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�uŎűb�ĮƸ��eūĶΡnƱ̖uɌɆqh¡©�iopT�ÒÎÒ®rkpmȸ˂�̵Tf

��	rs[�̈ɧoǞ̵`meh��	ʺͱ¡©�t˃ƘÑ̇ʡφntƱˑ͐čirkpmɇǟǥtȌ

ɧ��ȝƟÑȳŽ�̵Tfʺͱ¡©�tƱ͐čȑʔrkpmhCĶɥÑ͐čȑʔtɲ͉i�βƦb

�]oneòǷtĶɥ̈ɧt�t¸�Ò®³©��̵TƓ˕�ɶ˻b�f}ge��	tƲȾtg�r˃

ƘÑ̇ʡφt�Ķɥ�̵jmp�ˡ˰̙rµ�ÊÏ��̵peɷgqĶΡt�ʺͱ¡©�rδb�ɲ

͉Ñȸ˂�̵Tf_�reˡ˰ÂÏ³Òr��haĕĻèĊrƓlw�Ò¡¡¦¬�i�ƲȾ`eĕĻ

ĶΡntɲ͉èĊ�˯~Πs�oo�reɐ̅ǟǥrȧ͈̈ɧ�Ǹ��gɉtɲ͏ͯȺo`mļˆb

�f_�reh�		ȍuƇr̯˯_�gʺͱ¡©�ʼʓtȕȬirkpme˃Ƙ˙r��ʺͱ¸ÍÒ

͈̉rƾǾ`gʺͱ¡©�Ñ¸ÍÒƅ�ćȌb�f͈̉˴tšοȂtϗp¬Ò¦��e̊̋ˑrɍȼ

Ŧ̝q¡©�Ñ¸ÍÒ¬Ò¦�ɶ˻b�f�

�

�

ƅ��� əˡ˰tɶȌ�

�

��	ʺͱ¡©�tőĶoīąèĊtȸ˂�

� ƇĮƜtͯʧ¡©�ĶɥtèĊ�šο`eɀərΓˆb�ƕŬtɲ͉oeʺͱ¸ÍÒ�¡©��

ƬżĶΡo`mŢ�ȒTʛƜˡ˰ɼδtˡ˰͙ɩ�̵Tf�

�#	�ͣt_�˄~Ĵbʺͱ¡©�oupt�Tq�ttɵǿˑqȸ˂�̵jgØneīąˑèĊt

ȸ˂�̵Tf�

�A	�˃ƘÑ̇ʡφt�Ķɥ�̵jmp�ˡ˰̙rµ�ÊÏ��̵peɷgqĶΡt�ʺͱ¡©�r

δb�ɲ͉Ñȸ˂�̵Tfʺͱ¡©�tőĶuǷtćɳrƟYqǲψ�Ûr�Π̀qćɳno�

���1=�����B?�,.4��%A&I3

���K	��OE���1=����9H�PM

Q#N�I3$(�0@

R>7!D�2

�������
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g�eƜΙɒ̙͠ɲ͉þ�̆̒`e̊̋ˑq͚͡ÑɍȼÑ́˗`���fȓ͜�ωpmp�ƜΙ

ɒ̙͠ɲ͉þtÂÏ³Òuɾt·�no�fɱŤ˦ÔȵȤϝɢðƟƬϞeǍəáñþΰϝɾÝ÷�

¡«Áˡ˰þϞeɻəǵéȵȤϝ˲ŶϔƟƬϞf�

�B	�ʺͱ¸ÍÒ�¡©��ƬżĶΡo`mŢ�ȒT 6�62ϝ6KC4OPNH#I�2B/I/FS ƇμƬþϞntŋŰ

�ŮƬþt½Ò®ÂÏ³Òn˥þtʺͱ÷͟r͓`p 5��BG#KCI ȵȤϝ�Ò¡ÉÊ�ΊΗ˪Ƭ˅

ɳˡ˰ɼɶϞe3�7N#4O-#KK ȵȤϝ�Ò¡Ê� 633 ˥þ˃Ƙˡ˰ȐϞr�ˡ˰ŕŅ�ʍ�eƇμ

ˑtkƬ̶ˑ́ƌt�˞́tȪċ�ʍ����

�C	�¡©�Ə˥þrpo“��mp�ɿǓtèĊ͙ɩşwĶɥ�̵peʛƜntƇƻ͙ɩtʃŨ

�ΰƿŶƏ¡©�u˄ʗrÛr�ǲψrkpm�͙ɩ�̵Tfˀƌ͙ɩo`m�¦Ê�ŐΙ�•

ż`e´®Ð�ƟƬrmǪ˻ʺt̚ˆǟȷo˥þ̇ʡtδďqptˡ˰͙ɩ�ƲȾb�f�

�

��	ʺͱ¡©�t˃ƘÑ̇ʡφntƱˑ͐č�

� īąˑqèĊȸ˂rƓlYeƱȂˑ͐čt�Ʊˑ͐čÿwk[�g�tCĶɥÑ͐čȑʔtɲ͉

oaĕĻèĊrƓlw�Ò¡¡¦¬��̵Tf�

� CĶɥÑ͐čȑʔtɲ͉�

� ¡©��ȧ͈b�ȑʔ�}o�eȧ͈ė�͐čb�g�t͐čtʖpĴ`�̵Tf}geʺͱ¡

©�tƌ˂ˑĶǘ�¡©�̎ąo`mtĎ˒rkpm�ɲ͉�̵pe̾Ŭˑq͂ʲn¡©�t͐

čr̈wk[�fetØne��Ê«�tϗpʺͱ¡©�ϝ��Ê«�¡©�Ϟoupt�Tq�

tÑʼȈno�ttɲ͉�̵Tf�

� aĕĻèĊrƓlw�Ò¡¡¦¬��

� ǁαob�ĶΡrspmδΊb�ʺͱ¡©�tȧ͈�̵pe¡©�ȧ͈r��ÂÊ©��Ò¡

¡¦¬�nȕȬb�f]]nǸ���ȧ͈ėuõtȧ͈̈ɧtɲ͏ˆo`mÚŦɽno�fǪ˻ʺÑΏ

ʹÑõ˥þƓ˕rδ��ʺͱ¡©�Ñ¸ÍÒrkpmẻ͈ȄƔ��ȧ͈�̵Tf}geʺͱ¡©

�uɒb�ɼ̝Ȃrkpméɜ^or̚ŅoetĒȞrδ��ʻȂ�ʈͻÑɲ͉b�]on͐čb

�fõȽe̚áʝͭͧrkpme¡©�Ñ΄ǳÑȥĴ�ȧ͈b�Ƚʔ�ȸ˂Ñɍȼb�f}

geʺͱ¡©�tļˆɕγrδ��e̽ŸƿŶ¬Ò¦tćȌrkpmeĕĻt͙ɩ�ģr̚ˆǟȷ�

ȧ͈b�f�

�

�		ȍuƇr̯˯_�gʺͱ¡©�ʼʓtȕȬ�

� ��	o��	nȸ˂_�gĮƸ�ţ[meʺͱ¡©�tˀʓ�Ʊŏb�]oneòǷtȴ˶Ȫ“rŰ

[gʺͱ¡©�¬Ò¦»Ò¡�ɶ˻b�f�

� b�͈̉ĳ˂Ƚʔtˢ˲�

� ˃Ƙ˙r��ʺͱ¸ÍÒ͈̉rƾǾ`gʺͱ¡©�Ñ¸ÍÒƅ�ćȌb�f͈̉˴tšοȂtϗp

¬Ò¦��e̊̋ˑrɍȼŦ̝q¡©�Ñ¸ÍÒ¬Ò¦�ɶ˻b�f͈̉ȄƔu˄˅Ɠ˕͈̉oǨɯ

δΊ͈̉rƟĻ_�eǪ͍ĶΡrδ��ͯɜȗĦoȥĴ��ʺͱ¡©��ȧ͈b�f�

� c�Ʋō»Ò¡tʺͱ¡©�ȕȬȑʔtɲ͉�
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� ʺͱ¡©�tȕȬȑʔrkpmeūĶΡrs[�͓̃qȗĦȄƔ�ȸ˂`e̽Ÿ^orǞƎ̚ˆǟ

ȷ�͍Ʊb�]oneȥĴ�ȧ͈b�f̚ˆǟȷrkpmueǪ˻ʺÑΏʹÑõ˥þƓ˕Ⱦ͍uȿǴ

ˡ˰��ǭˆb�]ooĈdme˗Ȧ̈́ʤr��à̀̚áʝͭͧt¡©�Ñ΄ǳtȧ͈r��͍

Ʊ�̵jgf�

� �
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���ǞȌ � ǟǥtȣʼʓs�wȌɧϝɵ̀Ϟ�

