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4 
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 (2007)
59 11 1568-1575  

 (2009)
 

 (2002)  
 (2007)

196 5 47-61  
 (2007)

43 1 67-72  
 (2008) 2  
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3  
 

 
 

 

 

 

 

 (Keoleian and Menerey, 1994)

, 2003)
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design for environment DfE ecodesign ,
green design life cycle design

(Keoleian and Menerey, 
1994; Lenox and Ehrenfeld, 1995) DfE

DfE

 
DfE (ISO, 1997; 2002)

DfE DfE
(AEA, 1992; OTA, 1992; USEPA, 1994; WICE, 

1994; CSA, 1995; Brezet and Hemel, 1997; Ehrenfeld et al., 1997; APC, 1999; ISO, 
1997; 2002; , 2006)

Graedel and Allenby, 1995; Fiksel, 1996) DfE
(OTA, 1992; Graedel and Allenby, 1995) DfE

(Shelton, 1996; ISO, 2002)
 

Fiksel(1996a; 1996b; 1996c)
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Fiksel, 1996a  
(material substitution) 

 
(waste source reduction) 

 
(substance use reduction) 

 
(energy use reduction) 

    
 

(life extension) 
   

(design for separability and disassembly) 
  

 
(design for recyclability) 

  
 

(design for disposability) 

 
(design for reusability) 

   
(design for remanufacture) 

     
(design for energy recovery) 
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DfE
Fiksel, 1996b  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

DfE

(Fiksel, 1996c) 1  

LCA(life cycle 
assessment)

LCA  
 

 
                                                  
1 

Fiksel(1996c)  
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(Fiksel, 1996c)  
 

 
 

3-1 Brezet and Hemel(1997)
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3-1 DfE  

 
  

  
  
  
  
  
  

 

 

 
  
  
  
  
  
  
  

 
 
 

 
 

 
  
  
  
  

 
 

 
 

 
  
  
  

 
 

 
  
  
  
  
  
 (layman)  
  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
  
  
  
  
  
  
  
  
  
  

Brezet and Hemel (1997) pp. 77-78  

 
 

DfE Graedel 
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and Allenby(1996) 2 DfE

3-2

25 5 5 0 4
100

 
 

3-2  

 
  

 
  

 
 

 1,1 1,2 1,3 1,4 1,5 
 2,1 2,2 2,3 2,4 2,5 
 3,1 3,2 3,3 3,4 3,5 
 4,1 4,2 4,3 4,4 4,5 
 5,1 5,2 5,3 5,4 5,5 

Graedel and Allenby (1996) p. 108  

 
LCA  

LCA 

 
LCA

LCA

, 1999  

                                                  
2 QFD(quality function 
deployment) ISO/TR14062

QFD
DfE QFD

QFDE(quality function deployment for environment)  
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DfE LCA

ISO14040 LCA
LCA

LCA
LCA LCA

LCA LCC(life 
cycle costing)

(Weitz 
et al., 1994; Norris, 2001; Rebitzer, 2002 DfE

 

 
 

 
DfE (2002) (2003)

(2006) (2009)  
(2002) IBM

 
(2003) DfE

 
(2006)

LCA LCC BSC(balanced 
scorecard)

 
(2009) 2003 1

LCA

LCA
LCA
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, 2003; , 2004; , 2004  

 
 

 
2003

DfE  

 
 

 

353
120 33.99% 120 /353

26 (22.22 ) 63 (40.65%) 23 (38.98%)
8 (36.36%)  

(2009)
(2009)

 
3-3 3-4  
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3-3  

 
    
  2001 2002   

 (3  
    

ISO  ISO14001  

   

  
  2   

  2   

 (2009) 15  
 

3-4  

 
   N  

  112 4.09 6.92 5.22 0.63  

 117 1.00 7.00 4.12 1.23  

  116 1.00 7.00 2.86 1.56  

ISO   117 0.00 8.00 4.25 2.07  

  103 10.00 75.00 32.33 10.26  

  103 0.00 35.00 12.36 7.25  

  117 2.00 7.00 4.32 1.11  

  115 1.00 7.00 3.36 1.38  

 (2009) 16  

 
DfE  

 
DfE 3-5 DfE

120 95 79.2% DfE
DfE
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3-5 DfE  
 

