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A General Equilibrium Analysis of Environmental 
and Economic Interaction with Material 
Circulation - A CGE-modeling Approach – 

Yuzuru MIYATA & Xiaojin PANG 
Toyohashi University of Technology, Department of Socio-economic Planning, 

Tempaku, Toyohashi 
 
 
 
 
 
 
 
 
 

Introduction  

 

Waste has been throwing a serious issue to our present society. To cope with this issue, a terminology 
“zero-emissions” has very often been used at various phases. As this name suggests, the concept of 
zero-emissions implies a social system where no waste is discharged ultimately. This concept was ini-
tially advocated by United Nations University in 1995 (Capra and Pauli, 1995), and since its initiation, 
study of zero-emissions has attracted many researchers, in particular, in Japan (Suzuki, 2000).  

Looking at the current study situation , however, it has still stayed at an initial stage. For example, stud-
ies have been concentrated on the kind of materials used, or the kind of waste generated in a specific 
production system (Suzuki, 2000).  

Besides the natural science or engineering approach, study of zero-emissions has been a considerably 
unexplored field in environmental economics despite the fact of potentially attractive and important 
theme. For example, it would be significantly worth examined how the economic impacts of promotion 
and realization of a zero-emissions oriented society would be. But there have been little attempts for this 
topic in environmental economics. 

Taking these backgrounds into account, this article aims to extend the authors’ previous study concern-
ing this field (Miyata and Pang, 1999a and 1999b), and then to evaluate the possibility and economic 
impacts of the zero-emissions oriented society taking Aichi Prefecture in Japan as a study region. More 
concretely, this paper emphasizes a CGE-modeling approach to evaluate the following contents: reduc-
tion in the volume of final unused materials due to improvement of recycling rates resulting from tech-
nological progress, changes in the scale of waste recycling and abatement activities, industrial structural 
change towards a zero-emissions society, and impacts of environmental subsidies for promotion of a 
zero-emissions oriented society.  
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Economic and Material Circulation Accounting Matrix 

 

The authors have already proposed an economic-waste accounting matrix in their previous studies 
(Miyata and Pang, 1999a and 1999b). Instead of the former concept, the present paper introduces a sig-
nificantly extended new accounting matrix. The structure of this new matrix is illustrated in Table 2. In 
the new accounting matrix, waste generated by each industry is classified into more detailed categories 
i.e. 26 types. And then recycling, internal and external abatements are considered for each type of waste 
of each industry. 

 Table 1 Classification of Recycled Commodities 

recycled commodities         abbreviation corresponding waste 6 digit classification        
in I/O table 

2 digit classification   
in I/O table 

recycled construction materials � RC� cinder and slag other non-metallic ore mining 

recycled construction materials � RC� organic sludge, inorganic sludge, 
and construction waste gravel and quarrying mining 

recycled construction materials � RC� soot and dust other non-metallic ore mining 
compost COM animal waste organic fertilizers beverage and feed 
recycled organic fertilizers ROF organic sludge organic fertilizers beverage and feed 
recycled organic fertilizers and feeds ROFF animal and vegetable residue organic fertilizers and feeds beverage and feed 
recycled fiber RF waste fiber fabrics fabric and textile 
recycled wooden products RW waste wood timber, plywood, and wooden chip wooden product 
recycled pulp and paper RPP waste paper pulp and paper pulp and paper 
recycled chemical fertilizers RCF cinder, inorganic sludge chemical fertilizer chemical 
recycled acid and alkali RAA waste acid and alkali inorganic chemicals basic products chemical 
recycled oils RO waste oil petroleum refinery products petroleum refinery and coal 
recycled plastics RP waste plastic plastic products plastic 
recycled tires RT waste tire tires and inner tubes rubber 
recycled rubber RR waste rubber rubber products rubber 
recycled glass and 
construction materials � RG waste glass and porcelain glass, and miscellaneous ceramic, 

stone and clay products ceramic, stone, and clay 

recycled iron RI slag and waste metal crude steel iron and steel 
recycled non-ferrous metals RNF slag and waste metal non-ferrous metals non-ferrous metal 

  

 

Moreover, waste recycling , internal and external abatement activities are explicitly specified with their 
factor inputs, i.e. intermediate, labor, and capital inputs. Recycled materials are discriminated from vir-
gin commodities, being in turn used as intermediate and final goods. Table 1 depicts the classification of 
recycled materials.  