ϝϥϞ�ʺͱ¡©�tőĶoīąèĊtȸ˂�

� əˡ˰nueʺͱ¡©�tőĶrkpmȸ˂�̵Tf}ch¡©�iopT“̭uƾͤob�˺

ƄuƝɷno�eñǔͯəh[nqw̡ʵͯə�˥þδďͯə˴}nű�gǜǡpɵǿoqjmp�

�ƅ��	f}ge¡©�tƾͤ˺Ƅr�jm¡©�u˄~Ĵbčė�Ɲɷno�fəˡ˰nue]t

TiɶΉʺ�̽Ÿ˴thñǔͯəi�ƾͤo`mɲ͉�̵Tue̽Ÿßrű}��ɒƶʺͱ�ƾͤob

�f�

�

�

ƅ��� ¡©�tőĶȸ˂�

�

� ɾre]�}nrȸ˂�̵jghʺͱ¡©�ir˜˖`g¡©�tőĶȽʔrkpm̄ób�f

qse¡©�tőĶuˡ˰ƾͤob�¡©��ˡ˰t˖ˑrǾamˌq�o̘r���f̺�� rĉ

ˆčėoͯʧŏčėrǾagʺͱ¡©�tèĊȸ˂�ˤbf̺�� nuečėt˭ϐrǾamͣt_�

˄~Ĵbʺͱ¡©�oΓķr˹˂b�ǽ̀uo�ʺͱ¡©��ȸ˂`gf�

� gh`e̺rˤ`gèĊuo�ƾͤʺ�ū͐čńgƕŬt�tno�eƲμru̾ȷt͐čn

́�ǽ̀uo�fĊrveßǌγƌro�ļˆύǥtĂpΏʹ�̘rgƕŬre˄˅Ȃ�ļˆύǥń

�oĂp͐čoq�ueÉ�¸É�Ïϝɼ̝Ϟt͂ʲńgƕŬruϗp͐črq�Ŧ̝Ȃuo�f�

�
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̺��� ʺͱ¡©�t͐čs�wèĊ�

¡©�t͐č�
ͣt_�˄~Ĵb�

ʺͱ¡©�tèĊ�

Γķr˹˂b�ǽ̀uo��

ʺͱ¡©�tèĊ�

ĉ
ˆ

č
ė

�

�±Ë�ÒŊʾ�

<�ÊÒÏ�±Ë�Ò̡ŋͶ�

<ϗʸ̡ͭŋͶ�<ϗʋƺÑϗȻʷăƭ�

<ϗŊʾˍρȐ�

ͯʧŊʾ�
<ǙǅΣǋtƀšuƸɃqĉˆʡ~

ǄƏƷρϝΚǗΩǌϞ�
<ÑÑÑÑÑ�

˃Ƙ̫ͦ� <ÑÑÑÑÑ� <¸ÍÏϐ�

˄˅Ȃ� <ȗͯŊʾtϗp˥þ�Ï¸É� <ɗļˆÑĂļˆΏʹ�

čėÑ�¡� <ăƭϝĂ�¡Ϟ� <˱YƷϝăƭϞ�

ɼ̝� <É�¸É�Ï� <ÑÑÑÑÑ�

ļˆύǥ� <ϗļˆύǥqǪ˻ʺ� <ɗļˆÑĂļˆΏʹϝ�Ï¸ÉϞ�

ƮħÑƮǼ� <ÑÑÑÑÑ� <ɐ̅ĳĶƕ�

ͯʧŏčė� <ǨǄƏƷρϝǙǅΣǋƀšŦ̝Ϟ� <�¡»¡e:0� űɒ̽Ÿ�

�

�

ϝϦϞʺͱ¡©�t˃ƘÑ̇ʡφntƱ͐č�

��	��� ʺͱ¡©�tƱŏ�

� ʺͱ¡©�tƱ͐č�̵TrueƓ˕oq�¬Ò¦»Ò¡ȸěuǽ̀no�fØt�TrőĶ

ȸ˂`gñǔͯəϝʺͱ¡©�Ϟ�ƾͤre /0�C/RK�o �/PP/-�40 rm¬Ò¦»Ò¡ȸě�̵Tf

 /0�C/RK �ºÍÒ¨nue˃Ƙ˙r��ɀətʺͱ¸ÍÒt˸ƱoŮɷtȑʔ�ˆpgfͮɃ͈̉�à

reū˭͈̉�Ɠre˄˅şwǨɯrď�ȗĦşwȥĴ�ȧ͈`éɜ˭^orο͈�̵jgfʺ

ͱ¸ÍÒ��eȗĦoȥĴtǖ�Ţ�]on˥þyt̯˯˿ƙ�˸Ĵ`e¡©�rδ��ȥĴ

��¡©�t�tǨɯ�ȧ͈`gf}geǪ͍˽tʺͱ¡©�Ñ¸ÍÒrkpme˄˅Ɠ˕͈̉

oǨɯδΊ͈̉��Ǫ͍ͯɜȗĦoǪ͍ͯɜȥĴ�ȧ͈`gfào`mȥĴt¬Ò¦Ľ˾��e

���� ǟt� ���( ǟ}n�ƾͤo`mȧ͈�̵jgfƅ�� rȗĦoȥĴtǖĶo`mȧ͈`g̯˯

˿ƙr��ȧ͈`g̈ɧ�ˤbfqseʺͱ¡©������ ǟ	tĹɕėrkpmueǌÙ�����(	ẗ

ɧ�ˆpgfƅ�� ��e���� ǟt �� ĠÏoʈͻb�o ���( ǟnu �� ĠÏo �� Ėrƙņ`g

]ouˤ_�gf]��uΚΏǤ˚^or�˸Ĵ`ms�eƌƒ^otʈͻɲ͉�Ŧ̝no�f�

� �/PP/-�40 �ºÍÒ¨nueƌ˂ȄƔ�¡«Á�46�	�ˆpmeʺͱ¡©�tTiΠˑrƝw�Ř

��Ǫ˻ʺ�˥þƓ˕Ⱦ͍t˱γȄƔ�ȸě`eū˭ɶΉʺrŗāog�tǪ͍ͯɜȗĦŚŗā�ãa

�]onʺͱ¡©��ȧ͈`gϝƅ�	eƅ�
Ϟfƅ�	 uɶΉʺ˭ĻtɀəħƇtʺͱ¡©�tȧ͈

̈ɧ�ɉ˽ĸrȸ˂`g�tno�f��)( ǟt 	 ĠÏoʈͻb�o ���� ǟnu ��� ĠÏo 	�� Ė

{pƙņ`ms�eɀətˍǊ�ȲrmYgñǔͯəϝʺͱ¡©�Ϟt̯˯tʼʓuˤ_�gf}

geƅ�
 uǪ˻ʺt ���� ǟrs[�ʺͱ¡©�� (��- Â©�Ænο͈`g̈ɧno�fǪ˻ʺuñ
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ŤĶǘoƟYwδď`ms�eδΊb�ʺͱ¡©��ΚǗΙrƟYwο˯`mp�f]t�Treʺ

ͱ¡©��ƌ˂ˑrŦ͂ŏ`eɉ˱γrs[�̯˯tŋȈ�ɂ�trb�]oneĉˆčėoͯʧŏ

čėt͐črǽ̀q¬Ò¦»Ò¡�ɶ˻`mp�f�

�  /0�C/RK �ºÍÒ¨r��ȧ͈o �/PP/-�40 �ºÍÒ¨r��ȧ͈�ʈͻb�oe���� ǟn ��� Ġ

Ïo ��� ĠÏoe /0�C/RK �ºÍÒ¨r��ȧ͈u ��	 ĖopT̈ɧoqjgf�

�

�

ƅ���  /0�C/RK r��ʺͱ¡©��

�
�� � ��		���
� ����-����� � ���� 4���3�-�������

�

�

�

�

�

�

�

�
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���	��� Ǫ˻ʺ¡©�tɼ̝͐č�

� ȿƫt̟ϒ�¡[1]uėʡʼʓ˴rǲψ_�ƛŋb�ͩǝčėr��͐čtg�eɜȺȔ̶tʺ˂

ˑqȂ̝ŰØrƾb�͐črΓ_qpf}geεϒɼɶtȂ̝�̺bȟɸo`me̟ϒΈǥuo�f]

�ueˤǯȂƛȷno�g�ņ˸Ȃuqweʺͱ¡©��̺ˀb�ȟɸob�]ounYqpfe]

neəˡ˰nueʺͱ¡©�tͱo`meʺͱ¡©��ęħrĒkg�tΣǋɜȺtεϒɼ̝u˄

~Ĵ`mp�čė�Ʊˑr͐čb�ȼgq͐čȑʔ�ɶ˻`gf 

� ΣǋɜȺt̟ϒrueħφ̟ϒoeƩϒ�bYγ̟ϒqptǈΙ̟ϒtƟYwˌq� 2 ktǱȈuo

�]ou˞��mp�fǈΙ̟ϒueɜȺtǱʼ�ĚˍˑqȮĝqpr��ƟYwˌq�g�͐čuƃ

πno�]ot�eəˡ˰nue̟ϒǱȈtTiħφ̟ϒrƾb�εϒɼ̝�͐čtƾͤo`gf}

geƾͤob�ɜȺo`meʺͱ¡©�tƝw�Ř��ɶΉɜȺo`mĉˆ_��Χάɜ�Εș`

gf 

� ΧάɜȺtħφ̟ϒrƾb�εϒɼɶrueíΨ�jY˴tεϒ̻̠e¡«ÏÌ¡άt�TqÚğȈ

Σǋo`mt̚ϒɜȺeρʋεϒt 3 kuàrȠy���f͐črspmue]��tˌq�ɼɶ�ɹ

Ȼˑr͐čb�g�tɼ̝�Ʊ̖b�ǽ̀uo�fεϒɼ̝uȖĽb�ŠǾno�̟ϒŠǾueŏƬǞ

̸͚}guŠǾΈǥ͚rȲΛ_��ρʋŏƬŠǾno�[2]fεϒueetɼɶrČ�ce�f�tƁƨ

rƓlpmp�g�e2 ktƁƨ�̘Ȋb�]oo`gfεϒɼ̝�eʆɜno�ΣǋɜȺt̟ϒ�ε

ʀb�g�rņˑrÛr���o̘reəˡ˰nueεϒɼ̝�hʆɜt̟ϒŠǾ�ƀΖb�ɼ̝i

oƱ̖`gf 

� ɾreƱ̖`gεϒɼ̝rƓlYe͐čǆǥ�͍Ʊ`gfǞ̸͚ˑ́ƌt�e̟ϒŠǾu˴ʣ˴Ɖɟ

ûÙn̵b�ɉeetŠǾt Gibbs �±Ë�Òƛŏ|ΔG|tρʋˑqôèuȶΌ`mp�fqseGibbs

�±Ë�ÒƛŏueƜΙrŢ�Ĵb]otnY�ɐƟôèno�g�e��£Ë�ÒrƾǾb�fe]

neεϒɼ̝r��ƀΖ_�gʆɜt̟ϒŠǾr����£Ë�ÒȮƢ Sene�εϒɼ̝r��ͨʽo

`eGibbs �±Ë�Òr��͐č`gf_�reεϒɼɶ̡ątŠǾr��ȶΌ`g��£Ë�ÒȮƢ

� Ceneo`eŮɷr Gibbs �±Ë�Òr��͐čb�]oneεϒɼ̝tʁŵ��£Ë�ÒȮƢƀΖ

A �ǫ 1 r�jm̺`gf 

� ͐črμ`mueū˭ȹʽtȔ̶ȄƔ�ŝʶ`eˌq�ĉˆ˃Ƙrs[�̟ϒΈǥtΑp�̘Ȋ`m

ūεϒɼɶtεϒφ˯ 1 m2ǰg�tǟγʁŵ��£Ë�ÒȮƢƀΖ�͐č`g̈ɧ�ƅ-5 rˤbfʩ

̴ Zn �jYrʈzϗ̚ϒȂ��k ZAM t Ceneueʩ̴ Zn �jYt Cene��ƟYpė�ˤb]ot

�eCeneueεϒɼɶtϗɼ̝ŏ�ŠɅb�ȟɸno�]ouˢ͕_�gf_�reŮÔεϒɼɶrs

pmeΎΜ˃Ƙno�{pʁŵ��£Ë�ÒȮƢƀΖ AuƟYp]ot�eεϒɼɶtŴƄ˃Ƙr�

�ʁŵ��£Ë�ÒȮƢƀΖtΑp�͐čnY�]ouˢ͕_�gfəˡ˰nɶ˻`g͐čȑʔq�

wr̈ɧno�ȟɸueˌq�εϒɼɶ�ɹȻˑr͐čnYeεϒȔ̶tŰØ�͐čb�trɒŊno

�]ouˤ_�gf 

� əȑʔ�ˆpeíΨ�jYάɜ¡©�e¡«ÏÌ¡άɜ¡©�eρʋεϒ�ĉˆb�ʥʦɶΉʺ

t¡©��ɉ˽ĸnȧ͈`ėǟr��εϒȔ̶tϗɼ̝ŏ�Ȕ̶ȄƔ[3]�ŠɅ`eɀərs[�Χ

άɜȺ�ɶΉʺtʺͱ¡©�tεϒɼ̝r�jmˍˀ_�mp�ʁŵ��£Ë�ÒȮƢƀΖtȧ˫

�˸Ĵ`g̈ɧ�ƅ-6 rˤbfεϒɼ̝r�jmˍˀ_�gʁŵ��£Ë�ÒȮƢƀΖueΎŜt�
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ŗ͙rƙņ`mYg]ouĶtjgf}geǪ͍Ια�̡ŋͶΙαrspmƝwtɼ̝�ˍˀ`mp�

]ou�tjgf]�ue��ͱtϗpʺͱ¡©��ǱȌ`mYg]ot͏Ǖo“r�Tf��£Ë

�Òr��͐čnYg]or��e˘ƾˑrɼ̝�͐čnYe]t˾ 50 PJ/year ueʊ˄ƷǧΙαr

s[�ρŅʝͭt˾ 5%rog�fʺͱ¡©��ęħrĒk]oneƝwt��£Ë�Òʝͭ�ƀ

Ζ`ms�eεϒɼ̝tΠ̀Ȃuˢ͕_�gf 

 

 
ƅ-5  ūεϒɼɶtεϒφ˯ 1 m2ǰg�tʁŵ��£Ë�ÒȮƢƀΖ 

 

 
ƅ-6� ɀərs[�ʺͱ¡©�tεϒɼɶr��ʁŵ��£Ë�ÒȮƢƀΖtȧ˫ 
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��	�	� ̚áʝͭͧt¡©�Ñ΄ǳÑȥĴtȧ͈�ºÍÒ¨�

