»Á�Z¦6!õìV):À�Ñ9:ÀÃZ : ¡Z V�nêàætßæçM:E9p0nïö0ouüýV�¿455ìYp:D»�¶ä6t¸À�)üýV�0JÕLH90ì1 
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3-3-2
VWXJK78# @ìZ
t
VAnì ¡�

W(t)
9�[ª«Sâ¦ S(t)

):��V�[×ÛP¢ïYÀ�»�9 ¡�¤V�lY ¡�6Ý#{Øì�/�poïì1D»78»��
�ã6ÿ÷ÙÚ¶ÛÜæ·dæª
�ã9òò:�J��[19]Ý/Þß¢ïêòì1    �	V@ìZ
t
» ¡�

W(t)
6�pì1    @ìÀ�)

a
ZVàáV(�¢ï:aZV) I(a)

¥4��¢ïY9rì1*»À�)@ì·¿¹¶º¶VWlêÁ�¢ïYP: ¡¢ïì4:À� »âã»·däå¦�æç»èÖ»·däåVWA: ¡»äáåæç4e0lêJì1QMD» ¡»·däå4�¤è¦
g(x)
V�S9rì9:s Z�» ¡è¦) g(s)

90A:a ZV��¢ïYÀ�»
s
Z�» ¡¥¦)

g(s)éI(a)9Ê¢ïì1@ìZ t
» ¡¥¦):

s
Z�

 
)
t-a
Z9Ê¢�ìYp:aZV��¢ïYÀ�» t

Z» ¡¥¦
w(t)
)
    

w(t)w(t)w(t)w(t)    ====    g(tg(tg(tg(t----a)a)a)a)�I(a)I(a)I(a)I(a)� � � � � � � � � � � � � � � (1)(1)(1)(1)    90ì1 À�)
a
ZÜêQ��4vòYQ»9rì9:ëZ»��¥¦) I(a+1):ë�Z)

I(a+2)
9Ê¢ïì1 $]WSV

a+1,a+2
ZV��¢ïYÀ�Q$]�¤V�ò ¡¢ïY9rì9:tZVAnì ¡�)*ï�ï

 

w(t) = g(t-(a+1))3I(a+1) 

w(t) = g(t-(a+2))3I(a+2) 9Ê¢ï:À�»ì(�5oíZP(a+3Z)V ¡¢ïìÀ�»�) 
a+3
ZV ¡¢ïìÀ�»�

 î u
a
ZV��¢ïYÀ�»

a+3
Z» ¡¥¦{

 

+
u
a+1
ZV��¢ïYÀ�»ïZ�» ¡¥¦{

 

+
u
a+2
ZV��¢ïYÀ�»ðZ�» ¡¥¦{

 WA: 
a
ZV��¢ïYÀ�»

a+3
Z» ¡¥¦

wa(a+3)
)
 

wa(a+3)=g(a+3-a) �I(a) = g(3) �I(a)   (2) 

a+1
ZV��¢ïYÀ�»ïZ�» ¡¥¦

wa+1(a+3)
)
 

wa+1(a+3)=g(a+3-(a+1)) �I(a+1) = g(2) �I(a+1)   (3) 

a+2
ZV��¢ïYÀ�»

1
Z�»��¥¦

wa+2(a+3)
)
 

wa+2(a+3)=g(a+3-(a+2)) �I(a+2) = g(1) �I(a+2)       (4) 90ì1 



 

 

�lê
a+3
ZVAnì

w(a+3)=g(3) �I(a) + g(2)90A:tZ» ¡�6

 
 
 
 ���� �

I(t)

  g(t): t

  ñòóô 
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óõö÷øùúûüý
(2)þ(3)þ(4)ÿ�þ 

I(a) + g(2) �I(a+1) + g(1) �I(a+2) ���ó�ý
 

� � � � ����	
�� � ���
��

���

 
 
 
 
 ���    

I(t): t���	ó
��÷�ú 
g(t): t���	ó
���÷øù���� 
a: 
õö÷��÷�� 

�
3-7�øùú÷��� 
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3-3-3
]^�_`	JK78# 
�����úý  !"#$�
���%"&'(÷ú)ñ  !"#$�øù%"&'(÷ú)$��ó!ñ*$+óô!"�õö,-��.óñþ /0123456789:;<=/0>=56?@7    A    9:;<=BC7 (6)(6)(6)(6)    ñò�þ!"#$÷
��÷õöDE�ýFG�÷HIúJ-KòL�ÿ�þ#&!"#$÷øù�ý
3-3-2

$��&øùúMüNJOÿ���ó!ñ*$+óô PQ�Ró� t
÷
�����úS(t)

���óô Róõö*a�STI%"&ñUþa�÷HIV�* I(a)
VWñ.óôX�Y�ýZ[��÷õö*øù%"ó&�þI(a)��X�Y÷øùV��\Z&]÷*þ
������ñòóô 