Table 3 shows an estimation result of the new economic and material circulation accounting matrix in 
anaggregate format. The original format of this matrix is composed of 34 industries, 18 recycling activi-
ties (R-activities), 34 internal waste abatement activities (S-activities), one external waste abatement ac-
tivity (C-activity), the government, aggregate household, capital, labor, capital account, and the external 
sector. Industries, R- and S-activities are aggregated into respective sectors yielding Table 3. Here, 
C-activity is defined as an aggregate activity that is composed of waste abatement firms and public 
waste abatement activities.    

    From this table, one can see that industries in Aichi Prefecture totally produce 66 trillion and 75.95 
billion yen of output in 1994, generating 16.84 million tons of waste (including industrial general waste). 
Households earn 26 trillion and 63.04 billion yen of income, consume 15 trillion and 16.23 billion yen, 
and discharge 2.14 million tons of waste.  

    2.80 million tons of industrial waste is disposed by S-activities at the cost of 3.9 billion yen. 5.92 
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million tons of industrial and household waste is treated by C-activities at the cost of 16.1 million yen. 
Finally, 10.25 million tons of waste is recycled costing 24.02 million yen.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Hierarchical Structure of the Economic and Material Circulation CGE Model 

 

 

Table 2  Structure of Economic-Material Circulation Accounting Matrix�
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Table 3  Estimated Economic and Material Circulation Accounting Matrix of 1994 Aichi’s 
Economy��

 

The Model 

The proposed model in this study is static one similar to our previous model. Figure 1 graphically illus-
trates its hierarchical structure. This section explains details of the model. 

 

A. Main Assumptions of the Model  

Main assumptions made for the model are summarized here, however, there are many additional as-
sumptions made in the model. Those will be explained at appropriate places to avoid unnecessary 
complexity.  

(1) 1994 Aichi’s economy is examined. Economic agents are households, 34 industries, 18 
R-activities, 34 S-activities, C-activity, the government, and the external sector. Waste dis-
charged by industries and households are classified into 26 types.     

(2) R-activities process a part of industries’ and households’ waste, and supply recycled goods as 
intermediate and final commodities. R-activities are assumed to take firm’s behavior.   

(3) Each industry is equipped with its own S-activity. Each S-activity is assumed to abate only 
waste which is discharged by its associated industry. Operation of each S-activity is managed 
by its industry.      

(4) C-activity is composed of public and private abatement activities, and disposes of industrial and 
household wastes that are neither recycled nor self-abated. C-activity is assumed to take firm’s 
behavior.  

(5) Recycled goods are discriminated from virgin goods. 

(6) 55 markets are considered in the model. They are 34 virgin commodity, 18 recycled commodity, 
one external waste abatement service, labor, and capital markets. These are assumed to be per-
fectly competitive, and in equilibrium in 1994.       
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Table 4  Classification of Industries 

   industry                    abbreviation    Industry                          abbreviation 

 1. agriculture and forestry 

 2. fishery 

 3. mining 

 4. food 

 5. beverage and feed 

 6. fabric and textile 

 7. wooden product 

 8. furniture 

 9. pulp and paper 

10. chemical 

11. petroleum refinery and coal 

12. plastic 

13. rubber 

14. leather 

15. ceramic, stone, and clay 

16. iron and steel 

17. non-ferrous metal 

AF 

FS 

MI 

FO 

BF 

FT 

WD 

FU 

PP 

CH 

PC 

PL 

RB 

LE 

CS 

IS 

NF 

18. metal product 

19. general machinery 

20. electric machinery 

21. transportation equipment 

22. precision machinery 

23. other manufacturing 

24. construction 

25. electric power 

26. gas, steam, and hot water supply 

27. water supply and sewage disposal 

28. trade 

29. financial service, insurance, and real estate 

30. land transport 

31. other transport 

32. communication and broadcasting 

33. car repairing 

34. other services 

MT  

GM 

EM 

TE 

PM 

OM 

CO 

EP 

GS 

WS 

TR  

FI 

LT 

OT 

CB 

CR 

OS 

�

B. Industries and Waste Self-abatement Activities 

 

Each industry produces its commodities inputting intermediate goods, labor, and capital, while it gener-
ates waste. Waste is recycled by R-activities, disposed by the industry itself employing its associated 
S-activity, and treated by C-activity. Portions of wastes recycled, internally and externally abated to the 
total waste generated by each industry and household are fixed. Each industry pays internal and external 
waste abatement costs.  