� ʺͱ¡©�tȧ͈�ºÍÒ¨rkpmueɻə�r��˃Ƙ˙Ǩɯʺĳ˂˴˪Ƭˡ˰̼ͭňΣˡ˰

ϝʺͱ¡©�ŌƱą˽tɶ˻oetΓˆr��ǨɯʺÑͯʧ˹˂Ȏˋˡ˰e7����e7��	�e7��	�e

ǞȌ ��ϲ�� ǟǥϞrspmùÙt 
 kuȸ˂_�mp�f�

� �	�˗Ȧ̈́ʤ�

� �	�̯˯ƙĶʔ�

� 		�ĉˆǟȷϝƿŶϞÃ¬Ëʔ�

� 
	�ʜĴ`Ã¬Ëʔ�

ρʋρƨɼž�ãˆͶqpt̚áʝͭͧrkpmue¡©�rņrm΄ǳÑȥĴtȕȬÑȧ͈

rkpm�]��t�ºÍÒ¨uΓˆŦ̝no�fùÙeū�ºÍÒ¨�Γˆ`m̚áʝͭͧt¡©

�e΄ǳeȥĴ�ȕȬb�μtɵ̀rkpmȸ˂b�f�

� ̽ŸtĉˆǟȷĶǘϝʻrǞƎĉˆǟȷϞt¬Ò¦�ćȌ`ms[vee��´ÉÂÒ¦o`mØ͋

		tĉˆǟȷϝƿŶϞÃ¬Ëʔr�jm̚áʝͭͧt¡©�e΄ǳeȥĴ�̊̋ˑrȧ͈b�

]ouŦ̝no�fʻrǄƏƷρ˴rkpmu˗Ȧ̈́ʤr��¡©�˴rδb�ȄƔuȪċ_�m

pqp]ot�e]t�ºÍÒ¨uɒˆno�f]]nueØ͋ 		ĉˆǟȷϝƿŶϞÃ¬Ë�Γˆb�

μtΠ̀q´ÉÂÒ¦no�̽ŸƿŶ¬Ò¦eʻr̽ŸĉˆǟȷĶǘtćȌȽʔrkpmz�f�

� ̚áʝͭͧtĉˆǟȷĶǘtćȌȽʔrkpmue9F4BGH�DP�#I������	rspmȹʽÌ¶ÆÒrƓ

lwą˽ˑqȸ˂uq_�mp�fetȸ˂r��veĉˆǟȷĶǘtàqćȌȽʔuùÙt 
 krƟ

Ļ_��f�

�	�΄ǳ}guȥĴ̽Ÿtĉˆǟȷ¬Ò¦t�o�ɕγrs[�ȥĴŃŬĶǘ�ȧƱb�Ƚʔ�

�	�Ēɒ̽Ÿtĉˆǟȷ¬Ò¦t�o�ɉʲrs[�ʄƫŃŬĶǘ�ȧƱb�Ƚʔ�

		�Ēɒ̽Ÿtĉˆǟȷ¬Ò¦t�o�ɕγrs[�ʄƫŃŬĶǘ�ȧƱb�Ƚʔ�


	�ͪƚeĒɒe΄ǳÑȥĴtŧȷšȲt�o�ɉʲrs[�ʄƫŃŬĶǘ�ȧƱb�Ƚʔ�

� ̡ŋͶrkpmuŀt·�eˎέɲɩĽǥr�jm{|Ưħ¬Ò¦uȪċ_��g�pc�tȽʔ

�ΓˆŦ̝no�epc�rȽʔn�ŮɷtĉˆǟȷĶǘućȌ_��fρʋρƨɼžqpt̚áʝͭ

ͧrkpmue�	e�	tȽʔu�wˆp��mp�f�	tȽʔnueÊ���ËºÉÏ˴nt͙ɩ}

guʝ̙ͭyt�Ï�Ò͙ɩr��΄ǳ}guȥĴ̽ŸtĉˆǟȷϝǟǫϞ͙ɩrƓlpmȧƱu̵

��gèĊuƝpf�	tȽʔnueʝ̙ͭrƾb��Ï�Ò͙ɩr��Ēɒ̽ŸtĉˆǟȷϝǟǫϞ

͙ɩrƓlpmȧƱu̵���]ouƝpfgh`eŀ̙rkpmueÊ���ËºÉÏ˴rs[�

ƀš̽ŸuƇħąt΄ǳ}guȥĴ̽Ÿrƾ`mĘ��ȞkŦ̝Ȃuo�]o�eʝ̙ͭ�Ï�Òn

uʝ̙ͭt͋ȋrƓlpmΎŜtȥĴ̽ŸtȄƔ�Ǹ�g�rȄƔtˢǥuŇ�o̘r���]ot

�e�	tȽʔtȽuȧƥ_��f�

�

�

�

�

�
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ϝϧϞ̯˯_�gʺͱ¡©�tʼʓtȕȬ�

ʺͱ¡©�u˥þr̯˯_�gñǔͯənĉ��gʺͱt͈̎no�eʇǟt̯˯˿ƙt͈̂no

�f̯˯˿ƙueʺͱ¸ÍÒ˸Ʊẗɧo`m˸Ĵ_�ms�e¡©�t�tǨɯʺu`��Ǩɯʺ

tˍ˄tŃŬuϗp]ot�eʺͱ¡©�oʺͱ¸ÍÒu˘êrʞpδďro�fʺͱ¸ÍÒrkp

mue˃Ƙ˙Ñ˃ƘˏɎr��ʺͱ¸ÍÒƅo`mĩ̺_�mp�ue¡©�otδΊ�ˤ`gƅu

Ɣų_�mpqpfəˡ˰͘ώnueʺͱ¡©�tʼʓtȕȬ�˖ˑo`meȿƫtʺͱ¸ÍÒƅ�

ȝǮ`ehʺͱ¡©�Ñ¸ÍÒƅi�ćȌ`gfƅ� t�Trʺͱ¡©�u¸ÍÒ�Ȳr��Tq

�ÂÒ nƅˤ`ms�e̯˯˿ƙ�Ǩɯʺtˍ˄oδ�jmp�ɷƨ�̺`mp�f_�rʺͱ¡

©�tĮ͎o`me̽ŸĻóɜĻtʺͱ�͋b�]onƇħątɷƨ�Ķt��bwˤ`mp

�fϝϦϞr��Ʊŏ_�gė�ȸ˂`eɀətʺͱ¡©�Ñ¸ÍÒƅ�ćȌ`gϝƅ��Ϟf����

ǟo ���� ǟ�ʈͻb�oe̎ʺͱȗĦu˾ �
 ĠÏt�˾ �) ĠÏo ) Ńˬǥrʢǅ`ms�e

ǹ˃ļˆu � Ġ (�� ÖÏt� � Ġ 
)�� ÖÏoƙņ`mp�fetÔȽneʺͱ¡©�u˾

�� ĠÏt� ��� ĠÏoƙņ`mp�ueǟg¡©�ƙņt¡·Ò®uĂʢ`ms�e¡©�

uϓŷtĞŰro�o�͗~Ţ��f̯˯_�gʺͱ¡©�uʺͱ¸ÍÒ�Ȳrms�eͯʧŊʾ

uȝƟ`mp�]ouˤź_��f�

�

�

ƅ�� hʺͱ¡©�Ñ¸ÍÒƅitɵǿ�

�

物質ストック
（○○）

排
出
量

（環境白書・H24物質フロー図）

退蔵量 現役量

建築物（○○）

道路 （○○）

他社会基盤（○○）

耐久消費財（○○）

蓄
積
量

土石系（○○）

金属 （○○）

化石（○○）

木材（○○）
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�

�#	� ���� ǟ�

�

�A	����� ǟ�

ƅ��� ɀətʺͱ¡©�Ñ¸ÍÒƅ�

（百万トン）

物質ストック
17,223

建築物：7539
道路：3999

他社会基盤：5685
耐久消費財：NA

その他：NA

木材：371
砂利・砕石：7611
コンクリート：8741
鉄：473 その他：NA

（百万トン）

物質ストック
28,227

建築物：7539

道路：3999

他社会基盤：5685
耐久消費財：NA

その他：NA

木材：597

砂利・砕石：12843

コンクリート：13912

鉄：854 その他：NA
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ϝⅠϞƲō»Ò¡tʺͱ¡©�ȕȬȑʔtɲ͉�

�
	��� ˗Ȧ̈́ʤr��à̀̚áʝͭͧt¡©�Ñ΄ǳtȕȬ�

� òǟǥueØ͋nȸ˂`g�ºÍÒ¨tTi˗Ȧ̈́ʤ�ˆpmeà̀q̚áʝͭͧt¡©�s�

w΄ǳ�ȕȬećȌ`gfòǟǥȧ͈ƾͤo`gŸ˖ueƷρ 
 Ÿ˖ϝı̰ǦeʖʯɼeËÒÁ��

�Ïe«Ì¶Ϟeȯǚρ͒eãˆͶeͩʺͶt  Ÿ˖no�fqseı̰Ǧu¸ÊÒ�Ò�θwe«Ì

¶u¹É�Ï˹ǫs�w̱ƏtŬ͈eȯǚρ͒u :5� �θweãˆͶs�wͩʺͶuͺ̡ŋͶ�ű�Ʊ

̖o`gf�

� ūŸ˖rkpmeȧ͈ƾͤǟǥtͪƚŧȷt�ǟǥǰĹoǟǥɘt¡©�ŧȷtǖĶebq�i˥

þħątʁŵtͬpƙ`ŧȷ�ǖ`ǭpmeūǟǥt΄ǳŧȷ�ȧ͈`gfͪƚŧȷrueı̰Ǧs�

wʖʯɼrkpmuÔ̥˥ƂʔñρɼǔɳþeËÒÁ���ÏrkpmuÔ̥˥ƂʔñɀəıĲ˱͙ǔ

ɳþe«Ì¶s�wȯǚρ͒rkpmuÔ̥˥ƂʔñρƨȄƔȔ̶˅ɳŕþt̡à͈̉r��ƇĮĴ̫

ŧȷ¬Ò¦�eãˆͶs�wͩʺͶrkpmuÔ̥ͧƂʔñ̡ŋͶɲɩˎέȄƔŕþr��ȼͶˎέŧ

ȷ¬Ò¦s�wÔ̥˥ƂʔñħƇͺ̡ŋͶŕþΊŬþr��ͪƚŧȷ¬Ò¦�ˆpgfȧ͈`g¡©

�ŧȷs�w΄ǳŧȷ�e�f�ƅ��eƅ��� rˤbf�

�

�

ƅ��� à̀̚áʝͭͧt¡©�ŧȷȧ˫�

�
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�

ƅ���� à̀̚áʝͭͧt΄ǳŧȷȧ˫�

�

�

�
	��� ʺͱ¡©�Ñ¸ÍÒȟɸtɲ͉�

� ��	o�		nɲ͉`gʺͱ¡©�Ñ¸ÍÒƅ��eʺͱ¸ÍÒȟɸrņ`meʺͱ¡©�ȟɸ�

ȸ˂Ñɲ͉`gfʺͱ¸ÍÒȟɸu˃Ƙ˙tǹ˃Ə˥þǱȌƓə͈ˈrmΐȌ˖ɸo`mȨy��mp

�ueəˡ˰t˖ˑn�o�ʺͱ¡©�uʺͱ¸ÍÒoƺȦrδ�jmp�fe]neƅ��� rˤ

be	 ktʺͱ¡©�Ñ¸ÍÒȟɸtɲ͉�̵jgfh�i	¸ÍÒo¡©�tδďiu¡©�tƙ

ƟrÿT�Ï¸ÍÒtƛŏ�̺`ms�e	 ʅκtƛŏuˤ_��f�Ï¸ÍÒtȁʮqƙƟuˤ_�

�̇ʡȌΰtʅκeetǷtƮƱˑq�Ï¸ÍÒuĒg��ʅκe�Ï¸ÍÒuʢǅ`e̯˯uϓŷ

rŰtTʅκet 	 ʅκuˤ_�gfòǷtçȅo`mue�Ï¸ÍÒtʢǅuÔƱėršɞ`e̯˯

�ϓŷb�]ouɔ}��fh�ii	¡©�o 41: tδďiue¡©�tȌΰo 41: tƙņt˘δ

�̺`g�tno�e�Ï¸ÍÒo 41: rt~˜˖`mͯʧtɒŊļˆt̺bhͯʧ˄˅Ȃirʺͱ¡

©�t͂ʲ�ņr�ȟɸno�fȟɸtĞYrƟYqƛŏuˀ�qpueəȟɸr��eʺͱ¡©

�tĤƲr�� 41: �˄~ĴbδďȂuˤ_�gfǂɠˑru¡©�uϓŷ`ġʡ˥þrspm�

41: uȌΰb�´¡�ˤbȟɸoq�Ǹ�fh�iii	ʺͱtĦ�ɏ��inue�Ï¸ÍÒo¡©�t

ʈ�̺`ms�eʺͱ¡©�uϓŷ`ġʡ˥þrspmuɶΉʺt̚ˆǟȷoϐĀ`gȟɸoq�

Ǹ�f`t`eʺͱ¡©�ru˱YƷ˴tŊˆ�ˍȭ`mpqpɶΉʺ�ű}�mp�g�eˀʼr

spmeÔ̥ˑq̚ˆǟȷ���ƟYqė�ˤbĞŰuo�fɍȼŴɕuΰwq�{pe˃Ƙ̫ͦuǄ

_wq�o̘r���g�eòǷtƛŏ�ʕ͂b�ǽ̀uo�f�

�



 21 

  �

Cͯʧ˄˅Ȃ� � � � � � � � � aǹ˃ļˆʾ� � � � � � � � � bɐ̅ĳĶ�

ƅ���� 	 ktʺͱ¸ÍÒȟɸ�

�

�i	¸ÍÒo¡©�tδď� � � �ii	¡©�o 41: tδď� � � � � � �iii	ʺͱtĦ�ɏ���

ƅ���� ʺͱ¡©�Ñ¸ÍÒȟɸ�

�

�

�

�
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	��ƾƜˍ̺˴tƲȾʼʓ�

� əˡ˰nueˡ˰ƲȾrǰg�ɒ̙͠þŬtβĜ�Ɠ˕o`mp�fòǟǥβĜ`geşwβĜçƱ

no�þŬrkpmeùÙr͋ͼb�fqsþŬƀrkpmuŀǟǥ��·˸no�f�

�

ɒ̙͠þŬ�

ϯ˳ϭƀ� ʺͱ¡©�ɒ̙͠þŬϰ�

ɀ� ɉⅦ���)�
��(��	-����(-���

ƕ� ȐⅦ§ËÁ�Æ¦©ǔ˪ƟƬ�

ŝņ̙ⅦProf. Liselotte Schebek �§ËÁ�Æ¦©ǔ˪ƟƬ	e͢ǒ�ůƟ	eŭˇ�ůƟ	�

͡� ώⅦSchebek ȵȤoəˡ˰ÂÏ³Òuʺͱ¡©�ˡ˰rkpm͚͡`eĪŮtˡ˰þrmˍ̺�

ō�gf�

�

ϯ˳ �� ƀ� ʺͱ¡©�ɒ̙͠þŬϰ�

ɀ� ɉⅦ���)�(����-�����-���

ƕ� ȐⅦäǓƇμƟƬ�

ŝņ̙ⅦǍəáñ�äǓƇμƟƬ	e͢ǒ�ůƟ	�

͡� ώⅦǍəȵȤo¡©�Ə˥þtɵǿrkpme͚͡�̵jgf�

�

ϯ˳ �� ƀ� ʺͱ¡©�ɒ̙͠þŬϰ�

ɀ� ɉⅦ���)�(��	��	-����(-���

ƕ� ȐⅦäǓƇμƟƬ�

ŝņ̙ⅦǍəáñ�äǓƇμƟƬ	e͢ǒ�ůƟ	�

͡� ώⅦǍəȵȤo¡©�Ə˥þtɵǿrkpme͚͡�̵jgf�

�

ϯ˳ �� ƀ� ʺͱ¡©�ɒ̙͠þ͡ϰ�

ɀ� ɉⅦ���)�)�����-	���-	��

ƕ� ȐⅦStoweflake Conference Center, Stowe, VT, United States�

ŝņ̙ⅦProf. Heinz Schandl(Commonwealth Scientific Industrial Research Center, Australia)eProf. Fridolin 

Krausmann(IFF / Social Ecology Institute, Alpen-adolia Universtat, Austria)e͢ǒϝůƟϞeTomer Fishman

ϝůƟϞ 

͡� ώⅦhʺͱ¡©�ˡ˰irδ`meɒ̙͠oəˡ˰ÂÏ³Òu˃Ƙȴ˶otδΊȂrkpm͚͡

�̵jgf�

�

ϯ˳ �	 ƀ� ʺͱ¡©�ɒ̙͠þŬϰ�

ɀ� ɉⅦ���)��
��	-����-���

ƕ� ȐⅦäǓƇμƟƬ�

ŝņ̙ⅦǍəáñ�äǓƇμƟƬ	e͢ǒ�ůƟ	�
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͡� ώⅦǍəȵȤÑ¡©�Ə˥þˡ˰þÂÏ³Òõoe¡©�Ə˥þtɵǿrkpm͚͡�̵pe

}gˡ˰Ɣų�̵jgf�

�

ϯ˳ �
 ƀ� ʺͱ¡©�ɒ̙͠þŬϰ�

ɀ� ɉⅦ���)�������-����	-���

ƕ� ȐⅦŐäǓǗǳȐÑ˃Ƙǈ�

ŝņ̙Ⅶ˃Ƙǈ�˃Ƙ˔͂ΙΰϝĭϞýˈ͙ȸǈ�ƌȽń˄ȧțǰ͘ΰ�ͥ͢ʉe͢ǒ�ůƟ	�

͡� ώⅦəˡ˰t̵rδ`meŐäǓǗoˡ˰ÂÏ³ÒnȄƔĪɒo͘ώtȸ˂u_�gf�

�

ϯ˳ �( ƀ� ʺͱ¡©�ɒ̙͠þŬϰ�

ɀ� ɉⅦ���)�������-�����-���

ƕ� ȐⅦäǓƇμƟƬ�

ŝņ̙ⅦǍəáñ�äǓƇμƟƬ	e͢ǒ�ůƟ	�

͡� ώⅦǍəȵȤo¡©�Ə˥þtòǷt͘ώrkpme͚͡�̵jgf�

�

ϯ˳ �) ƀ� ʺͱ¡©�ɒ̙͠þŬϰ�

ɀ� ɉⅦ���)�������	-����-��e�����-�����-���

ƕ� ȐⅦƵǑ˚�ƵǑǗ�É�¤Ôª̭�

ŝņ̙Ⅶɻə�˲ŶϔƟƬ	eņʐ�äǓƟƬ	e͢ǒ�ůƟ	eƤǍ�ůƟ	�

͡� ώⅦ¡©�rtt�èĊȸ˂oˡ˰Ɣų�̵pe̎Ŭˑq͚͡�̵jgf�

�

ϯ˳ � ƀ� ʺͱ¡©�ɒ̙͠þ͡ϰ�

ɀ� ɉⅦ���)���	����-�����-
��

ƕ� ȐⅦůťǉƟƬ ES ̎ŬϔϝISIE SEM-AP 2016 International Conference ĮϞ 

ŝņ̙ⅦProf. Heinz Schandl(Commonwealth Scientific Industrial Research Center, Australia)eǍəáñȵȤ

ϝäǓƇμƟƬϞeɱŤ�ɢƟ	eɻə�˲Ŷϔ	e͢ǒϝůƟϞeΞΟϝɢƟϞeǄŤϝƇ˃ˡϞeƤǍ
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��̪ȹ�¿ÊÒ�

 In order to better understand the effects of resource consumption on the natural environment, the research field of 

material flows and stock accounting offers systematic methods of analysis. The material flow in Japan calculated by 

the Ministry of Environment covers inflow and outflow, and net addition of stock(NAS), however it doesn’t indicate 

the material stock which has been accumulated in society. Material stock is closely related to services provided to 

society and the resource value recycled from output o demolish of stocks. This research focuses on the importance of 

material stock to achieve welfare, and aims to evaluate the time-series quantity of material stock in four steps, for the 

sake of the necessity of knowledge and information to clarify the material stock accumulated in Japan. In the first 

step, cases and patterns are collected domestically and internationally in order to examine adaptability to Japan. They 

are segmented and classified on the basis of structural objects and instruments. In the second step, several 

methodologies to evaluate material stocks quantitatively are presented evolved from the qualitative assessment in the 

first step. The specific case studies are examined based on each case. In the third step, in order to measure actual mass 

of material stock by year, a method of statistical processing is established on a high level which fits national census 

requirements. Additionally, the question of how to figure out material stock is examined at a practical level. In the 

last step, the establishment of a stock-type society and its effects on environmental and economical aspects is 

evaluated. Analysis of the driving forces of material stock reveals the linkage between welfare and material stock. 

The knowledge accumulated with these steps can contribute to integrate three kinds of societies: low carbon society, 

sound material-cycle society, and natural symbiosis society. This study builds a material stock and flow model, and 

presents Sankey diagrams for the visualization of the results.  
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m˃Ƙφė ʡφt�ɲ͉�̵Tf]�� 
 ϊ˖tćɳ�ƲȾb�]one¡©�Ə˥þu×˥þɶ˻

rpt�TrͨʽnY�ttɂ�trb�fϞ�

� �
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(��ǞȌ �� ǟǥtȣʼʓoȌɧϝ͓̃Ϟ�

ϝϥϞʺͱ¡©�tőĶoīąèĊtȸ˂�

� əˡ˰nueʺͱ¡©�tőĶrkpmȸ˂�̵Tf}ch¡©�iopT“̭uƾͤob�˺

ƄuƝɷno�eñǔͯəh[nqw̡ʵͯə�˥þδďͯə˴}nű�gǜǡpɵǿoqjmp�

�ƅ��	f}ge¡©�tƾͤ˺Ƅr�jm¡©�u˄~Ĵbčė�Ɲɷno�fəˡ˰nue]t

TiɶΉʺ�̽Ÿ˴thñǔͯəi�ƾͤo`mɲ͉�̵Tue̽Ÿßrű}��ɒƶʺͱ�ƾͤob

�f�

�

�

ƅ��� ¡©�tőĶȸ˂�

�

� ɾre]�}nrȸ˂�̵jghʺͱ¡©�ir˜˖`g¡©�tőĶȽʔrkpm̄ób�f

qse¡©�tőĶuˡ˰ƾͤob�¡©��ˡ˰t˖ˑrǾamˌq�o̘r���f̺�� rĉ

ˆčėoͯʧŏčėrǾagʺͱ¡©�tèĊȸ˂�ˤbf̺�� nuečėt˭ϐrǾamͣt_�

˄~Ĵbʺͱ¡©�oΓķr˹˂b�ǽ̀uo�ʺͱ¡©��ȸ˂`gf�

� }geə͙ɩnue¡©�Ə˥þǱȌrͯb�ͣt_�˄~Ĵbʺͱ¡©��ƱˑÑ̇ǟˑr

ȧ͈Ñ͐čo`meȄƔšο�βĜ`gɒ̙͠þŬnt͚͡ẗɧ�͵}reȧ͈Ñ͐č�̵Tʺͱ¡

©�t̘rȽ�ȸ˂`gfʺͱ¡©�Ñ¸ÍÒrδb�ɵǿƅ˴�ƅ��ϡƅ�	ϡ̺�� rˤ`gf�

�
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̺��� ʺͱ¡©�t͐čs�wèĊ�

¡©�t͐č�
ͣt_�˄~Ĵb�

ʺͱ¡©�tèĊ�

Γķr˹˂b�ǽ̀uo��

ʺͱ¡©�tèĊ�

ĉ
ˆ

č
ė

�

�±Ë�ÒŊʾ�

<�ÊÒÏ�±Ë�Ò̡ŋͶ�

<ϗʸ̡ͭŋͶ�<ϗʋƺÑϗȻʷăƭ�

<ϗŊʾˍρȐ�

ͯʧŊʾ�
<ǙǅΣǋtƀšuƸɃqĉˆʡ~

ǄƏƷρϝΚǗΩǌϞ�
<ÑÑÑÑÑ�

˃Ƙ̫ͦ� <ÑÑÑÑÑ� <¸ÍÏϐ�

˄˅Ȃ� <ȗͯŊʾtϗp˥þ�Ï¸É� <ɗļˆÑĂļˆΏʹ�

čėÑ�¡� <ăƭϝĂ�¡Ϟ� <˱YƷϝăƭϞ�

ɼ̝� <É�¸É�Ï� <ÑÑÑÑÑ�

ļˆύǥ� <ϗļˆύǥqǪ˻ʺ� <ɗļˆÑĂļˆΏʹϝ�Ï¸ÉϞ�

ƮħÑƮǼ� <ÑÑÑÑÑ� <ɐ̅ĳĶƕ�

ͯʧŏčė� <ǨǄƏƷρϝǙǅΣǋƀšŦ̝Ϟ� <�¡»¡e:0� űɒ̽Ÿ�

�

�

ƅ��� ʺͱ¸ÍÒÑ¡©�ƅrδb�̘rȽÑ“̭tȸ˂̈ɧϥ�

�

#$%�
 " ! ��

���

& ��'

t���
�

t�����

t����
& 	������'

t�������

� " ! ��� ���� �
����������
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�

ƅ�	� ʺͱ¸ÍÒÑ¡©�ƅrδb�̘rȽÑ“̭tȸ˂̈ɧϦ�

�

̺��� ʺͱ¸ÍÒÑ¡©�ƅrδb�̘rȽÑ“̭tȸ˂̈ɧoȧ͈Ƚʔ�

� Ʊ̖`g“̭� ȧ͈Ƚʔ�

.� ̯˯ϝȗĦϞ� ū˭͈̉şw̆ȌȄƔÑͯɜŚŗā˴�

�� ΄ǳ� .ϝ̯˯ϞşwƿŶδȷt�ȧ͈�

0� ΄̰˿ƙ� �ϝ΄ǳϞϢ1ϝȥĴϞ�

1� ȥĴ� Ǩɯʺ˴t͈̉ė�

2� ΄̰�  ǟĶt 0ϝ΄̰˿ƙϞtŬ͈ė�

3� ¡©�� ¡©�δΊ͈̉şw 46� ȄƔ˴�

�

�

�

� �


��


�
�

����E�

�
�
�

����B�
�
�

�
�
�

	�������F)

�C)

�D)

�A)
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ϝϦϞʺͱ¡©�t˃ƘÑ̇ʡφntƱ͐č�

��	��� ʺͱ¡©�tƱŏ�

� ʺͱ¡©�tƱ͐č�̵TrueƓ˕oq�¬Ò¦»Ò¡ȸěuǽ̀no�fə´Ònue

ϝϥϞʺͱ¡©�tőĶoīąèĊtȸ˂nẗɧ�͵}reȧ͈ƾͤu̺�	 t·�o`gfùÙt

ȧ͈ƾͤrkpmeȗĦe΄ǳşw¡©��ʍ��]oo`gf�

̺�	� ȧ͈ƾͤ�

ƟĶϐ ϊ˖  ƟĶϐ ϊ˖ 

Ǫ˻ʺ ăƭ Ʒρ 4 Ÿ˖ ËÒÁ���Ï 

υăƭ ´©�Ò ���Ï 

î·�Ï¸É Ώʹ «Ì¶ 

ΧΏ ı̰ǦÑıĲǦ 

ʥʦ ʖʯɼÑ̹ϐæʹɼ 

ʫʥ etõƷρ ȯǚρ͒ 

˱ʥ ¬ ¦Ë�ÂÉ 

É�¸É�Ï ØʌΏ ´¥�Ï 

ÙʌΏ etõρƨɼž 

ρŅ ʶɂžī ʶɂžī 

�¡ ρʎ Ôɾρʎ 

±©ÎÒ� éɾρʎ 

etõ˥þƓ

˕ 
§Á ơιρʎÃ ÆÒË 

ʛǏĒħȾ͍ etõ̽Ÿ Ʒī˴ 

;΅ɼž ̡ŋͶ etõɼɮϝ˅ɳˆõϞ 

ΧΏͶÞ 

̧̦ 

ϝ̤˱ɼϞ 

 
}geūƾͤueŦ̝qη� 4 ͯʧϝƈˠeΣǋe³��¿¡eŏˠϞĻnʍ��]oo`eΣǋrk

pmueŦ̝qη�ΧoυΧΣǋrĶ[�]oo`gf 
_�reūĶϐÑϊ˖tȧ͈ėtõeɀəħąntė�ʍ��]oo`gfɀəħąntėrkpmue

ȗĦe΄ǳşw¡©�h[nqweùÙtos�΄̰˿ƙeȥĴ�ʍ��]oo`gf 
̺�
� ɀəħątȧ͈ėtʍ�Ƚ�

ȗĦ ΄ǳ ΄̰˿ƙ ȥĴ ¡©� 

̺-3 tϊ˖^o

tėtŬ͈ 

̺-3 tϊ˖^o

tėtŬ͈ 

΄ǳ―ȥĴ Ǩɯʺ͈̉ ̺-3 tϊ˖^o

tėtŬ͈ 
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&� �*'+ 

Σǋͯʧrkpmueƾͤϊ˖rƹ�ceħmtƾͤϊ˖rkpmǷCϲbtȽʔnȧ͈�̵j

gfqseƾͤϊ˖Ļrū˭͈̉�ˆpmeȧ͈ƾͤtȗĦŚŗār̆Ȍ�ãa�]onʍ��Ƚʔ�

ɲ͉�̵jgueəȽʔtȽuΰɕγt¬Ò¦uǸ���]o�³�Ï§ÊÒtˌq�͈̉t̆Ŭd�

̵�crb~�t��bp]ot�eəȽʔn̵jgf�

 

��%�

ΧάɜtˆΆĻς̀�ˆpmȧ͈`gf 

ˆΆĻς̀uehÔ̥˥Ƃʔñ�ɀəΧάΊ˓�Χά͈̉ƧŹþ�ˆΆĻ͈̉ƧŹþitΧάˆΆĻÑ

ƌƒĻţʕ͈̉thɊ·άάɜˆΆĻţʕ͈̉ɂ̺̃itūǟ͈tė�ˆpgfə͈̺̉uhΧά˄˅

þ˥γtĮΙʘ·şw;ĴùƜtħmtς̀neʻrĮς�ɐ̅ˆΆĻrˢƲrȕȬb�]oi�ͳɁ

o`g�tno�eĶϐƓʨu̺�( t·�oqjmp�fe`me]tĶϐƓʨ�ɍrĶϐ`ƟĶϐ

�eɍretĮ͎tßĶϐ�͍Ʊ`e̺�) tos�e�� Ķϐ`ο͈_�mp�f�

�

̺�(� ĶϐƓʨ�

ƓəĶϐ ĶϐƓʨ 

Įς ɐ̅ĉΆtĺɂ`mp��t Ǫ͍ˆşwŮ̼Ĕˆo`mĉˆ_���t 

ū˭̽Ÿt̽Ήşw̼ĔˆtŚɜȺo`m

ĉˆ_���t 

ɐ̅ĉΆ�ʍ`qp�t ɾǔˬˆϝßγˆΆϞ 

ɐ̅ĉΆtĺɂ`qp�t ɐ̅ĉΆÚɂtįņǔˆ 

ͪƚɳ̙Ű 

;Ĵ ;Ĵ 

Χά˄˅þ˥

γtĮΙʘ· 
άƖeœ̽Ÿşwetõάɜ̽

Ήˆ 
υƔų̙Ű 

Ɣų̙γŢǭ 

 
99 Ķϐtūϊ˖rĆuű}��ttuehΧάˆΆĻÑƌƒĻţʕ͈̉tȑǭYiϝÔ̥˥Ƃʔñ ɀ

əΧάΊ˓ Χά͈̉ƧŹþ ˆΆĻ͈̉ƧŹþϞr͋uo�g�eetĮƸ�Ɠrəȧ͈ntƾͤo

b�tpTteƾͤob�ƕŬuptϊ˖rŃ�ȡ�tt�ʏƱ`gfə͈̉ntĶϐoȧ͈ƾͤtĶ

ϐuˌq�]ot�eĺȻuπ`p�t�o�ueŦ̝qη�ϐĀ`mp�ƕȐyȡ�Ķ[gϝ̺-6Ϟf
qseȧ͈ƾͤŸ˖rĶϐb�]ouπ`p�trkpmuehetõiϊ˖o`m͈Ø`gf99 Ķϐ

tTi 1ϲ95 }ntĮςˆuh33ϣ;ĴŰ[Χɶʺi�θYħmòƀȧ͈rņre;Ĵϝ96ϞşwΧά

ɳtĮΙʘ·ϝ97~99Ϟuņrmpqpfh33ϣ;ĴŰ[Χɶʺiủ͈ØuĮςno�ue;ĴŰo`

mΧϖeɻɭe¦Ï�˴tΧɶʺrņǔ_���tno�eʺͱ¡©�opTͳɁØņr�]ouΓ

ķnuqpoĺȻ`eņrmpqpf 

qseə͈̉u 1958 ǟt�ƫƊb�ueˆΆőĶu 1959 ǟe1963 ǟe1968 ǟr 3 ƀƛɍ_�ms

�eəȧ͈nu 1968 ǟùζtˆΆtőĶ�ˆpmp�f�jme1958 ǟt� 1967 ǟtėrkpmu
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ˀƊt 99 ĶϐytŃ�ȡjgė�ļˆ`mp�f]tėuehΧάɜ¡©�Ñ¸ÍÒr˜˖`gɀə

tϗǥ̇ʡȌΰɕrs[�ς̀ƛΔtĶɥiϝ̣ˇïŨÑΞΟǗɓÑǷ̲̩Ô̮eDevelopment 

Engineering Volume21,2015Ϟnẗɧ�Ȫċpghpg�tno�f 

 
̺�)� ˆΆĻĶϐÔ̓şwəȧ͈ntļˆ˷Ȑ�

ĶϐƓʨ ƟĶϐ ßĶϐ əȧ͈tƾ

ͤ˷Ȑϟ 

ɐ̅ĉΆ

tĺɂ`

mp��

t 

Ǫ͍ˆ ϥϣăƭϝƓˣɡϞ A 

ϦϣăƭϝetõˆϞ A 

ϧϣΩǔɳÑͿɦʌ˅ɳǪ˻ʺϝƓˣɡϞ A 

ⅠϣΩǔɳÑͿɦʌ˅ɳˆǪ˻ʺϝetõˆϞ A 

ⅡϣŻɳÑ�Ò¶¡ɳˆǪ˻ʺϝƓˣɡϞ A 

ⅢϣŻɳÑ�Ò¶¡ˆǪ˻ʺϝetõˆϞ A 

ⅣϣĩōÑȹȵÑĩ˒ÑetõǪ˻ʺϝƓˣɡϞ A 

ϬϣĩōÑȹȵÑĩ˒ÑetõǪ˻ʺϝetõˆϞ A 

ϭϣɻɭϝΏʹˆϞ B 

ϥϤϣɻɭϝetõˆϞ C(6) 

ϥϥϣ¦Ï�ϝˠʑ˼̽ɳˆϞ E(1) 

ϥϦϣ¦Ï�ϝŏƬǔɳˆϞ E(1) 

ϥϧϣ¦Ï�ϝ�¡ɳˆϞ E(1) 

ϥⅠϣ¦Ï�ϝetõˆϞ E(1) 

ϥⅡϣΧƗ C(6) 

ϥⅢϣǔɳϝűŚʑÑƠʵ�¡˄˅ɳϞ E(1) 

ϥⅣϣΧάɳ E(1) 

ϥϬϣΉ̧ɳ E(1) 

ϥϭϣˠʑ˼̽ɳÑŏƬǔɳ E(1) 

ϦϤϣetõʊγƈɖ E(1) 

ϦϥϣΏʹ B 

ϦϦϣʥʦ C(3) 

ϦϧϣʒǌÑʒʌ C(1) 

ϦⅠϣΧΏ C(2) 

ϦⅡϣρŅɳÑ·ēɳ C(6) 

ϦⅢϣ�¡ɳ C(5) 

ϦⅣϣʌΏɳ C(4) 

ϦϬϣetõĩ˒şwĩĪèɳ C(6) 

ϦϭϣǪ˻Σʺ A 
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ĶϐƓʨ ƟĶϐ ßĶϐ əȧ͈tƾ