    
 18(69.2%) 8(30.8%) 26(100%) 

 19(82.6%) 4(17.4%) 23(100%) 
 54(85.7%) 9(14.3%) 63(100%) 
 4(50%) 4(50%) 8(100%) 

 95(79.2%) 25(20.8%) 120(100%) 

 

3-6 3  

 
 
 
 
 
 
 

87 32

 

 
 

 
3-7 3-5 DfE 3-6

87 DfE
71 ( 59.7%)

DfE DfE 16
 

3-7 DfE  

 
     

9(7.6%) 16(13.4%) 25(21%) DfE  23(19.3%) 71(59.7%) 94(79%) 
 32(26.9%) 87(73.1%) 119(100%) 

 

3-7 DfE
A 23 ) DfE B 16

                                                  
3 VE

 

3-6
 

    
 19(73.1%) 7(26.9%) 26(100%) 

 20(87.0%) 3(13.0%) 23(100%) 
 42(67.7%) 20(32.3%) 62(100%) 
 6(75.0%) 2(25.0%) 8(100%) 

 87(73.1%) 32(26.9%) 119(100%) 
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DfE C:71 ) 3-3
4  

3-8 B C
 

 
3-8 B C  

 
 B C t  p  

 4.8869 5.4316 -0.54470 -4.261 0.000  

 3.4000 4.3810 -0.98095 -2.993 0.004  

 2.6111 3.1502 -0.53912 -1.164 0.248  

ISO  3.1333 4.7826 -1.64928 -2.942 0.004  

 33.3333 31.4550 1.87831 0.656 0.514  

 10.7143 13.0688 -2.35450 -1.066 0.290  

 3.8214 4.4718 -0.65040 -2.039 0.045  

 2.9615 3.6197 -0.65818 -1.585 0.117  

 
B C 3-8

C B
ISO

 
3-9 ISO

DfE
C B

 

 
 

                                                  
4 (2009) A 1(23 C (71 2 43

3 26 B (16  
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3-9 3  

 
 A B C F  p   

 5.0945 4.8869 5.4316 6.659 0.002 TC>TB 

 3.9855 3.4000 4.3810 4.733 0.011 TC>TB 

 2.3864 2.6111 3.1502 2.409 0.095  

ISO  3.9130 3.1333 4.7826 5.274 0.007 TC>TB 

 32.3333 33.3333 31.4550 0.215 0.807  

 13.0833 10.7143 13.0688 0.630 0.535  

 4.1739 3.8214 4.4718 2.441 0.092  

 3.1304 2.9615 3.6197 1.981 0.143  

TB= B, TC= C 

 

3-10 3-11  

 
3-10  

 
  
5  

LCA  LCA  
(%)6  

 5  
  

  

 
 
 
 
 
 
 
 

                                                  
5  
6 (2001) 8% 10%
12% 16% 16%

17%  
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3-11  

 
 
 
 
 
 
 

 

 
 
 

3-12 B C 3-10
t  

 
3-12 B C  

 
 B C t  p  

 0.0625  0.4638 -0.40127 -4.614 0.000  

LCA  0.1875  0.6197  -0.43222 -3.717 0.001  

2.2857  3.6271  -1.34140 -2.076 0.046  

 2.7333  2.7941  -0.06078 -0.122 0.903  

 2.6667  3.0147  -0.34804 -0.604 0.547  

2.3333  2.9853 -0.65196 -1.275 0.206  

 1.9286  2.5294  -0.60084 -1.197 0.235  

 2.0667  2.7941  -0.72745 -1.469 0.146  

 2.6000 4.1143  -1.51429 -3.192 0.002  

 2.4286  2.6197  -0.19115 -0.421 0.675  

 
3-12 B C

LCA  
C B

LCA

 N  

 117 0.00 1.00 0.31 0.46 
LCA  119 0.00 1.00 0.45 0.50 

 73 0.00 12.00 3.37 2.92 
 84 1.00 7.00 2.76 1.74 
 84 1.00 7.00 2.93 2.01 

 84 1.00 7.00 2.85 1.80 
 83 1.00 7.00 2.41 1.71 
 84 1.00 7.00 2.64 1.75 

 85 1.00 7.00 3.85 1.76 
 85 1.00 7.00 2.59 1.55 
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DfE

DfE
DfE

DfE

DfE
DfE

 
 

 

AEA (1992) The Hows and Whys of Design for the Environment, American Electronics 
Association. 