Leontief technology is assumed in intermediate inputs, while Cobb-Douglas technology is applied in 
labor and capital inputs. Constant returns to scale are assumed in the technology of each industry. The 
technology in S-activities is also Leontief and Cobb-Douglas with respect to intermediate inputs, and 
labor and capital inputs, respectively, with constant returns to scale.                  

Profit maximization in industry’s behavior becomes cost minimization given its output, due to linear 
homogeneity in the production technology. Note that each intermediate input in each industry is speci-
fied as a composite of virgin and recycled goods considerably differing from our previous study. In 
what follows, every intermediate input is specified as a composite of virgin and recycled commodities 
for general expression. For notational convenience, virgin and recycled goods are abbreviated by V- and 
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R-goods, respectively, and a composite of V- and R-commodities by V/R-composite hereafter.     
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where 

 

pV
ij :  price index of intermediate input of V/R-composite i in industry j       

xV
ij :  intermediate input of V/R-composite i in industry j     �

tpVj :  net indirect tax rate on industry j      �

� :  wage rate    �

LVj�� labor input in industry j   �

r�� capital return rate        �

KVj�� capital input in industry j   �

pT
ij� price index of intermediate input of V/R-composite i in S-activity j       
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xT
ij :  intermediate V/R-composite input i in S-activity j            

tpTj :  net indirect tax rate on S-activity j           

LTj :  labor input in S-activity j            �

KTj :  capital input in S-activity j           �

�� :  price of service of C-activity          �

WCj :  volume of waste discharged by industry j and disposed by C-activity         �

Xj :  output of industry j    �

aV0j :  value added rate in industry j    �

aV
ij :  intermediate input coefficient of V/R-composite i in industry j    �

xVij :  virgin commodity i in intermediate V/R-composite i in industry j     �

�Vij :  share parameter on virgin commodity i in intermediate V/R-composite i in industry j      

zVkij :  recycled commodity k in intermediate V/R-composite i in industry j       

�Vkij :  share parameter on recycled good k in intermediate V/R-composite i in industry j      

WGkj :  volume of waste of type k discharged by industry j         

�kj :  marginal waste discharge of type k in industry j    �

WTj :  volume of waste disposed by S-activity j        �

�kj :  rate of internal abatement on waste of type k discharged by industry j     

aT0j :  value added rate in industry j        �

aT
ij :  intermediate input coefficient of V/R-composite i in S-activity j         

xTij :  virgin commodity i in intermediate V/R-composite i in S-activity j            �

�Tij :  share parameter on virgin commodity i in intermediate V/R-composite i in S-activity j       �

zTkij :  recycled commodity k in intermediate V/R-composite i in S-activity j        

�Tkij :  share parameter on recycled commodity k in intermediate V/R-composite i in S-activity j          

�kj :  rate of external abatement on waste of type k discharged by industry j       

AVj :  efficiency parameter in industry j’s production function   

�Vj :  share parameter on labor input in industry j’s production function      �

ATj :  efficiency parameter in S-activity j’s production function      �

�Tj :  share parameter on labor input in S-activity j’s production function       

 

Solving cost minimization problem expressed by equations (1) to (10) given an output Xj , conditional 
demands for intermediate goods, labor, and capital are derived with price indices of intermediate 
V/R-composites. 

�
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Conditional demands for intermediate goods, labor, and capital,
and price indices of intermediate V/R-composites.
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where
pVi : price of virgin commodity i
pRk : price of recycled commodity k
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aTij��xTij /�WTj , cTkij��zTkij /�WTj , 
lTj��LTj /�WTj , kTj��KTj /�WTj�

where
qj : shadow price of S-activity j’s service

Free entry assumption ensures zero profit condition in every industry, 
yielding a supply function.  