S(a+1) =  I(a) S(a+1) =  I(a) S(a+1) =  I(a) S(a+1) =  I(a) �    w(a+1)w(a+1)w(a+1)w(a+1)� � � � � � � � � (7)(7)(7)(7)    ñòóô ^�a+1�_�HI%"&V��I(a+1)
ñU`

a+1�_÷
������ý��óñþ 
S(a+1) = I(a+1) + I (a) S(a+1) = I(a+1) + I (a) S(a+1) = I(a+1) + I (a) S(a+1) = I(a+1) + I (a) ––––    { w(a+1) + w(a){ w(a+1) + w(a){ w(a+1) + w(a){ w(a+1) + w(a)}}}}� � � (8)(8)(8)(8)    ñòóô ^÷�÷����úS(a+2)

ý
 

S(a+2) = I(a+2) + I (a+1) + I(a) – { w(a+2) + w(a+1) + w(a)} ñòó*þ(8)��abñþ 
S(a+2) = S(a+1) + I(a+2) S(a+2) = S(a+1) + I(a+2) S(a+2) = S(a+1) + I(a+2) S(a+2) = S(a+1) + I(a+2) ––––    w(a+2)w(a+2)w(a+2)w(a+2)� � � � � � (9)(9)(9)(9)    ñc+d��"óô e#�þa+2�÷
�����úýa+1�÷
�����ú�a+2�_÷HIV��f�þa+2�_÷øùV��\Z&]÷$Róô Ró� t

�gZóñþ 
S(t) = S(tS(t) = S(tS(t) = S(tS(t) = S(t----1) + I(t) 1) + I(t) 1) + I(t) 1) + I(t) ----    W(t)W(t)W(t)W(t)� � � � � � � � � � (10)(10)(10)(10)    ñh%"!"ý

W(t)
ý
(5)
���c+d�`þ 

���� � ��  +  � ���� + �� � � ����
��

���

�� � ���

��

���

 
 ����    ijklt > at > at > at > a    ñhmóô 



 

 

    

3-3-4
abG�VW%cnõö÷øù���oøùp÷�qrs]tuö÷agvw÷xZ]÷]��y�HI%"&õz÷�${|FG���þ}~�J-K*�����g��òLýþ�-*�Z÷�}�þ������ý���*�gU�òL÷��*��%"$Róôz"�f������.óp]Ró&�þ
 

3-3-5
�ST	#de!78#

3-3-2 �`øùú���%"þ��%"&õö��	ó�agú÷�$�
62 

�
3-8�
�����ú÷��� 


abG�VW%c o�ó!ñýþøùp�ÿ�`ý ¡ò¢£$tu$Ró&�þ¤¥�òV�÷¦§*¨Uýþ©ª÷HI�J-K*«¬"`Z&�þõö÷.�`÷øù*#Wq¬�`ZòZñZ	ó®¯þ���ö_þ°±pý�'(�`Zó�²$Róô³´�µ¶*�g.óõ-��³´·¸÷����OòL�ÿ�}~ö_þ®¯¹º÷�$»g¯þ°±¹º÷`øù�.ó]÷$����O¼*}~�½"`Zóö_$R�þ����O¾y���ó��O�¿.óÀ_*�[þPQ÷��V�NJO÷ÁÂ��ZÃZô 

�ST	#de!78# �óNJO�Ä±U&ô]Uøù%"&õö�.�`÷�'(*����O%""Åþø�^'(DEú*�#óôU�UPQý.�`

 

$øù*�¬"þUZôz÷Æþõ��U&ñU`Z�&Ç]Róô �È[�gU`�õöþµÉgÊË~�����O¼÷�$ÌÍ�Î�½[þ����OÏ$ÐU&ö_�òL÷J-K*
ö÷.�`*��øùúñ

1 ÑÒ�`÷øùp*��



 

 

%"ó!ñýò[þ.�÷DEú���óNJOÓ-Ô-��÷øùp���%"ó¬	$ýòùú�¿.ó��ú÷ÕL"W	*����OÖ

FG÷øùp����×�^'(ñU`DE%DEú
F(t)
ýþ^÷ÿb

 

F(t) = W(t)F(t) = W(t)F(t) = W(t)F(t) = W(t)�

  W(t):
øù

C1:
õö

1

x(t):
��¼

y(t):
���

    

63 

`÷'(*����O%"ó!ñýØZôÙO�Ä±.óÚÛ*RóôNJO��3-9 �ÜpýþÝÞ%"&�þß�à`þá«â�ÿ�ZôÙ�`L"W	*��%"&����óÕû���¼ñ.óô̂ ���%"&õö�ãÖä%"�÷�^'(ñòó÷������O