ͤ˷Ȑϟ 

ϧϤϣǪ˻ˆöǋͯɜ A 

ϧϥϣú͍ɜÑ�Ï�ÊÒ̽Ÿ̽Ήˆşwetõ

Ǫɜˆ 
A 

ϧϦϣǪ͍ɳ̙Ű A 

ϧϧϣ;ĴŰ[Χɶʺ ƾͤƜ 

˅ɳˆɼɮÑžī

ˆ 

ϧⅠϣÔ̥˅ɳɼɮÑžī E(2) 

ϧⅡϣ½�ÉÒs�wŚŋɼ E(2) 

ϧⅢϣΩǌÑǪ͍ɼɮÑžī E(2) 

ϧⅣϣΣǋņǔɼɮşwΣǋǔćɼɮ E(2) 

ϧϬϣͿɳˆɼɮÑžī E(2) 

ϧϭϣŏƬɼɮϝƇĮŰϞ E(2) 

ⅠϤϣŏƬɼɮϝ;ĴŰϞ E(2) 

Ⅰϥϣ̑̌ɼɮÑžī E(2) 

ⅠϦϣ´Ëº̽̀ɼɮÑžī E(2) 

ⅠϧϣϒȺŸņǔɼɮÑžī E(2) 

ⅠⅠϣetõ˅ɳˆɼɮÑs�wĉΆÚɂ E(2) 

ρɼɼɮžīˆ ⅠⅡϣƀρɼ D(4) 

ⅠⅢϣτʀρɼ D(4) 

ⅠⅣϣƷǧˆρʋɼɮÑžī D(5) 

ⅠϬϣ·ēɼɮ D(7) 

ⅠϭϣetõρʋɼɮÑžīşwĉΆÚɂ D(6) 

Ʒǧˆşwɳōˆ

ɼɮÑžīˆ 

ⅡϤϣ˼ƺɼɮ D(7) 

ⅡϥϣƷī D(7) 

ⅡϦϣśȏɼɮϝɳōˆϞ D(7) 

ⅡϧϣśȏɼžϝƷǧˆϞ D(7) 

ⅡⅠϣŧȐs�wϒŔˆŸ E(3) 

ⅡⅡϣ�¡žīÑˠʑžī D(7) 

ⅡⅢϣĵʺ E(3) 

ⅡⅣϣèōˆɼɮÑžīs�wetõƷǧˆɳōˆ

ɼž 
D(7) 

̧̦ˆ ⅡϬϣͩʺ̧ D(3) 

Ⅱϭϣ¦Ï�Ò D(3) 

ⅢϤϣ³Ë��ÄÊ�Ò D(3) 

Ⅲϥϣetõ̧ D(3) 
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ĶϐƓʨ ƟĶϐ ßĶϐ əȧ͈tƾ

ͤ˷Ȑϟ 

ⅢϦϣΙŸÑɼδȩ̦tȳΉÑĔ˂ˆs�wĉΆ

Úɂ 
D(3) 

̡ŋͶˆ ⅢϧϣÉ©� D(1) 

ⅢⅠϣ³¡ D(1) 

ⅢⅡϣãˆͶ D(1) 

ⅢⅢϣǄƏÉ©� D(1) 

ⅢⅣϣͺſͽͶ D(1) 

ⅢϬϣ̡ŋéͽͶ D(1) 

Ⅲϭϣetõ̡ŋͶ D(1) 

ⅣϤϣΙŸÑɼδeĔ˂ˆs�wĉΆÚɂ D(1) 

ΧΏͶÞˆ ⅣϥϣͩͶ D(2) 

ⅣϦϣetõtΧΏͶÞ D(2) 

ⅣϧϣΙŸÑɼδeͶÞtȳΉĔ˂ˆs�wĉΆÚ

ɂ 
D(2) 

etõ;΅ˆɼɮ ⅣⅠϣetõ;΅ˆɼɮ D(4) 

Ƹžˆ ⅣⅡϣϒ̓ E(4) 

ⅣⅢϣ18 Ê©Ë̓ E(4) 

ⅣⅣϣÔ̥̓ E(4) 

ⅣϬϣʿİ E(4) 

Ⅳϭϣ®ÉÁ̓ E(4) 

ϬϤϣϗƉƸž E(4) 

ϬϥϣetõƸžşwĉΆÚɂ E(4) 

etõt͛̽Ÿ ϬϦϣetõt͛̽Ÿ E(4) 

ɐ̅ĉΆ

�ʍ`

qp�t 

ɾǔˬˆϝßγˆ

ΆϞ 

Ϭϧϣ̏ɜéɾ̽Ÿˆ E(5) 

ϬⅠϣ~uYǱɰάˆϝıǩǱɰάˆ�θwϞ E(5) 

ϬⅡϣ½ËÑ¯©ÑÊ»©ÑsaΤˆ E(5) 

ϬⅢϣvsˆ E(5) 

ϬⅣϣʂͶˆ E(5) 

ϬϬϣήǔŸˆ E(5) 

Ϭϭϣţ[ˆ E(5) 

ϭϤϣķĿǔīˆ E(5) 

ϭϥϣΣƏˆ E(5) 

ϭϦϣetõtɾǔˬˆ E(5) 
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ĶϐƓʨ ƟĶϐ ßĶϐ əȧ͈tƾ

ͤ˷Ȑϟ 

ɐ̅ĉΆ

tĺɂ`

qp 

�t 

ɐ̅ĉΆÚɂtį

ņǔˆ 
ϭϧϣɐ̅ĉΆÚɂtįņǔˆ E(6) 

ͪƚɳ̙Űϝǣƚ

ˆϞ 

ϭⅠϣͪƚɳ̙Ű[ E(6) 

ϭⅡϣ�ÄÒ¡Ê©ɳ̙Ű[ E(6) 

;Ĵ ;Ĵ ϭⅢϣ;Ĵ ƾͤƜ 

Χά˄˅

þ˥γt

ĮΙʘ· 

υƔų̙Ű ϭⅣϣά˹̽Ήˆ ƾͤƜ 

ϭϬϣάƖÑœȌŸs�wetõάɜ̽Ήˆ ƾͤƜ 

Ɣų̙γŢǭ ϭϭϣάƖÑœȌŸşwάɜ̽Ήˆ(Ɣų̙γŢǭϞ ƾͤƜ 

ϟəȧ͈tƾͤ˷Ȑt͋ũuùÙ�ˤbf 

AⅦǪ˻eBⅦΏʹeCⅦõ˥þƓ˕eC(1)ⅦʛǏĒħȾ͍eC(2)ⅦΧΏeC(3)Ⅶʥʦe 

C(4)ⅦØÙʌΏeC(5)Ⅶ�¡eC(6)Ⅶetõ˥þƓ˕eDⅦ̚áʝͭͧeD(1)Ⅶ̡ŋͶeD(2)ⅦΧΏ

ͶÞeD(3)Ⅶ̧̦eD(4)Ⅶetõ;΅ɼɮeD(5)ⅦƷρeD(6)ⅦρʎÑʶɂ˴eD(7)etõ̚áʝͭ

ͧ eEⅦetõeE(1)ⅦƈɖeE(2)Ⅶ˅ɳˆɼɮÑžīe 

E(3)ⅦƷǧˆşwɳōˆɼɮÑžīeE(4)ⅦƸžşwetõeE(5)Ⅶɾ̵ˬˆϝßγˆΆϞeE(6)Ⅶe

tõɐ̅ĉΆtĺɂ`qp�t 
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ȗĦtȧ͈ueùÙt 2 őĶĻn̵jgf 

CĶϐĻϝùÙ 5 ĶϐϞ 

AⅦǪ˻eBⅦΏʹeCⅦõ˥þƓ˕eDⅦ̚áʝͭͧeEⅦetõ 

ãĶϐĻϝùÙ 13 ĶϐĻϞ 

AⅦǪ˻eBⅦΏʹeC-1ⅦʛǏĒħȾ͍ϝC(1ϞϞeC-2Ⅶî·�Ï¸ÉϝC(2)ϠC(3)Ϟe 

C-3ⅦÉ�¸É�ÏϝC(4)ϠC(5)ϞeC-4Ⅶõ˥þƓ˕ϝC(6)Ϟe 

D-1Ⅶ;΅ɼžϝD(1)ϠD(2)ϠD(3) ϠD(4)ϞeD-2ⅦƷρϝD(5)Ϟe 

D-3ⅦρʎÑʶɂ˴ϝD(6)ϞeD-4Ⅶõ̚áʝͭͧϝD(7)Ϟe 

E-1Ⅶetõϝ̽ŸˆŚɜȺ˴ϞϝE(1)ϠE(2)ϠE(3) ϠE(4)ϞϞe 

E-2Ⅶetõϝɾ̵ˬˆϞϝE(5)ϞeE-3Ⅶetõϝɐ̅ĉΆÚɂϞϝE(6)Ϟ 

 

 

 #�%�

΄ǳueŀtȽʔnʍ�gȗĦrkpmėΎǟȷrǾagʄƫʾ�t[mʍ�gfʄƫʾ

ueÔ̥rˆp���]otƝpÎ�¹ËĶǘ�ˆpeSn=EXP[-(n/λ)α]o`mʍ�gfÎ�¹ËĶǘr

ˆpg´ÉÂÒ¦ÒϝλeαϞuehMeasurement of Depreciation Rates based on Disposal Asset Data in 

JapaniϝKoji Nojima and Fumio Momose,  September29,2008ϞthTable8.Estimated Weibull 

Distribution and Average Service Livesi��e̚ˆǟȷ˴�ŌɬtØepoȀ���ϊ˖�Εwˆp

gfɍreΕșuπ`pƕŬueϐĀϊ˖̕tǞƎˑq´ÉÂÒ¦Ò�Εxeo�puetõ˴t̾ȷ

ϊ˖uʟajmp��trkpmuŮɷrhOheri˴t�Ε�np�fqsept´ÉÂÒ¦Ò�ļˆ

b�tr��ǲψuυǛrƟYp]ot�eəȧ͈Ƚʔuow}n�͑˸tg�no�eòǷuƿŶ͍

Ʊu͘ώoq�f 

͍Ʊ`g´ÉÂÒ¦Òu̺-7 tos�no�f 
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̺�� ʄƫʾrˆpg´ÉÂÒ¦Ò�

əȧ͈tĶϐÑ̃Ķϐ Εșϊ˖ϝ͚ȹßϊ˖ůϞ λ α 

AⅦǪ˻e Office Building 35.4 1.61 

BⅦΏʹ Paved roadways 23.9 1.52 

CⅦõ˥þƓ˕ Recreation/training facilities 46.5 1.87 

 

C-1ⅦʛǏĒħȾ͍ Recreation/training facilities 46.5 1.87 

C-2Ⅶî·�Ï¸É Paved roadways 23.9 1.52 

C-3ⅦÉ�¸É�Ï Oil/gas tank facilities and pipelines 33.8 1.81 

C-4Ⅶõ˥þƓ˕ Electoric power plants 26.3 1.73 

DⅦ̚áʝͭͧ Other vehicles for own use 19.4 2.31 

 

D-1Ⅶ;΅ɼž  Other vehicles for own use 19.4 2.31 

D-2ⅦƷρ Other household electric appliances 14.0 1.84 

D-3ⅦρʎÑʶɂ˴ Electric lighting fixture 15.9 1.49 

D-4Ⅶõ̚áʝͭͧ Metal furniture and furnishing, fixtures 14.6 1.68 

EⅦetõ Other metal products 15.2 1.81 

 

E-1Ⅶetõϝ̽ŸˆŚɜȺ

˴Ϟ 
Other metal products 15.2 1.81 

E-2Ⅶetõϝɾ̵ˬˆϞ Other metal products 15.2 1.81 

E-3Ⅶetõϝɐ̅ĉΆÚɂϞ Other metal products 15.2 1.81 

ĴĬⅦMeasurement of Depreciation Rates based on Disposal Asset Data in JapaniϝKoji Nojima and 

Fumio Momose,  September29,2008Ϟ��ćȌ 
 

 