The shadow price of S-activity j’s service, qj , is calculated from
the Lagrangian multiplier associated with the technological constraint (6).
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C. External Waste Abatement Activity 

     

C-activity actually disposes of both industrial and household waste. In the model, C-activity is assumed 
to abate waste which is neither self-treated nor recycled. The technology in C-activity is assumed to be 
the same as that in S-activities, but this activity is supposed to take firm’s behavior. That is, cost mini-
mizing is the optimal behavior of C-activity under given industries’ and households’ waste to be re-
duced.               
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where 

pC
i :  price index of intermediate input of V/R-composite i in C-activity      

xC
i :  intermediate input of V/R-composite i in C-activity            

tpC :  net indirect tax rate on C-activity           

LC :  labor input in C-activity         

KC :  capital input in C-activity      

WC :  total volume of waste disposed by C-activity         

�k :  recycling rate on household waste of type k         

WH :  household waste  

aC0 :  value added rate in C-activity       

aC
i :  intermediate input coefficient of V/R-composite i in C-activity           

AC :  efficiency parameter in production function in C-activity           

�C :  share parameter on labor input in production function in C-activity             

xCi :  virgin commodity i in intermediate V/R-composite i in C-activity          

�Ci :  share parameter on virgin commodity i in intermediate V/R-composite i in C-activity         
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zCkj :  recycled commodity k in intermediate V/R-composite i in C-activity       

�Cki :  share parameter on recycled good k in intermediate V/R-composite i in C-activity    

 

From the above-stated optimization problem, we obtain conditional demands for intermediate goods, 
labor, and capital with the price indices of intermediate V/R-composites.    
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  Zero profit condition is also realized in equilibrium yielding a supply function of C-activity.  
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�

D. Recycling Activities 

 

R-activities process a part of industrial and household wastes, and supply recycled goods. It is assumed 
that waste transformed by R-activities is purchased free of cost from industries and households, but the 
quantity of waste inputted in R-activities imposes a technological constraint on the quantity of recycled 
commodities produced by R-activities. 

R-activities are also assumed to take firm’s behavior implying cost minimization of production costs 
under a given volume of waste to be recycled.  
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  with respect to  xR
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where 

pR
ij :  price index of intermediate input of V/R-composite i in R-activity j                   

xR
ij :  intermediate input of V/R-composite i in R-activity j       

tpRj :  net indirect tax rate on R-activity j       

LRj :  labor input in R-activity j       

KRj :  capital input in R-activity j          

Zj :  recycled good supplied by R-activity j          �  

aR0j :  value added rate in R-activity j         

aR
ij :  intermediate input coefficient of V/R-composite i in R-activity j               

WZj :  waste input in R-activity j                

aR
Zj :  waste input coefficient in R-activity j              

WRkj :  waste recycled of type k discharged by industry j         

�kj :  recycling rate on waste of type k discharged by industry j        

	:  household marginal waste generation        

CC :  household composite consumption      


jk :  proportion of waste of type k inputted to recycling activity j        

ARj :  efficiency parameter in production function in R-activity j               

�Rj :  share parameter on labor input in production function in R-activity j            

xRij :  virgin commodity i in intermediate V/R-composite i in R-activity j       

�Rij :  share parameter on virgin commodity i in intermediate V/R-composite i in R-activity j         

zRkij :  recycled commodity k in intermediate V/R-composite i in R-activity j       

�Rkij :  share parameter on recycled good k in intermediate V/R-composite i in R-activity j       
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Conditional demands for intermediate, labor, capital, and waste inputs associated with the supply of re-
cycled good Zj are derived from the optimization problem described by equations (38) to (43). Similar 
to the other activities, price indices of intermediate V/R-composites and zero profit condition are also 
obtained.    
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    Note that the volume of waste processed in producing recycled goods (49) must coincide with the 
volume of waste in generation side (41). This point will be referred again in a later part.  

 

E. Households 

 

Households are assumed to be homogeneous with the fixed number of households. Thus one can con-
sider that households share an aggregate single utility function. Households share a CES utility function 
of the present and future goods. Here, the present good is defined as a CES composite of present con-
sumption goods and leisure time, while the future good is derived from saving.  