APC (1999) Designing for the Environment: A Design Guide for Information Technology 
Equipment, American Plastics Council. 

Brezet, H. and Hemel, C.V. (1997) Ecodesign: A Promising Approach to Sustainable 
Production and Consumption, United Nations Environment Programme, Industry and 
Environment. 

2001  

CSA (1995) Z762-95 Design for Environment(DfE), Canadian Standards Association. 
Ehrenfeld, J., Lenox, M., Frazier, R., Funk, K. and Jordan, B. (1997) Implementing 

Design For Environment: A Prima, The MIT Program on Technology, Business & the 
Environment and The Digital Equipment Corporation. 

Fiksel, J. (ed.) (1996) Design for Environment: Creating Eco-Efficient Products and 
Processes, McGraw-Hill. 

Fiksel, J. (1996a) “Conceptual principles of DFE”, in Fiksel, J. (ed.) Design for 
Environment: Creating Eco-Efficient Products and Processes, McGraw-Hill. 

Fiksel, J. (1996b) “Envioronmental performance metrics”, in Fiksel, J. (ed.) Design for 
Environment: Creating Eco-Efficient Products and Processes, McGraw-Hill. 
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Fiksel, J. (1996c) “Methods for assessing and improving environmental performance”, in 
Fiksel, J. (ed.) Design for Environment: Creating Eco-Efficient Products and 
Processes, McGraw-Hill. 

Graedel, T.E. and Allenby, B.R. (1996) Design For Environment, Prentice Hall. 
ISO (1997) ISO Guide 64: Guide for the Inclusion of Environmental Aspects in Product 

Standards, International Organization for Standardization. 
ISO (2002) ISO/TR 14062: Environmental Management: Integrating Environmental 

Aspects into Product Design and Development, International Organization for 
Standardization. 

Keoleian, G.A. and Menerey. D. (1994) “Sustainable development by design: review of 
life cycle design and related approaches”, Journal of Air and Waste Management, Vol. 
44, pp. 645-668. 

Lenox, M. and Ehrenfeld, J. (1995) “Design for environment: a new framework for 
strategic decisions”, Total Quality Environmental Management, Vol. 4, No. 4, pp. 
37-51. 

Norris, G.A. (2001) “Integrating life cycle cost analysis and LCA”, International Journal 
of Life Cycle Assessment, Vol. 6, No. 2, pp. 118-120. 

OTA (1992) Green Products by Design: Choices for a Cleaner Environment, Office of 
Technology Assessment. 

Rebitzer, G. (2002) “Integrating life cycle costing and life cycle assessment for managing 
cost and environmental impacts in supply chains”, in Seuring, S and Goldbach, M. 
(eds.) Cost Management in Supply Chains, Physica Publishers. 

Shelton, R.D. (1996) “Organizational Issues in DFE”, in Fiksel, J. (ed.), Design for 
Environment: Creating Eco-Efficient Products and Processes, McGraw-Hill. 

U.S.EPA (1994) Design for The Environment: Product Life Cycle Design Guidance 
Manual, Government Institutes. 

Weitz, K.A., Smith, J.K. and Warren, J.L. (1994) “Developing a decision support tool for 
life cycle cost assessments”, Total Quality Environmental Management, Vol. 4, No. 1, 
pp. 23-36. 

WICE(World Industry Council for the Environment) (1994) Design For Environment, 
International Chamber of Commerce. 