��	��%�

¡©�ueūǟtȗĦt�ūǟt΄ǳ�ʢagė�Ŭ͈`gėno�eŀtCanʍ�g

ė�ˆpgf 

qse¡©�ueĹɕėuΠ̀oq�fəȽʔnu¬Ò¦u 1958 ǟt�oq�]oe˥þƓ˕

˴tƿŶuΰpƾͤʺ�Ɲp]ot�e͑˸nuo�ueʻr 2000 ǟùŀt¡©�uΎǄ͐čo

qjmp�Ŧ̝ȂuϗpʲruˊȆuǽ̀no�f 
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"$�� 

ãˆͶşwŻˆͶrkpmȧ͈�̵jgfȗĦϝͪƚŧȷϞeϝĒɒŧȷϞe΄ǳϝǨɯŧȷϞtȧ

͈ėrkpmueƇ˲˃Ƙˡ˰Ȑt�^Ȫċpghpg¬Ò¦�ļˆ`gf 
4 ͯʧrőĶb�g�t̆Ȍrkpmuėʡ˅ɳ˙ßƇ̇ʡ˅ɳǈthǞȌ 22 ǟǥϧϱ�¡«Áŏ

Ŧ̝Ȃ͙ɩèɳMǨ̡ŋͶt�ˍ˄b�Î�ÅÒ²Ò±¡ßtΫͯʧs�wͫΣǋtϗŊʾƀš�¡«

ÁèɳŏtŦ̝Ȃ͙ɩNƔųɎith̺-3.1 ãˆͶrĉ��gŚɜȺΠṫǟƛŏϝŗāⅦkg/ŧϞit

2001 ǟtė�ˆpgfqseŻˆͶ�ãˆͶoŮăȌo`múƱ`gfļˆ`ğȌu̺-8 tos�f 

 
̺-8� ãˆͶtŸ˖Ļ̆ȌŃŬϝəȧ͈ˆtúėϞ  

ΣǋϝΧϞϟ 

υΧΣǋϝΫϠ 

�ËÀ°�ÁϠ

õϞ 

ŏˠϝŬȌɺ

̞Ϟ 
ƈˠϝ�É¡Ϟ õ 

73.0% 7.8% 8.2% 2.5% 8.5% 

ϟΧrkpmue(1)n͋tos�eĻΆΧάς̀t�ȧ͈�̵jms�e§¹Ë��Ïoq�]

ot�eəȧ͈nuƾʶo`mpqpf 

 
}geãˆͶşwŻˆͶt 1 ŧǰg�ΠueȿǴˡ˰n͍Ʊ`mp�Πrʨae1000kg/ŧo`gf 
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�) 

ı̰Ǧeʖʯɼe���Ïşwȯǚρ͒rkpmȧ͈�̵jgf 
4 ͯʧrőĶb�g�t̆Ȍrkpmueı̰Ǧeʖʯɼşw���ÏrkpmueÔ̥ͧƂʔñƷρ

̽ŸŕþthƷρÊ���ËǟɾƔųɎ� ǞȌ 22 ǟǥithƅ̺>Ϣ9 ́ɜĻįŻŸŏtɶȌʈʾ(Ÿ˖

Ļ)itė�ˆpgfqseəƅ̺ßthetõtɒčʺiuºÉ¡¨©�oúƱ`mļˆ`gf}ge

ȯǚρ͒rkpmuehßǐ͝ÔÑǌəƋóÑßΡņΚƨÑϚˇĥơΘÑŚˇǠɂÑΰƍǻåϝ2006ϞⅦδ

Ûʺͱ̎ϝTMRϞrƓlwĉˆʡ~ȯǚρ͒Ê���Ë¸ÍÒͅɥϣJournal of Life Cycle Assessment, 
Japane2ϝ4Ϟe341-346ithȯǚρ͒tɶȌȌĶoŏƬ̆Ȍi�ļˆ`gf]��t�əȧ͈núƱ`

ğȌue̺-9 tos�f 

 
̺-9� ƷρtŸ˖Ļ̆ȌŃŬϝəȧ͈ˆtúėϞ  

Ÿ˖ 
ΣǋϝΧϞ

ϟ 

υΧΣǋ

ϝΫϠ 

�ËÀ°�

ÁϞ 

ŏˠϝºÉ

¡¨©�Ϟ 

ƈ  ɣ

ϝ�É¡Ϟ 

õϝυΧÑ

ΧqpʟŬ

ʺϞ 

ı̰Ǧ 55 % 3% 26% 9 16% 

ʖʯɼ 51% 3% 32% 9 14% 

���Ï 31% 20% 13% 9 36% 

Ÿ˖ 
ΣǋϝΧϞ

ϟ 
υΧΣǋ 

ŏˠϝºÉ

¡¨©�Ϟ 

ƈ  ɣ

ϝ�É¡Ϟ 
etõ 

ȯǚρ͒ 6.4 % 16.9% 69.0% 7.5% 0.3% 

ϟΧrkpmue(1)n͋tos�eĻΆΧάς̀t�ȧ͈�̵jms�e§¹Ë��Ïoq�]

ot�eəȧ͈nuƾʶo`mpqpf 

 
}geƷρūŸ˖t 1 ŧǰg�ΠueȿǴˡ˰n͍Ʊ`mp�Πrʨagϝ̺-10Ϟf 

 
̺-10� Ʒρt 1 ŧog�Πϝəȧ͈ˆtúėϞ 

Ÿ˖ 1 ŧog�Πϝkg/ŧϞ 

ı̰Ǧ 70 

ʖʯɼ 70 

���Ï 40 

ȯǚρ͒ 0.1 
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)�
��� 

ρʎÑʶɂ˴tϊ˖nueρˁşwơιρʎÃ ÆÒËrkpmȧ͈�̵jgf 

 
��%�

lρˁm 
̎ō˙thɀətΰɕ͈̉˽ĸir��ρˁ˄˅ϝŚĬⅦ̇ʡ˅ɳ˙hɼɮ͈̉ǟƔiϞşẇʡ

˅ɳ˙hɼɮ͈̉ǟƔitρˁ˄˅�ˆpgfρˁϐt͈̉¬Ò¦tTieˏʷρˁe̳ĥÉÏºe

LED ÉÏºt˄˅�Ŭ͈`g�t�ȗĦo`gfgh`eLED rkpmủ͈Ø 2012 ǟėt�

`tqpg�ee�ùŀt¬Ò¦ruű}�mpqpf 
qseəɠno�vhĴ̫ϝͪƚϞit¬Ò¦�ˆp�]ouɔ}`puẻ͈¬Ò¦u��ťw

t�ȩp�bph˄˅i�əȧ͈nuˆpmp�f˄˅oĴ̫ϝͪƚϞtǖueǟƟYwqj

ms�e2015 ǟruĴ̫ϝͪƚϞu˄˅t˾ 160Ϝoqjmp�]ot�eòǷuĴ̫ϝͪƚϞ

ytķ�ɏru͘ώoq�f 
4 ͯʧrőĶb�g�t̆Ȍrkpmue˥Ƃʔñɀəρˁǔɳþth̳ĥÉÏºşwĉˆʡ~̳ĥ

ÉÏºrδb� Q&Aϝ2011 ǟ 7 ɑ 8 ɀȳʁϞir͋ͼt˭ϐ^otɶȌ�ˆpgfϝ̺-11Ϟqseəͯ

ȺnueΙāĻt́ɜΠu͋ͼ_�mp�uéɜĻrħmΠ�Ķ[�]otnYqpͯʧ�Ɲp

g�e3 ˭ϐtΣǋntŬ͈ΠuɎpmo�ƕŬuǰĶo~qb˴eͯȺ��orÔƱtúƱ�sp

mp�f}geĶ[�]ouπ`pΙĶuθƜ`mp�ΙĶ�o�fɍreρˁt˭ϐ���¢˴rǾ

am̆Ȍuˌq�ueȗĦ¬Ò¦u˭ϐÑ��¢˴Ļnqpf`t`e͑˸o`meəȧ͈nueħ

mhρˁƏ̳ĥÉÏºeA Ə 60W ˘ǰϝ15 ǱϞit̆Ȍϝ̺-12Ϟnȧ͈�`gf 

 
̺���� ρˁt̆ȌϝρˁƏ̳ĥÉÏºe. Ə )�" ˘ǰϝ�( ǱϞϞ�

Ιā ́ɜ 

ϝgϞ 
ě̘ 

Ɯ˹�ÍÒ¹ ¥Ò§ˠʰ�É¡ 30  

ȝȶ̠ ʱΝ�Ë��Á 1  

ˍĥ˹ Ψ¸ÊÒ�É¡ 19 
ÔΙΨ�É¡̽�o�ϝΨ 22-

29ϜϞ 

̳ĥą Ǚƈϐ̳ĥą 1  

ρɴ 

ϝ��ËϞ 
¦Ï�¡«Ï 0.67 ΠuρɴĮnϧkrǰĶ 

ρɴ 

ϝĮΙǃĦ̏Ϟ 
°©�Ë-Χ 0.67 

ΧϠ°©�ËÂ©�̏�o� 

ΠuρɴĮnϧkrǰĶ 

ρɴ 

ϝƜΙǃĦ̏Ϟ 
Ϋ 0.67 

ΫŬΣ�o� 

ΠuρɴĮnϧkrǰĶ 

ʌΪ 
ʌΪ 

0.005  
¶¡¿¡ 
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Ιā ́ɜ 

ϝgϞ 
ě̘ 

�Ï �Á 

ǀĦ�¡ �Ë�Ï 

300-

400(P

a) 

õtǙ�¡�o� 

ɺ̞¼Ë§ πʸȂɺ̞ϝPBT,PETϞ 5  

ρƨƮƱž 

ÉÏ ¡¦ 

17 
 

§��Ò® 

ρͅ�Ï¬Ï� 

¸�ËÁ�Ï¬Ï� 

Țα 

¨ÈÒ���Ë 

ºÊÏƓɤ 

Ψu�h Ψ¸ÊÒu�hŏuǊ 

Ȧ˜Ł �Ê�ÒÏ˽ɺ̞ 5  

ɺ̞�Ò¡ πʸȂɺ̞ϝPBT,PETϞ 12  

ŤΣ ϙΫ 8 ϙΫϠ°©�ËÂ©��o� 

��®u�h Ψ¸ÊÒu�hŞuºÉ¢¿ʩȦ 0.4 Πu��®u�ho©ºu

�hnǰĶ ©ºu�h Ψ¸ÊÒu�hŞuºÉ¢¿ʩȦ 0.4 

ĴĬⅦ˥Ƃʔñɀəρˁǔɳþth̳ĥÉÏºşwĉˆʡ~̳ĥÉÏºrδb� Q&Aϝ2011 ǟ 7 ɑ 8
ɀȳʁϞi�ˆpmņǔÑćȌ 

�

̺���� ρˁt̆Ȍϝəȧ͈ˆtúėϞ�

ƈˠϝ�É¡Ϟ ŏˠϝPBT,PET,˴Ϟ 

54g 17g 

 
 

ρˁue˭ϐr��Π�̆ȌtǖuƟYpueˀɉʲnŭȌ¬Ò¦otδď˴�o�eρˁt˭

ϐ�̘Ȋ`mpqpfòǷuĕȌ¬Ò¦�ű�menY�η�˭ϐĻrb�]ou͘ώoq�f 
qseρˁt̆Ȍuǟ÷nˌq�ueǀĦ`mp��¡t˭ϐʌΪtɒʴ˴uƟYwe4 ͯʧĻtɵ

˸ȗĦytǲψuǄ_po̘r���f 
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lơιρʎÃ ÆÒËm 
Ô̥˥Ƃʔñơιĥˍρŕþtĩǫ HP Øro�hơιρʎtĴ̫͈̉itĴ̫�ˆpgf1981 ǟ