Households choose a bundle of the present and future goods so as to maximize the utility function with 
a budget constraint. Then the present good is divided into a composite consumption good and a leisure 
time, being further disaggregated into virgin and recycled commodities. Household behavior is now 
described as follows: 
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)1()1(1)1(1/ 11111111 })1({)(  −−− −+≡ v/vv/vv/v/vv

H,G
HGH,Gumax αα                                   (52) 

  subject to  

  TrHOFItyHpGp HG −−=⋅+⋅ )1( � � �  �                                       (53) 

  TrOHTrGHKIKSrkkLIEwlFI roo +++⋅−−++⋅−≡ )1)(1()1( @                        (54) 

 

where 

G :  household present consumption     

H :  household future consumption     

�:  share parameter in utility function       

�1 :  elasticity of substitution between present and future goods    

pG :  price index of present good         

pH :  price index of future good        

ty :  direct tax rate on households          

FI :  household full income         

TrHO :  current transfers from households to the external sector          

lo :  rate of labor income transferred to the external sector         

E :  household initial labor endowment      

LI :  labor income transfers from the external sector to households (exogenous variable)           

ko :  rate of capital income transferred to the external sector         

kr :  capital depreciation rate            

KS :  initial capital stock endowed by households      

KI :  property income transferred from the external sector (exogenous variable)           

TrGH :  government current transfers to households          

TrOH :  current transfers from the external sector to households         

 

Solving this utility maximization problem, demand functions for present and future goods are obtained 
yielding a household saving function.  
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where 

S :  household real saving    

ps :  price of saving good     

 

Then maximizing the demand for present good (55) with a budget constraint yields a composite con-
sumption and a leisure demand functions. 
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where 

�:  share parameter in sub-utility function     

�2 :  elasticity of substitution between composite consumption and leisure time       

F :  leisure time      

p :  price index of composite consumption good      

SH :  household nominal savings    
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where LS�household labor supply        

 

Substituting composite consumption (62) and leisure time (63) into (59), the price index of the present 
good is derived as follows: 
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Moreover, the composite consumption is disaggregated into V/R-composites by type through maximiz-
ing a Cobb-Douglas sub-sub utility function given household income and leisure time.  
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where 

CC
i :  household consumption of V/R-composite good i          


i :  share parameter in sub-sub-utility function     

pD
i :  price index of V/R-composite consumption good i     

Y :  household income       

 

    From this optimization problem, V/R-composites by type are derived with the price index of CC.  
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    Finally, V/R-composites are further disaggregated into virgin and recycled goods with a budget 
constraint. 
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where        

Ci :  household consumption of virgin good i      

�i :  share parameter on virgin good i in V/R-composite i        
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ZCki :  household consumption of recycled good k      

�ki :  share parameter on recycled good k in V/R-composite i        

 

Therefore we have;  
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F. The Government, the External Sector, and Saving/Investment Balance 

These are specified as the following balances of payments.  

 

government sector  
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where     

TrOG :  current transfers from the external sector to the government (exogenous variable)   

CGi :  government consumption of virgin good i     

ZGk :  government consumption of recycled good k     

TrGH :  government current transfers to households      

WTC :  government expenditures on C-activity          

TrGO :  government current transfers to the external sector       

SG :  government nominal savings    
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external sector  
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where     

EMi :   import of virgin commodity i     

KIO :   property income transfers from households to the external sector    

LIO :   labor income transfers from households to the external sector       

EXi :   export of virgin commodity i (exogenous variable)      

KI :   property income transfers from the external sector to households (exogenous variable)  

LI :   labor income transfers from the external sector to households (exogenous variable)    

SO :   savings of the external sector ( = - prefectural current surplus )   

 

balance of saving and investment  
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where    

DRVi :  capital depreciation in industry j         

DRRi :  capital depreciation in R-activity j          

DRTi :  capital depreciation in S-activity j          

RC :  capital depreciation in C-activity            

Ii :  virgin good i used in investment       

ZIk :  recycled good k used in investment       

 

In the above specifications, nominal government consumption expenditures, pVi�CGi and pRk�ZGk , cur-

rent transfers from the government to households, TrGH, and current transfers from the government to 
the external sector, TrGO, are assumed to be proportional to the government total revenue. Proportions 
of virgin and recycled goods in government consumption expenditures and capital investment are fixed 
at nominal term. 