�
3-9�����Oåæ-NJO 

 ��%"óøùp÷Õû���¼
x(t)þ��"óÕû�����O¼

y(t)
ñ.óñþRó�h%"óô 

�C1C1C1C1�x(t)x(t)x(t)x(t)�y(t)y(t)y(t)y(t)� � � (1(1(1(12222))))    ùú
 

1
VR&��ã#"ó�ú ¼
 ��O¼

 

    

Ù�`þ�^'(Ü.ô    ¤`*��´�óÚÛ*R�þøã#"ó�÷b×þO¼ñU&ô    

 �%"&'(÷bó� t
÷
2
^çè
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3-4��;9:� �÷é^'(DEú�eZ`ýþ�êëìíúþ�rîìíúþ�Ý�ú÷ÿbòï$!"#$÷ðü*ñ�"`Zó*þ1-1ò$óôU&ÿb�DE÷õö÷÷øù*Róúû$z÷Mü�Mü.ó!ñý¨UZôßýú�¿.ó÷þ��* 35 �ÿy$Ró&�þ��÷����$Ró2030�#$ý��÷�-�$ýDE$+ó]÷ñ��þ��ý��÷é^DEú*z÷##�¬�òZ]÷ñU&ô 
 

3-5����1< �'(÷�ÛúñDEú�	+ò
����`Zó÷*�÷Â$Róô�Eú÷tu���ÿ�`Âý�®Uz"�ÿ��Eú*o�%"ó*þ��ýÊ�ÿóÂ�÷
�]R�þ�EñÂ�®÷��*���[Zúû$RóôÙ�`þ��ýÂ�ÿó�E�÷
�ý��UòZ]÷ñ.óô 
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�4444��� ��    

4-1�=>?@ABC$% 

4-1-1
�4X �����=���
    ®¯÷ò�$]��ý��»g¯þ��»g¯þ� !»g¯�¿"ñU&ô!"�»g¯÷�Ûúý{|®¯µ´#�`þFG÷ìíV�þ�ÿ$ÝÞV�þFGÞ%V�÷ðü
[20]
*#ñ��"`Zó &�

4-1'ô!"�(óñþFG$ìí%"`Zó»g¯÷b×)�*Ï*+,�ÝÞ%"`ZóÇ*¬�óô»g¯�ÿóFG÷��Ûý!÷FGìíV�ñòóô ®¯
1
VR&�÷�÷agúý{|-KO¢./01÷o2[21]��16.2 3ñU`�÷�Ûú���óô &WUþ45»g¯$]þ6�7��8®¯��9®¯òL÷�9N-K-�agU&]÷�:;�<èñU&»g¯òL÷

CEV (Clean energy vehicle)
ýþ

1
VR&�÷�agú*!"#$÷=>��¯÷2?ñ@¬"`��þõö��	`��óÚÛ*Róô 6�7��8®¯��9®¯÷!"#$ìíV��(óñþ2008�#$ý6�7��8®¯÷A�	ñò�&B�C��HIU`Zó�DK*,÷V�ý�ò[`]ZZELFú÷&�þ�DK®*ThU`Zó6�7��8®¯÷V�

[22]
�z÷##ag.ó &�

4-2'ô2009�*GýPHJ-K*Ih%"`ZòZ&�þ�Û���JK[ìíV��LM.óô 
1
VR&�÷�agúý#Wo2*%"`ZòZ*þ=>��®¯÷2?�R&óþ32.4 3ñU&ô 
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 �
4-1�»g¯÷FGìíV� 

 

 

 �
4-2�6�7��8®¯HIV� &�DK' &ÞN O�DK®

,̄News Release,2009.09.04
�P�É� 

http://www2.toyota.co.jp/jp/news/09/09/nt09_0901.html' 
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�Q�RS=���
    ^�TU÷�Ûú����bñþ
¶VW÷�X�FY�ZXòLþ%#[#ò��*$+óô\����%"`Zó]^_�`aòL��®¯÷�Ûú÷����Zþz"�P�bc÷øù÷ÁÂ���`]dZ*þ#eýþ2008��Jf�ñUþ®¯ìíV�*z÷##TU�gcU&¶û÷bc÷øù�ÁÂ.ó!ñ�.óôÙ�`þ2009�*G÷FG®¯ìíV�ýþ2008�÷992 h 8 iVñ45V�ñU&ô &WUz÷Gjý!"��#.#.6�7��8®¯þ�9®¯*�k.óÇ*�l#"óô�4-3

ýmno*pqU&�9®¯þ6�7��8®¯þBur��6�7��8®¯òL̂ st®¯÷SVHIV�[9]$Róô ®¯÷�-KOìíV�ý�¬�òZ*þz÷Gjýz÷pq�JK[]÷ñ.óô 