 (2006) 170 5 27-41  
 (2003)

36 2 1-18  
 (2009) (Design for Environment)
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199 6 11-28  
 (2002)  

 (2004)
190 6 53-65  

 (2004) 166 3 84-97
 

 (2001) 53 11 102-111  
 (2006)

 
 (1999) ISO 14000  

 (2003)
27 3 39-50  
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4  
 
 

 

 

NOx CO2

 

4-1  

 

 
4-1  

 
  

A 
 

B 
 

C 
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CO2

 

CO2

CO2  

 
 

 
 

 
US Environmental Protection Agency 1990

Tellus Institute
TCA total cost assessment  

TCA

TCA

 

American Institute of Chemical Engineers 2000 TCA
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EC 1996 98

ECOMAC Eco-management accounting as a tool of environmental management

 
Handbuch 

Umweltkostenrechnung
 

 

 
 

 
2000

2002

, 2003  

 
 

 
4-1 A B C 3
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A  

 
CD

end-of-pipe control
 

 

 

 
B  
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C  

 

20%
CO2 CO2

 

 
B

 

 

CO2
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2

 

 

 
CO2  

 

2005
1,500kl

CO2 5
2005 1,049

CO2

1,200  
3  

 
 CO2 B C  
 A

CO2 CO2 2%  
 AA

CO2 CO2 5%  

 
2007 3 2

2010 3 5
 

CO2

CO2
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( i ) 20

6.6  
(ii)  

12
 

(iii) 
(463 ) 45 55

1  

7,995 9,525
 

 
4-2  

 

 
( ) 

 
( t)*

06  
( t) 

06  
 

 
(09 )** 

 264  512 473 7.7 8.2  

 785  714 710 0.6 4.2  

 1,049  1,226 1,183 3.5 5.9  

 * (2002 04 )  

 ** 2009  

  

(62 ) (42 )

(21 )  

 
 

 
160
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( B)

( C)
CO ( A)

CO2 B C  

 
4-3 CO2  

      CO2 t-CO2  

 

 
4-3 B

CO2 5
47 51 C

20
CO2  

4-4 CO2

C CO2

 

 

2005

160

251  198  602  66  60  269  

67,251  18,173  56,661 34,702 5,893 27,444 

268  92  94 526 98 102 
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4-4 CO2  
      CO2 t-CO2  

19  

39  22  74  11  8  34  

36,731 1,928 18,303 25,048 250 5,612 

942 88 247 2,277 31 165 

 
72

4-5 CO2

50
C 75

10 1
 

 
4-5 CO2  

CO2 t-CO2  

72  

89  86  271  36  33  179  

8,422  6,693 16,731 4,757 2,538 10,379 

95 78 62 132 77 58 

 
 

 
 

 
CO2

CO2
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Bartolomeo, M., Bennett, M., Bouma, J.J., Heydkamp, P., James, P., de Walle, F. and 
Wolters, T. (1999) Eco-Management Accounting: Eco-Efficiency in Industry and 
Science, Kluwer Academic. 

Bundesumweltministerium und Umweltbundesamt (1996) Handbuch Umwelt-  
kostenrechnung, Muenchen. 

2000  

USEPA (1995) An Introduction to Environmental Accounting as a Business 
Management Tool: Key Concepts and Terms, Environmental Protection Agency. 

1997  
(2003) 39 5 51-55

(2004)
(2000) 11

 
 (2002) 13
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5  
 
 

 

 

, 2004; Epstein, 
2008  

(2004)
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 (environmental performance indicators) 

 

Ilinitch et al., 1998; 
Henri and Journeault, 2008

Ilinitch et al., 1998
1  

Ilinitch et al.(1998) /
/ 2 5-1 /

/

 

 
5-1  

 
 

Ilinitch et al. (1998) p. 388 

 
ISO14031

                                                  
1 Ilinitch et al. (1998)
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2002
 

ISO14001
JIS 58-2 

 2008, pp. 243-268 ISO14031

 
1 environmental condition indicators

 
2 environmental performance indicators: EPI

operational performance indicators: OPI
management performance indicators: MPI

EPI

 

3 2  

9

6 5-2
9  

                                                  
2 2007  
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5-2  

 

 
2002  

 
 

 