Exports of each commodity are fixed at a real value, while imports are assumed to be proportional to 
prefectural domestic demand for each good. Exports and imports are assumed to exclude recycled 
commodities since this study emphasizes intraregional material circulation. 
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G. Supply Functions  

 

Differentiating the zero profit conditions in industries, R-activities, and C-activity with respect to supply 
quantity, supply functions are respectively derived. Industries’ and R-activities’ supply functions can be 
expressed by matrix representation as in equation (81).  
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The supply function of C-activity is given by the following equation. 

  ])[1(
18

1

34

1
CCC

k
CkRk

i
CiViC KrLwtpcpapq ⋅+⋅+++= ∑∑

==
                                   (92) 

Therefore given a price system satisfying equations (81) and (92), all the demands including demands 
for virgin and recycled commodities, and production factors are determined. Then outputs of industries, 
R-, and C-activities are determined to meet the respective demand levels.  
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Equilibrium Conditions 

 

Summarizing the demand and supply functions mentioned above, the equilibrium conditions in the 
present model are described as follows:     

 

virgin and recycled commodity market equilibrium 
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  waste recycling equilibrium          
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  waste self-abatement equilibrium   
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  waste external consigned abatement equilibrium    
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  labor market equilibrium 
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  capital market equilibrium 
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In these conditions, commodities are supplied to meet the demand, and waste abatement services are 
provided to treat wastes described by equations (95) and (96). However, the volume of waste to be re-
cycled, Zi , is determined by equation (93) derived from waste demand side as well as by the condition 
(94) imposed by waste generation side. To realize both the conditions, in this study, net indirect tax rates 
on R-activities, tpRi , are adjusted to satisfy equation (94) from waste demand side, while recycling rates,

�kj and �k , are adjusted from waste generation side.     

In addition, the above-mentioned equilibrium conditions are, of course, insufficient to solve the model 
implying that all the equations in the model are necessary. However if equation (94) is satisfied, the 
Walras law, that is, value of excess demand for labor + value of excess demand for capital = 0 will be 
realized. This implies that if either labor or capital market is cleared, the equilibrium solution of the 
model can be obtained.  

Thus letting labor be a numeraire (w = 1), capital return rate is computed to clear the capital rental market by using 
Newton-Raphson method. Moreover, net indirect tax rates on R-activities, tpRi , or recycling rates, �kj and �k , 
are calibrated feedbacking a gap in equation (94) to obtain the full equilibrium solution. 

 

Parameter Setting  

    

For numerical experiment, it is necessary to estimate parameters in functions specified in the model. 
Since the technological parameters in the production functions in industries, R-, S-, and C-activities are 
specified as Leontief-Cobb-Douglas type, they can easily be estimated by applying the economic and 
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material balance accounting matrix as a benchmark dataset in a usual CGE-modeling framework (Sho-
ven and Whalley, 1992). The detailed results of parameter estimation is beyond the scope of this paper, 
therefore, they are skipped here.  

For the parameters in the utility function, estimation of them is made in a standard way with results 
shown in Table 4 though the description of the estimation method is skipped as well.  

Marginal waste generations, waste recycling rates, and waste abatement rates were estimated by em-
ploying Research Report on Industrial Waste in Aichi Prefecture (1996). Waste is expressed in physical 
term in this study, but recycled goods are modeled in both physical and monetary terms. Prices of recy-
cled commodities are estimated by applying Japan’s I/O Tables (1999) and Research Report on Cost of 
Waste Disposal (1998).  
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Table 4 Parameters in Utility Function 

Commodities share parameter 

present goods 0.77824 

future goods 0.22176 

composite consumption 0.58506 

leisure time  0.41494 

elasticity of substitution between 
present and future goods 

1.11908 

elasticity of substitution between 

composite consumption and leisure time  
1.07054 

 

Simulation Analysis 

A. Simulation Cases  

As described in the model specification, optimization is made to derive the demand and supply equilib-
rium of virgin commodities, implying that virgin commodity equilibrium is a result of economic agent 
purposive behavior. But the demand and supply of recycled materials are linked to by-products of in-
dustries, implying that disequilibrium in recycled commodity market is prone and inevitable under fixed 
parameters relating to recycling. Figure 2 graphically illustrates this situation.         