 �
4-3�uvwHIV�pq &ÞN Omnoþ^st®¯�kxyþ&WUþ2016z2019�þ2021z2029�ý

2015�þ2020�þ2030�÷V��P�MMU&ô' 
 

 ^�+,ÝÞ�÷uvw÷ìíV�ý2030��ÝÞ®¯V�÷50{*uvw�òóñU`pqU& &�
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4-4�»g¯÷ìíV�ñuvw÷ìíV� 

 �
3333
�|}~����=���

 *Ï÷©ªþ�ÿ$TU÷»g¯ìíV��P�þ=>��¯þuvwz"�"÷
1
VR&�÷�agú��¤¥÷��Ûú���&]÷��4-5 �Ü.ô�÷�Ûúý
1990��FGHI�	÷ìíV�*��&&��16 h��ñ��&*z÷Y�Û*��U&ôU�U®¯÷ÝÞ*2006����fUþ#&2004���6�7��8®¯*HI%"&Ç�ÿ�2004����÷�Ûý�f�c	þ

2008��ý16 h 8 i��ñò�&ô2009�*Gý®¯÷ìíV�ý�¬�ò*þuvw÷�k�ÿ��÷�Ûý�fUþ2030��ý24 h 9 i��ñ2008�÷�
1.5?�òóô 
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4-1-2
VWX ���/0>=¦§�    Ró���	ó
��÷�úýþz÷�÷õö÷Ó-Ô-�÷HIúñòóô»g¯�eZ`ýþFG$ìí%"&»g¯÷b×�)�ý+,�ÝÞ%"`��þ¨�÷V�*FGÞ%V�$Ró &�
4-1'ô&WUþz÷©ýFí÷»g¯÷(÷ú$R�þÝ�%"&®¯÷V�ýã#"`ZòZô�4-6 �FGìí»g¯÷FGÞ%V�ñ+,--ª-®¯÷«¬V�

[23]
�h.ô&WU+,--ª-÷®¯«¬V�ý	� �u��òL»g¯*,÷V�]ã#"`Zó]÷$Róô !"�(óñþ{|FG��Z`+,--ª-®¯÷«¬V�ýþFí--ª-÷FGÞ%V�ÿ�®�FòZ&�þ��ý!"���meþFGÞ%V�÷ú�gZóô 
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4-6�»g¯÷FGÞ%V�ñÝ�¯÷FG«¬V� &ÞN OÝ�V�ý{|®¯Ý�¯ûþFGÞ%V�ý{|®¯µ´#÷ðü�P�É�' 
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�Q�BC°7
 ®¯÷øùýþ±�7O���d[Ùbñ%"`��þS¯HIV��²³V�÷´µ¶ÿ�±�7O��÷n·u--K���þ®¯÷
��÷¨�¼���&/0

[24]
$]z"*\¸%"`Zóô ��ýz÷/0$���"&±�7O��÷·u--K�gZ`þøùV����&ôpU�1983��
���%"&»g¯÷MüøùV�Mü��4-7 �Ü.ôuvw�eZ`ýðüJ-K*òZ&�þ45���Ùbñ.óô »g¯÷øù���� O±�7O\¼¹y�� 

g�t� � mt��
�

� e��º
 

t: 
´w

(t>0) 

m: 
ïú·u--K

(m>0) »: ¼y·u--K(»>0) 
m = 2.956,  »= 7.856 #&õö÷��÷�� a

ý��ag.óJ-K*ñ�"`Zó��÷�÷1983�ñ.óô 
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3-2
÷NJO��]ñ��"&ø¯V���

4-8 �Ü.ô1984���1997�À#$ýø¯V�*�fU`Zó*!"ýþJ-K÷��y*1983�$R�þz"*Á÷J-K*��UòZ&�$Róô�4-7
�(óñ

1983���%"&»g¯ý14�Y÷1997��� 99{*øù%"óôÙ�`!÷øùV�J-Ký1997�*G÷J-K�gZó!ñ�.óô uvwý2010���44hVþ2030��ý�213hV*øù%"óñMü%"&ô 

 �
4-8�»g¯÷Müø¯V� 
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 �
4-9�
�����V�Mü »g¯÷¶ûþ²³V�ðü[20]*ñ�"`��þ1983�÷²³V�ý
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V$Róô����&
�����V��!÷V��fqUþ²³V�ðüñ}~�U& &�
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4-1-3
9:��;�X�]^�_`	X áâãäåæçèéêëìíîïðñèéòóôõöæç÷øìíîïðñ÷ùáâãäúûåüýõöþÿ����÷����ñ�	
��äú÷���ýô3-3-5�ö���ñ�����������áâúùô�ä��ô 
C1: ��1

è�åó�� äúõ÷
 

x(t): !"# 
y(t):

���ñ�#
 �$%ú&'ù�úû (�)