ϲ2011 ǟuhɀərs[�ơιρʎĴ̫tȧ˫i�ˆpgf]t 2011 ǟ}ntėuơιρʎ£Ëş

wơιρʎÃ ÆÒËtŬ͈ėoq�f 
2012 ǟùζuẻ͈tŢ�Ƚr��eùÙ 2 ´¦ÒÏ�ˆȆ`gf 
dÃ ÆÒËt~tė 

2012 ǟşw 2013 ǟuhɀərs[�ſœɕ^otơιρʎÃ ÆÒËtĴ̫ȧ˫ie2014 ǟ

şw 2015 ǟuhɀərs[�ơιρʎtĴ̫� ǟǥο͈i�ˆpgf 
£Ëtėuű}qpf 
d£ËşwÃ ÆÒËtŬ͈ėϝgh`Π̾o�Ϟ 

2012 ǟϲ2015 ǟrkpmhơιρʎĴ̫͈̉tūſœɕt͓̃i�ˆpgfgh`e2013 ǟϲ

2015 ǟtėrkpmuΠ̾ȥθu_�mpqp]ot�eΠ̾�ű~eΎłėoqjmp�f 

 
}geͯʧĻrb�g�t̆ȌrkpmuehǞȌ 24 ǟǥ˃Ƙ˙Ƨ͊ɳō ǞȌ 24 ǟǥĉˆʡį˄Ŧ

̝�±Ë�Ò͍ětÊÇÒ¡ÑÊ���ËƓˣ͙ɩƧ͊ɳō ƔųɎϝ2013 ǟ 3 ɑ 25 ɀ� ɪǫþ˥×

̬̎Ŭˡ˰ȐϞi�ˆpgf}gehơιĥˍρ͍ět́ɜɶȌişwơιĥˍρŕþthĉˆʡ~ơι

ρʎÃ ÆÒËtΓʁĳ˂ÑÊ���Ë Q & A(ǞȌ 26 ǟ 6 ɑćȌ, ǞȌ 27 ǟ 10 ɑ͋Ñȳ”, ǞȌ

28 ǟ 4 ɑ͋Ñȳ”)itơιĥˍρ�¡«Á�ŝ̘o`gf 

 
̺��	� ơιρʎÃ ÆÒËt̆Ȍϝəȧ͈ˆtúėϞ�

ϝŗāⅦkg/kWϞ 

ƈˠϝ�É¡Ϟ 
ŏˠϝEVA,PET,˴Ϟ υΧΣǋϝ�ËÀ°�Á,Ϋ,

˴Ϟ 

100 

ϝ81%Ϟ 

15 

ϝ12%Ϟ 

8 

ϝ7%Ϟ 

ϟϝϞĮuɶȌŃŬ 
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 #�%�

lρˁm 
ρˁtƿŶu˭ϐ˴r��ˌq�ueəȧ͈nu 2 ǟϝ2 ǟgkoħm΄ǳϞoúƱ`mȧ͈�̵j

gfŀtos�eòǷ˭ϐĻ˴ntɲ͉�̵TßneƿŶ͍Ʊ�ɲ͉`mpwǽ̀uo�f 

 
lơιρʎÃ ÆÒËm 

ơιρʎÃ ÆÒËuͧō˙thʢčġřͯ˅t̚ˆǟȷ˴rδb�˙øϝɈŷſŒǟ×ɑ×ŒÔɀ

Ɵ̰˙ø˳ŒëũϞϝɐ̅ȳʁⅦǞȌéĨǟ×ɑ×Ôɀͧō˙ø˳éÕũϞi��eƿŶ� 17 ǟϝ17 ǟ

gkoħm΄ǳϞoúƱ`mȧ͈�̵jgf 

 
 
��	��%�

¡©�ueūǟtȗĦt�ūǟt΄ǳ�ʢagė�Ŭ͈`gėno�eŀtCanʍ�g

ė�ˆpgf 

ρˁrkpmueŀtos�eȗĦ�˄˅o`e2 ǟnħm΄ǳopT͍Ʊo`mp�ueȗ

Ħϝ˄˅Ϟuǟgʢǅ`mp�]orͲƁ`meəȑʔnu¡©�u¿�¯¡ėoqjm`}

Tf`gujməȑʔnt͐čuΓ_qp]ou�tjgf}geρˁuƿŶu˟pg�eòǷuʶɂ

žīəątrkpmȧ͈�̵jmpwǽ̀uo�o̘r���f 

ơιρʎÃ ÆÒËrkpmueǞƎƿŶ� 17 ǟo͍Ʊ`mp�ueəȽʔnuȗĦt¬Ò¦u

1981 ǟt�oq�]ot�e1998 ǟ}nu΄ǳuȧ͈Øˍ˄`mpqpf}geɒ̙͠��ǞƎƿ

Ŷt 2 ĖùÙt¬Ò¦nu¡©�uΎǄ͐čoq�ot^ȟȰ�pghpmp�]ot�eˀɉʲ

nuΎǄ͐čoqjmp�o̘r���f 
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)� 

�ËÀρ̏şwΫρ̏rkpmȧ͈�̵jgf 

 
��%�

Ô̥˥Ƃʔñɀəρ̏ǔɳþth͈̉¬Ò¦ Ĵ̫Ʋ̐ȧ˫ ɑĻeà̀ΙαĻit�ËÀρ̏şwΫ

ρ̏�ˆpgf 
�ËÀρ̏şwΫρ̏tȗĦuee�f�ΙαĻrĶt�mp�Ĵ̫tTieh·ēişwhρ

ŅitŬ͈ė�ļˆ`gf]��u;Ĵuű}�ms�cĮςˆno�f 

 
 #�%�

΄ǳueȗĦṙΎǟȷrǾagʄƫʾ�t[mʍ�gfʄƫʾueÔ̥rˆp���]otƝ

pÎ�¹ËĶǘ�ˆpeSn=EXP[-(n/λ)α]o`mʍ�gfÎ�¹ËĶǘrˆpg´ÉÂÒ¦ÒϝλeαϞ

uehMeasurement of Depreciation Rates based on Disposal Asset Data in JapaniϝKoji Nojima and 

Fumio Momose,  September29,2008ϞthTable8.Estimated Weibull Distribution and Average Service 

Livesi��e̚ˆǟȷ˴�ŌɬtØepoȀ���ϊ˖�Εwˆpgfgh`ept´ÉÂÒ¦Ò�

ļˆb�tr��ǲψuυǛrƟYp]ot�eəȧ͈Ƚʔuow}n�͑˸tg�no�eòǷuƿ

Ŷ͍Ʊu͘ώoq�f 

ļˆ`g´ÉÂÒ¦ÒueØ͚͋ȹthPower wiring systemsino�eU=20.6eT=1.59 oq

�f 

 
��	��% 

¡©�ueūǟtȗĦt�ūǟt΄ǳ�ʢagė�Ŭ͈`gėno�eŀtCanʍ�g

ė�ˆpgf 

qse¡©�ueĹɕėuΠ̀oq�f_�reəȧ͈nuȗĦt¬Ò¦uÔ̥˥Ƃʔñɀə

ρ̏ǔɳþtĩǫ HP ØnŢǸŦ̝q͈̉¬Ò¦u 2002 ǟt�nojg]ot�e2002 ǟùζtėn

̵jmp�g�e¡©�uΎǄ͐čoqjmp�o̘r���f 

òǷue³�Ï§ÊÒtΑp˴�̘Ȋ`qu�Ô̥˥Ƃʔñɀəρ̏ǔɳþthρ͈̏̉ǟƔinŦ

̝qη�¬Ò¦�Β�]o˴r��¬Ò¦tĤƲu͘ώoq�f 
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���*��(�+ 

ăƭ�θwǪ˻ʺrkpmȧ͈�̵jgfqseăƭrδ`m�eŮɷtȑʔnăƭrkpm�ȧ͈u

Ŧ̝no�ueǷtos�t͘ώuʄ_�mp�g�eəȧ͈nu}cuǪ˻ʺrkpm͑˸�̵jm

p�f 

 
��%�

Ƈƈî·˙thǪ˻˜ǔ͈͙̉ɩƔų ɉ˽ĸÔ̓lǪ˻ʺmǪ˻àĻÑˆΆĻÑɶΉĻ Ǣφ˯i�

ˆpgfɖΉeΧϖΧ˵�Ï�ÊÒΉeΧ˵�Ï�ÊÒΉeΧϖΉtĶϐt{teυɖΉǪ˻ʺŬ

͈t�υɖΉĮ͎ϝΧϖΧ˵�Ï�ÊÒΉeΧ˵�Ï�ÊÒΉeΧϖΉϞ�ʢagė�hetõi

o`me5 őĶnȧ͈�̵jgf 
4 ͯʧĻrueƇƈî·˙hǪ͍ͯɜÑŉğŅς̀ƲȈ͙ɩithφ˯ŚŗāϝǪ˻eħƇϞi�ˆp

mĶ[gfgh`eə͙ɩuess�e 3 ǟr 1 ǥt͙ɩoq�g�e͙ɩtqpǟǥtė

ϝH13,H14,H16,H17,H19,H20,H22,H24ϞrkpmueetŀǷt͙ɩẗɧt�Įλ`m¬Ò¦�

ćȌ`gf_�reH26,H27 ǟǥtėrkpmueH25 ǟǥė�úėo`mˆpgfőĶr��Śŗ

ātΑpueɖΉeΧϖΧ˵�Ï�ÊÒΉeΧ˵�Ï�ÊÒΉeΧϖΉrkpmue�f�ƾǾb

�φ˯Śŗā�ļˆ`ehetõiuhǪ͍̎Ŭitφ˯Śŗā�ļˆ`gf}geə͙ɩtφ˯Śŗ

āue˄�Ï�ÊÒeϖɜÑˠɜeɖɜue�f�Óog�t�toqjmp�g�e˄�Ï�ÊÒ

u 2.35t/ÓeϖɜÑˠɜu 2.35t/Óeɖɜu 0.6t/Ótȫ˸ďȷ�ˆpmȫ˸`gė�əȧ͈nuúƱ

o`mˆpgf 
qseƇƈî·˙hǪ͍ͯɜÑŉğŅς̀ƲȈ͙ɩiu�Ï�Ò̈ɧrƓlw�tno�eφ˯Ś

ŗāt¹ÌuƟYpǟuo�ʲruˊȆuǽ̀oq�f}ge˄�Ï�ÊÒeϖɜÑˠɜşw£ÂÏ

tħmtŚŗā�ˆp�oe§¹Ë��Ïrq�o̘r���]ot�eəȧ͈nu˄�Ï�ÊÒ

uθƜ`mȧ͈�̵jgf 

 
 #�%�

hΚǗǪ͍rÿT̎ʺͱǽ̀tƱŏo͐črδb�ˡ˰9ăƭƌȸět�Ò¡¡¦¬�9ϝ͢ǒ

Ƽɺeìɝ˨ȹeƈɖƬþ͚ȹο NO.671/A-18,35-48,2001.2Ϟirs[�ʄƫʾ�ˆpmȧ͈�̵j

gf 

 
��	��%�

¡©�ueūǟtȗĦt�ūǟt΄ǳ�ʢagė�Ŭ͈`gėno�eŀtCanʍ�g

ė�ˆpgf 

qse¡©�ueĹɕėuΠ̀oq�fĹɕėt͍ƱşwβƦǟnƟYwėuˌq�̈ɧoq�ue

Ǫ˻ʺt˜ǔǢφ˯uťwt�¬Ò¦uo�ue4 ͯʧĻt¬Ò¦uo�Ükǹ˃Ə˥þǱȌȧƓəʔ

tȾ̵ǟno� 2000 ǟ�Ɠʨo`m͑˸�̵jgf  
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]�}nrȸ˂`gȑʔrƓlpmϡȧ͈`g̈ɧ�Ù͋rˤ`gf 

 
&� �*'+ 

�� �%�

 

ƅ�
� ĶϐĻȗĦ�

�

̺��
� àqǟtĶϐĻȗĦ�

ϝŗāⅦːÖÏϞ 

ǟ Ǫ˻  Ώʹ  õ˥þƓ˕  ̚áʝͭͧ  etõ  Ŭ͈  

1990  13.6  1.5 3.0  19.3  34.6  71.8  

1995  10.0  1.2  2.7  15.6  29.4  58.9  

2000  10.3  1.4  1.9  15.4  27.8  56.8  

2005  10.0  1.0  1.6  18.8  24.2  55.7  

2010  7.8  0.8  1.2  17.3  17.4  44.4  

2014  9.4  0.8  1.3  15.2  19.0  45.7  

2015  8.9  0.7  1.1  14.6  17.6  43.0  
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