 
(2004)
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, 2005; , 2005; , 2005; , 2005

 

 
 

 

Henri and 
Journeault(2008; 2009)  

Henri and Journealut(2008) 303
ISO14001 4

13 1 7 7
4.91 1.39

5.7 5.50
5.20 5.13

5.10
3.75

4.60 4.72 4.76
4.79 4.79 ISO14031

 
ISO14001 4

ISO14001
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Henri and Journeault(2009)

eco-control

5-3  

 
5-3 Henri and Journeault(2009)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Henri and Journeault (2009) 

 
 

 

 

 

 

 

 

 

 

2a 2b 

1 

3 4 
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1  
2a  
2b

 
3 (a)

environmental exposure (b) public visibility
(c) (d) (e)

 
4

(a) (b) (c)
(d) (e)

 

 

 

 
 

 

 

 
 

 
2009 3
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3  

 
 

 

17
5-4

 

 
 

                                                  
3 1 6 542

2009 3 9 3 25
162

28.9%  
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5-4  

 

   
  

  

  4 1 79 10 15 46 7 162

  36 0 30 5 4 77 10 162

  5 1 68 8 10 64 6 162

  3 0 72 13 15 54 5 162

  5 0 31 11 21 87 7 162

  0 0 78 13 19 46 6 162

  21 1 56 6 8 61 9 162

  3 2 13 10 25 96 13 162

  42 1 12 10 17 69 11 162

  44 2 26 9 14 61 6 162

 

 
35 3 19 11 11 75 8 162

  2 19 36 12 19 68 6 162

  3 12 88 4 7 40 8 162

  21 4 15 3 14 99 6 162

  23 0 11 4 11 108 5 162

  30 0 43 9 9 62 9 162

  50 0 18 8 10 70 6 162

 
 

 

 

8

5-5
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5-5  

 

   % 

 1 0.6%  

 33 20.4%  

 99 61.1%  

 8 4.9%  

 21 13.0%  

 162 100% 

 
 

 

5-6 156 43 ( 27.5%)
4

5-7

 

 
 

                                                  
4 2008 12

4
60 2008 12 17 , 17  
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5-6  

 
    

6  12  18  
 

(33.3%) (66.7%) (100%)

11  32  43  
 

(25.6%) (74.4%) (100%)

5  19  24  
 

(20.8%) (79.2%) (100%)

14  29  43  
 

(32.6%) (67.4%) (100%)

5  16  21  
 

(23.8%) (76.2%) (100%)

2  5  7  
 

(28.6%) (71.4%) (100%)

43  113  156
 

(27.5%) (72.5%) (100%)

6  

 
5-7  

 
    

  25 (58.14%) 15 (34.88%) 3 (6.98%) 43 (100%) 

  36 (83.72%) 5 (11.63%) 2 (4.65%) 43 (100%) 

  21 (48.84%) 19 (44.19%) 3 (6.98%) 43 (100%) 

  23 (53.49%) 17 (39.53%) 3 (6.98%) 43 (100%) 

  17 (39.53%) 23 (53.49%) 3 (6.98%) 43 (100%) 

  12 (27.91%) 27 (62.79%) 4 (9.30%) 43 (100%) 

  15 (34.88%) 25 (58.14%) 3 (6.98%) 43 (100%) 

  17 (39.53%) 22 (51.16%) 4 (9.30%) 43 (100%) 

  5 (11.63%) 34 (79.07%) 4 (9.30%) 43 (100%) 

 

, 2004  
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5-8 100%
31

13.39% 12.76% 10 15
11 5 10 9 5  

5-9

 

 
5-8  

 

5%  5% 10%  10% 15% 15% 20% 20%   

3  9  11  2  6  31  

(9.6%) (29.0%) (35.4%) (6.4%) (19.3%) (100%) 

13.39% :12.76% 

 
5-9  

 
      

 43 1 5 3.37  0.98 

 43 1 5 3.35  0.95  

 43 1 5 3.26  0.98 

 43 1 5 3.33  1.06 

 43 1 5 3.30  1.01  

 43 1 5 3.28  1.05 

43 1 5 3.02  1.10 

 43 1 5 3.02  1.06  

 42 1 5 3.05  1.08 

 