1
è�åó�� äúõö÷�

4-1-1
��*%åò+�ô ,-�.) /

16.2kg 012 /
32.4kg ø3úû ÿ�!"#��úùô4ä�ìí5ãæç6äå(�)ù7äü8!"6ä	
6äú5��úû9!áâåæ)èé�ìí5ãæç6äúèé��äù:�;<ö���ñ�=>�!"6äú8��?�åâô!"#�áâúù&'��úû @A)�

2005B5ã@A)���ñ�CùDE6äô���ñ�ùFG�H
6äúò+�?Iåû�J?í�@A)���ñ�KLM.N�ù2005B5ã@A)ö!"èé�OP[25]ý�QóôP 4-1
�9!áâåæ)èéøRS�P3û 

2005BöTUæçèé�V3úWXö!"èéöYR�Z 7
Y��úùô[\]=^ö_

 ̀ [26]
�Q��ô2005B�Z 3

YùabcödefgChç?7�Eigj�?I��úøklý�Qóô4ömnøRo3úû�äpq�@A)���ñ�CöDEörs�òó!"#ùtuý��úøTv�wúû 
 P

4-1xæçèéø!"èé yez /!"èé�@A)���ñ�KLM.N�ö{A_`é�|�} 
 

 ÿ����ñ�#�!"6äå(�)5ã7äü8öõ��ùþÿ��øý����ñ�6äú5��úùô~� 15B�����V�$����3ú���=_`
���� ���� ���� ����

��	
�� ������� ������ �������� �������

������� �������� ��������� ��������� ���������

��� ����� ����� ���� �����
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�
[27]
��ôWX�@A)���ý�õö��ù7äü8���ñ�6äå5�$�ýåmnù�úû4ä�òúøô��ö	
�EIå�R�55.4�öõù���ñ�6ä�æç����3úø_`ý��úåâô���ñ�#�44.6���úû���ñ�#�B���6ä��úø��ãäúùô�öT{���8ú4øù�w?5Iååâô9!�4ö���ñ�#���åû 012��������ñ�ö��Nù��åâô,-�.)ø��ö!"#ô���ñ�#øýåû(�)5ãöõöþÿ����÷� 4-11

�¡3û012ùæç6ä�¢úò+�?óôþÿ��øý���6äúõö÷£¤¥ýô2030B��
37 ¦ï.ø?úû 
 

  §
-11x(�)�Q8úõöþÿ����÷¨v 

 ìíîïðñ÷�©�öìíîïðñèéø1
è�åóöõ÷öª�á úû 

4-12
�¡3û4«ã£012ù¬ê3ú4ø�òó(�)øý�ìí�îïðñ6äúõö÷ù¤�ô2017B�100 ï.�®�ô2030B��116 ï.�¯3úû 
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4-12x(�)�òúìíîïðñõ÷  
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4-2�DE 4F� 

4-2-1
�4X ÁÂÃÄÅÆÇÈÉ
 ÊËÌôÍÎÏ.ôÐÑÒôÓÔÕöÖ'÷�ô×ØCÙÚÛ��ÜÝù1985B5ãö;<Þ]èéô;<eßèéô1990B5ãödàèéôdeèé� øâ��ú

[28]û �ö+«1990B5ã2007B �öÊËÌö;<eßô;<Þ]ôdeôdàèé� 
4-13

�¡3û;<Þ]�1997B�537 è�;<�Þ]ý��åùô�öá�Þ]÷ùâã�äåý��úû;<öeßèé�1998B�;<Þ]èé�t!úò+�?Iåû4ä�;<öæç�Þ]ý��å£öùôabc{èýå4ø�òú£ö��úø��ãäúû�ä�é�dàèéù¤¥ý2007B��;<Þ]èé�t!Iåû ÐÑÒô��êÍÎÏ.� 4-14ô 4-15
��äëä¡3ùô�ìò+?T{ø?I��úûÚÛ 4 �í��4öò+�abæçcö{è�òó;<öõÖ'ùäI��ú�ùôõ��öîïðñò�rs�ó�úø��ãäúû 
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4-14xÐÑÒöAô y

2007
}
 yez /×ØCÙÚÛ��ÜÝôÚÛõ.ö÷ðñö��N�ø�ù } 

 

 