Therefore if some waste program is to be implemented, the following conditions must hold to equili-
brate the demand and supply of virgin and recycled goods.    

 

(1) Recycling rates must rise when the demand for recycled goods is intended to increase.  

(2) Prices of recycled goods must decline when the supply of recycled commodities is intended to 
increase. Taking these conditions into account, 6 cases presented in Table 5 will be simulated 
and comparatively examined. Exgogenous changes in parameters in cases 1 to 3 are shown in 
Tables 6 and 7, which are set up referring to targets made by the government or some industrial 
associations (National Environmental Planning Agency, 1993) .  

 

 

 

 

 

 

 

Figure 2  Concept of Simulation Analysis   
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Table 5  Simulation Cases 

case description 

base 
case Business as usual case. 

case 1 

Recycling of waste is expanded in demand side by rising share parameters on recycled 
goods in intermediate V/R-composite inputs in industries, R-, S-, and C- activities. To 
equilibrate demand for and supply of recycled goods, recycling rates are endogenously 
calibrated. Rates of increase in share parameters are shown in Table 6. 

case 2 

Recycling of waste is promoted in supply side by increasing recycling rates. R-activities 
are subsidized by the government to equilibrate demand and supply of recycled goods 
through lowering prices of recycled goods. Rates of increase in recycling rates are pre-
sented in Table 7. 

case 3 In addition to case 2, additional government subsidies are equivalently financed by rising 
household direct tax rate.  

case 4 Recycling rate on every waste is increased to 100%. Similar to case 2, additional gov-
ernment subsidies for R-activities are considered. 

case 5 In addition to case 4, household direct tax rate is internalized to equivalently compensate 
the additional government subsidies in case 4.  

 

Table 6  Assumed Rates of Increase in Share Parameters on Recycled Commodities in Case 1 

recycled  goods 

rate of 
 increase 
 in share 
parameter  

recycled  goods 

rate of 
increase  
 in share 
parameter 

recycled construction materials 
� 3 recycled chemical fertilizers 40 

recycled construction materials 
� 5 recycled acid and alkali 20 

recycled construction materials 
� 10 recycled oils 10 

compost 10 recycled plastics 20 

recycled organic fertilizers 40 recycled tires 20 

recycled organic fertiliz-
ers/feeds 10 recycled rubber 10 

recycled fiber 20 recycled glass and construction mate-
rials 	 40 

recycled wooden products 20 recycled iron 1 

recycled pulp and paper 10 recycled non-ferrous metals 1 
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Table 7  Assumed Rates of Increase in Recycling Rates in Case 2 

Waste 

rate of 
 increase 

in 
recycling 

rate 

Waste 
rate of 

increase in 
recycling 

rate 
waste 

rate of 
 increase 
in recy-

cling rate 

Cinder 30 waste plastic 20 waste glass and 
porcelain 40 

organic sludge 40 waste tire 10 slag 3 

inorganic 
sludge 40 shredder dust 0 waste concrete 10 

general waste 
oil 10 waste paper 10 waste asphalt 10 

waste solvent 10 waste wood 20 other construction 
waste 10 

solid waste 10 waste fiber 20 soot and dust 10 

oil sludge 10 animal and vegeta-
ble residue 10 animal waste 10 

waste acid 20 waste rubber (50) other industrial 
waste -- 

waste alkali 20 waste metal 0   

Note: The recycling rate on waste rubber in case 2 is assumed to be 50% since it is 0% in the base case.              

 

B. Simulation Results 

Simulation results of the 6 cases are shown in Figures 2 to 9 where variational ratios of cases 2 to 5 rela-
tive to the base case are illustrated. Monetary values are indicated in terms of the relative price system in 
the base case. 