 
 

                                                  
5 (2004) 10
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5-10  

 
    

 
N 

 
t  

 

 

157 4.14 0.72 4.42 0.63 4.05  0.72  2.91*** 

 

 

158 4.06 0.75 4.21 0.64 4.00  0.78  1.56 

 

 

156 3.62 0.81 3.86 0.78 3.54  0.81  2.18** 

 

 
157 3.34 0.81 3.42 0.70 3.32  0.85  0.71 

 

 
158 2.51 0.88 2.74 0.69 2.40  0.93  2.49*** 

 

 
159 2.38 0.84 2.33 0.87 2.38  0.84  -0.36 

 

 
159 2.04 0.80 1.86 0.77 2.09  0.80  -1.61 

 

***p<0.01, **p<0.05, *p<0.10 

 
5-10

Simons, 2000
5-10

 

3
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5-11  
 

   
 N 

  
t  

 

 
158 2.70 0.97 2.70 0.99 2.70  0.98  0.01 

 

 
159 4.25 0.85 4.30 0.86 4.24  0.85  0.42 

 

 

159 3.74 0.98 4.21 0.77 3.58  1.00  4.21*** 

 

 
159 2.23 1.03 1.98 1.08 2.31  1.01  -1.81* 

 

 

159 3.65 0.90 3.91 0.95 3.57  0.88  2.12** 

 

 

159 3.95 0.91 4.19 0.85 3.87  0.92  1.97** 

 

 

158 3.86 0.87 4.09 0.84 3.78  0.88  2.03 **

 

PDCA

 

158 4.04 0.81 4.26 0.76 3.97  0.81  1.98** 

 

PDCA

 

159 4.02 0.82 4.33 0.75 3.91  0.82  2.89 ***

 

 

158 3.25 0.96 3.60 0.96 3.13  0.94  2.79*** 

        ***p<0.01, **p<0.05, *p<0.10 
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5-11

8

PDCA

 

 
 

 
5-12

2.24
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5-12  

 
   

 N 
  

t  

 

 
162 3.70 1.04 3.98 0.91 3.61  1.06  1.99** 

 

 
162 3.94 0.94 4.26 0.79 3.81  0.97  2.67** 

 

 
162 3.26 0.99 3.23 1.09 3.25  0.96  -0.09 

 

 
162 2.24 1.01 2.28 1.08 2.22  1.00  0.32 

 

***p<0.01, **p<0.05, *p<0.10 

 
 

第 5章　環境業績評価を支援する環境管理会計



88
 

 

 

 
5-13  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

***p<0.01, **p<0.05, *p<0.10 



89
 

 

5-13

8  

 
 

 
 

5-14

10 7

complementary 
assets  
 

 

第 5章　環境業績評価を支援する環境管理会計



90
 

 

5-14  
 

    

 
N 

    
t  

 

 
160 3.38 0.81 3.56 0.80 3.32  0.81  1.61 

 

 
159 3.45 0.82 3.74 0.80 3.36  0.81  2.59*** 
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 153 3.85 0.82 3.93 0.91 3.84  0.79  0.62 

 
158 3.99 0.97 3.98 0.87 3.99  1.02  -0.08 

 139 3.59 0.77 3.61 0.77 3.60  0.78  0.10 

 140 3.09 0.68 3.08 0.73 3.11  0.66  -0.24 

 155 3.86 0.61 3.90 0.58 3.86  0.62  0.36 

 154 3.92 0.51 3.95 0.38 3.92  0.55  0.46 

 130 3.42 0.62 3.66 0.64 3.36  0.61  2.46** 

 
122 3.39 0.61 3.58 0.65 3.31  0.58  2.27** 
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 152 3.77 0.57 3.77 0.48 3.78  0.61  -0.11 

 136 3.40 0.59 3.64 0.58 3.30  0.57  3.07*** 

 142 3.65 0.63 3.78 0.62 3.61  0.64  1.40 

 

***p<0.01, **p<0.05, *p<0.10 
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