  
4-15x��êÍÎÏ.öAô y

2007
}
 yez /×ØCÙÚÛ��ÜÝôÚÛõ.ö÷ðñö��N�ø�ù } 

 ÿ�ÓÔÕ�����ô0��ö���ÓÔÕø�B	
6ä9�������ø?Iå��ÓÔÕö;<eßô;<Þ]ôdeàöT{� 4-16ô 4-17
�¡3û 
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0��ÓÔÕö;<Þ]�1991B���ñ�âã�äåýô2005B��Þ]ù�¢?Iåû;<ô8öeß£2001B ��900 è�®���åùô�öáâã�äåýô2007B��100 è�Yó�� 62.5 èø?Iåû����ÓÔÕ�
1997B�Þ]ù��6äô2003B�5ãâã�¤¥ýåû2007B��730è�®�åû;<ö�
èé£�ìò+�¤¥ý2007B�740 èøô��Þ]èéø�ý�û 4öò+�ÓÔÕ�0��ÓÔÕ5ã��ÓÔÕcø����ù 4óôâã�Þ]ùàä!Iå"ø?Iåû#öÚÛ�$%��ÓÔÕ���ù�ý¢ô;<�Þ]�¤¥6S��úåâô�ä�é�õöÖ'÷£�ä�é�¤���úû 
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4-17x��ÓÔÕöAô y

2007
}
 yez /×ØCÙÚÛ��ÜÝôÚÛõ.ö÷ðñö��N�ø�ù } 

 

 Á%Ã&'ÆÇÈÉ
 4öò+�ÚÛ�Þ]æçöab(�ï�òó;<Þ]÷ùäåý��úûý5ýô9áöAôö¨v�)ý�åâô*+ y

2007B}öÞ]èéù9á£,ï3ú£öøýåû  å0��ÓÔÕ5ã��ÓÔÕcö(�ï���-I�Qóô@A)�ö012öò+?*+LE.ö�ý���cö(�ï�9!���?�£öø3úû 
 Á/Ã01

4444 234567ÆÇÈÉ õöÖ'÷�áâú��ÚÛ
4�í�äëäö1

è�åó�8�6ä��úõ÷�áâú&'ù�úùô�ä�$�ýå£ö�?�åâô ���ä�áâúû ×ØCÙÚÛ��ÜÝ�9BôÚÛ���ñ�Bÿ_`�[29]� øâ��úùô�4��ôÚÛ 4 �í9öô���ñ�!"èéô:	
èéô:	
;÷ô:��<6äåõ÷ô:	
<#ö=ù_`6ä��úûÊËÌö_`��N�P 4>
2
�¡3û:��<#ø�ô?:@�<;÷A:@�<�	
;÷Bø�óô:��<6äå��ö;÷A:	
ýå;÷��úûýåùI�ô��øõ÷ö�C�����ôÿöD�òI�P6äúû EFGH7É I EJKLM N

1111
LOPQÆ7É N EFGHR
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SI�
 

1111
LOPQÆ7É I EFGH7ÉT ÁEJKLM N EFGHRÃ

    �áâú4øù�wúû:��<#�B�ôtý�Qóô!"6äåæç�5ã:��<�wú��ö÷ù¤���ú4øùU5úû 
 áâãäå

1
è�åóöõ÷�P

4-2
�¡3ûVW:��<#ùôt3äXô1è�åóöõ÷�äå3ú%w��úùWX��¤¥ý��úû4ö
Yøý�ô ZÊËÌö1

è�åóöõ8�÷ùB�¤���ú  Z:��<#�õ÷ü8�?¢��:�ö#?ö�ôõ�#ö��øö[ù�ú ZÚÛ���ñ�Cù2001B�DE6äôB�ô\èéf\;÷ö��N]�ùtùI��ú
 ø�Iå
Yù��ãäúû��ä�ý�£òó�ý�é=ö�+ù1

è�åó�8�6äúõ÷�ôòóWX���÷�¡ý��úø��ãäúåâô2008Bö
1.19kg

Aèô����ôõöÖ'÷�áâúû 
 P

4-2xÊËÌö���ñ�Aô y
2008

}
 yez /×ØCÙÚÛ��ÜÝ�9BôÚÛ���ñ�Bÿ_`�} 

 

 ÊËÌø���#öÚÛö
1
è�åóöõ÷£á Iåû ÍÎÏ./

3.09kg ÐÑÒ /
0.68kg 0��ÓÔÕ/1.23kg åüý��ÓÔÕ�����!"��Nù^+ý?�ùô_`-aðñöÚÛ���ñ�b�êc�d[30]��ô0��ÓÔÕöefg�ö+«õ�3���úö�VýôhiÓÔÕ�1�ø?I��úûåüý��jf��ÓÔÕ�8�6äúõ÷�

0.41 kø3úû 

lmmn lmml lmmo lmmp lmmq lmmr lmms lmmtuvwxyz{|zl}n~n}mmm l}qrq}mmm l}rrp}mmm l}tmn}mmm l}tlm}mmm l}snr}mmm l}slq}mmm l}spr}mmm���z{|z� l}npo}mmm l}qqr}mmm l}rqo}mmm l}tms}mmm l}tms}mmm l}sm~}mmm l}slp}mmm l}soo}mmm��������� sr}oq~ ~n}mmr ~s}nn~ nmo}qpr nmt}ltp nnl}nmr nnr}rto nln}oon���|��� pmr ~~t n}nno n}lrs n}om~ n}sll n}~~p l}pmn����� m�q~ m�rn m�ro m�rp m�rr m�sn m�so m�spnz���w��|� m�mmmoln m�mmmrp m�mmmrrr m�mmmsmq m�mmmsms m�mmmt~q m�mmnmmo m�mmnnts



 

 

4äãòóáâãäåÑÒôÍÎÏ.ôÓÔÕöå4ø�ôÚÛ 4 �í�¤ý�Qóô;<�Þ]����ã?�ûÖ'÷¤¥£äå£?�åâô
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ÚÛ
4 �í�Q8úõÖ'÷� 4-18

�¡öabÞ]cö(�ï�¥�ô0��ÓÔÕòúõöÖ'÷��w¢äI��úû��Óý��úùô1 è�åóöõ÷ùå?¢ôÖ÷öäå�
2003B��� óô�öá 2007B

2008Bpq£4öèé��ö  ���w

4-18xÚÛ 4 �í�Q8úõöÖ'÷ 
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4-2-2
VWX ÁÂÃ«¬Æ®¯É    ÚÛ
4 �í�©��*%åò+�ôab�Þ]6äå�ùdà6äô°V;<öìí�hà6ä��úû�äëäö;<�
èéö��Nù�úö��ä���úû 

 Á%Ã±²LM
 æçU³�é�ô;´��µ¶·��_`öíöÚÛ���ñ�CöW¸¹ºö»¼

[31]
��ô½�¾�c¿À3ú��ö�ÁBf¿ÀÂ¸öÎ.Ã�ï�E�ô½�¾��òú��öÄ-¿À �öU³�áâ��ú y 

4-19
}û 4ä��úøÓÔÕôÊËÌôÐÑÒ�Å�÷�U³�Æ¢SI�QóôÍÎÏ.����£ôÅ�÷�U³�PSúøÇÈýô9!�4ö$�_`�£ø�Å�÷�U³ø\_�É�N���ú4ø�3úû\��ø_�É�N�P 4-3

�¡3û��ÓÔÕöæçU³öÊU�Ëãä��?�åâô0��ÓÔÕø�ìU³���åû 
 P

4-3xÅ�÷�U³ö_�É�NÌÍ 
 ÎÏÐÑÒÓÔ ÕÖÐÑÒÓÔ ×ØÙ

 2.32.32.32.3 13.09 13.09 13.09 13.09  ÚÛÜÝ
 1.51.51.51.5 15.20 15.20 15.20 15.20  Þßà

 2.32.32.32.3 10.38 10.38 10.38 10.38  áâã
 2.72.72.72.7 12.48 12.48 12.48 12.48  
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4-19xÚÛ 4 �íö;<8�Bé y

2002B} yez /;´��µ¶·��_`ôÚÛ���ñ�CöW¸¹ºö»¼(2006)} 
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pt5ãáâãäåÚÛ
4 �íöæçèé� 4-20

�¡3ûhà��N�1990B5ãö��Ný5?¢ô�äp©�hà6äå��öæçèéù?�åâô1991B5ãæçèé�tuý��úû 4-19
ö¿ÀBé��úøÓÔÕôÊËÌôÐÑÒ�~ä¿ÀBéù10B©á��óô2006B©á�:�öæçèéùå+åâô¤¥�" úûÍÎÏ.�~ä¿ÀBéù15Bptöåâ2008B�£ üæçèé�¤¥ý��úæí��úû ÓÔÕ���ÓÔÕ�{Eýìícöhà÷ùäI��úåâ2006B���ñ�äåø?úùô2025B� �æç�ï¢û�ä�çó��ÓÔÕöæçèéù¤¥ý��¢û 

     
4-20xÚÛ 4 �íöæçèé 
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Á/Ã«¬êëìíLM yî}�áâãäåæç÷øìícöhà÷òóôìíîïðñèé�áâåû 
4-21

�¡3û 

  
4-21xÚÛ 4 �íöìíîïðñèé 
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4-3-3
��9:��;�X�]^�_`	X ÿ�ôþÿ����÷�áâúåâöô!"#ô���ñ�#�áâ��¢ûÚÛ
4 �í£���ñ�C�òó1991 Bòó���ñ�öÊU[29]�ËI��úùôìí5ãöæçèé�����ïâðø?ú$���Nù�¢ô9!áâãäåæçèé�ìí5ãöæçèéøýôÊËÌ�"�WXö!"èéø$%��åy 4-22

}ûæçèé�V3ú!"èéöYR�60�©á�T{ý��ú y 
4-23

}ûÍÎÏ.ôÐÑÒôÓÔÕ����£ôTUæçèéô!"èéô!"#�  4-24ñ4-26 �P3ûÐÑÒôÓÔÕ£�ì¢60�©á��úùôÍÎÏ.ù35�ñ40�øò�ù4ä�ôóôµ¶õö÷øùúûüýþÿ�����������	
����ý���������������ý�� !�"#�ý�$%�ùú�ûü�&'()���ý�
���ý*+,��-���.�)�/0�12�34õ5�- ��6789:#����;�ø÷���<=9678ý#�- 
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4-22?@AB�CDùúEFýþÿ�67EF 
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��r�stý$��pq¶bh�j�¬n�$	ñòãä�oi��)��- n�u�ãä��pq¶bh��oi��)��ø÷�vû(9#���w¦�-¦ø��)/6���������gd�®9ãäý¦)���2
��O��å49x��ý�#�- :

4-5?ð�����ýyz 
 

 

 �å4� �>
4-30$9x�ý�1970sEoO{|X(ø����}s�4

 ®�Eý$�)��-���1970s³�rt~�����$	�ð����%ð),�)�ø��}s�PQ�����o��n��	�%�ð���ð),�)�$�p����/6��ý¦ø�������gd�®��"���Oð���)����ý*+,��- 
 

�� ������� ������������������� ¡¢£¤¥¦§¨©ª £¤�«¬��¥¦§¨©ª�®¯������°±²¦³´¦µ�¶·��±¸�¹¯¡¢£º£¤¥¦§¨©ª £¤�£º�«¬��¥¦§¨©ª�®¯����¢¶·��»¼½¾¿ÀÁ±¸�¹¯¡¢£º ÂÃ£º�¸�������ÄÅ¼½¾¿ÀÁ�ÆÇµ�±¸�¹¯¡¢



 

94 
 

 >
4-30?ãä�£(���å4� 

  

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

1
9
5
1

1
9
5
3

1
9
5
5

1
9
5
7

1
9
5
9

1
9
6
1

1
9
6
3

1
9
6
5

1
9
6
7

1
9
6
9

1
9
7
1

1
9
7
3

1
9
7
5

1
9
7
7

1
9
7
9

1
9
8
1

1
9
8
3

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
1

1
9
9
3

1
9
9
5

1
9
9
7

1
9
9
9

2
0
0
1

2
0
0
3

ÆÈÉÇÈÃÉÊ



 

95 
 

4-3-2
VWX ÚÛÜÊËÌßÍÎâ    ãä�Ï"OÐÑ9¦ø��ÒÓ9#��O$�ø÷�4-3-1ÔOÕçø���çÿ���n�ooµ�«�ÖÓ�ý$�-/6��������gd�®���ð������çÿ�����9oi#�-4-3-1Ôýò×�2004s�Z�2003s�þØ�n�ooWX�����ý¦ø- 
 ÚJÜÙÚÛÜ
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���íiãä�>
4-32

�����gd�®íiãä�ñ�89t#-oø�����ñ�8ûü�Fýò'#��9: 4-6
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®>0 ��¶
�5¶E:ÜÕ-´µ/>̀ !´µ(+WZ/È !|}(6WX�:LMN1°±+/>2015?�-6ßàáâÑB]+ûü/>¢³31.5 ç@A�R�´µ(1XQ¶Q>0�Y�"#$%&'(3WC�¶>D=2030?-6����(Ee³:��E3����!�¤9eCD�E1¸Y>0 
Recycle and Reduce 

öýßþ
(D)6�´µ(1ã�¢³3F 7 ç@AWX��5>0 
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The purpose of this paper is to estimate and assess a future state of domestic copper supply from a viewpoint of sustainability. 

The authors develop a simulation model of material flow of domestic copper resources and then estimate the demand and the 

supply toward 2030. A recycle flow with time series is considered as well for the estimation. Automobile, electric appliance 

and construction industries are considered in this paper under the scope of recycle laws in Japan. The simulation result 

illustrates that copper stock in market is estimated to be 4.1 million tons and the copper supply produced from scrap metal is 

102,000 tons. Furthermore, the result prospects shortage of copper resources as much as 16,000 tons against the domestic 

demand in 2030 even considering improvement of the recycle system. Therefore, the authors conclude that domestic copper 

resource is not sustainable in Japan and thus emphasize two important countermeasures such as reducing copper usage for the 

next generation vehicle and further sharing of recycled resources among other industries. >?@ABCDEF G	HH��I J��	��K�I L��M� ���N �O�M�I J�K�K O�I P�Q� G�K O�
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W�t� = � I�n�{g�t − n}
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n=a
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I(t) : tÐÑÒÓÔÕÖ×ØÙÚÛ 

  g(t): tÐÑÒÓÔÕÖÜÝØÞßàáâã 

  a : äåØæçØÙÚÐ 

èéê
 S(t) = S(t-1) + I(t) - W(t) ëìêíØëîÑïðñÔò

S�t� = Sa  + � �I�n + 1� − � I�n�
t−1

n=a
g�t − n��
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n=a
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