 

(a) case 1 

Although share parameters on recycled materials are increased implying expansion of use of recycled 
commodities in demand side, impacts of the scenario in this case are estimated to be very small.   

Looking at industrial outputs in Figure 4, negative impacts are relatively large on rubber and beverage 
and feed with impact rate of -0.1%, and plastic with -0.04%. Industries suffered from negative impact 
can be identified as those suffered from substitution effect where virgin goods are substituted by recy-
cled goods. Positive impacts are found in assembling manufactures and consumption related industries. 
As use of recycled goods are promoted, price indices of V/R-composites slightly fall resulting in a mod-
erate expansion in household consumption with a positive equivalent variation of 4.1 billion yen. 
Moreover, imports of virgin commodities substituted by recycled goods show a decrease as expected. 
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(b) case 2 

In this case, recycling rates are increased endogenously adjusting government subsidies to equilibrate 
demand and supply of recycled goods. Since small increases in recycling rates are assumed, significant 
impacts of the scenario of this case are not found as well.                         

However, government subsidies considerably depreciate prices of recycled goods. There can be ob-
served many recycled commodities with over 10% down in their prices, specifically prices of recycled 
rubber, recycled organic fertilizer, and recycled pulp and paper show falls of exceeding 30%. This result 
suggests that a significant decline in recycled commodity prices must be necessary even in a realistic 
and feasible recycling program.           

The additional expense of subsidies is estimated as 9.8 billion yen which straightforwardly reduces 
government revenues since no additional tax is assumed to compensate the expenditures. On the other 
hand, since household waste is promoted by 60% up in the recycling rate, government expenditures on 
C-activity are saved by 5.9 billion yen yielding an increase in government savings of 4.7 billion yen.  

Substitution effect is observed in imports of several commodities, but the total import increases due to 
expansion effect in industries and income effect in households.                       

Households consumption expenditures and savings grow due to income effect of falls in recycled 
commodity prices leading to a welfare improvement as EV shows 14.2 billion yen.       

 

 

 

 

 

 

 

Figure 3 Changes in Key Variables  

        

Note: 1. total output, 2. total industrial output, 3. prefectural gross product, 4. gross product of industries, 
5. household full income, 6. household income, 7. household composite consumption, 8. leisure time, 9. 
household savings, 10. direct taxes, 11. net indirect taxes, 12. government income, 13. government 
consumption, 14. government current transfers to households, 15. government current transfers to the 
external sector, 16. government savings, 17. investment, 18. labor demand, 19. capital return rate, 20. 
price index of composite consumption, 21. total output of R-activities, 22. total output of S-activities 23. 
gross product of R-activities, 24. gross product of S- and C-activities, 25. government expenditures on 
C-activity, 26. equivalent variation.  
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Figure 4  Changes in Outputs of Industries 

 

 

 

 

 

 

 

 

Figure 5  Changes in Waste Generation  

Note: S.T.: total volume of industrial waste, H : households 

 

 

 

 

 

 

 

 

Figure 6  Changes in Recycled Waste 

Note: S.T.: total volume of industrial waste, H : households 
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Figure 7  Changes in Imports of Virgin Commodities 

 

 

 

 

 

 

 

Figure 8  Changes in Prices of Virgin Commodities 

 

 

 

 

 

 

 

Figure 9  Changes in Prices of Recycled Commodities 

 

 

 

 

 

 

Figure 10  Changes in Prices of Waste Abatement Services 
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Note: ET: external waste abatement 

 

(c) case 3 

In this case, it is assumed that the additional government subsidies on recycling activities are equiva-
lently financed by raising the household direct tax rate. As a result, only direct effects such as a decrease 
in household disposable income, increases in revenues, consumption expenditures, and savings in the 
government sector are significant with small indirect repercussive impacts. Although a decrease in 
household consumption affects a negative impact on household utility, it is compensated by increases in 
household leisure time and savings leading to a welfare improvement as EV depicts 2.7 billion yen.  

 

(d) case 4  

This case assumes perfect recycling, i.e. 100% recycling rates on every waste (except household food 
residue aiming) at realizing a zero-emissions oriented society in Aichi Prefecture. Similar to case 3, ad-
ditional government subsidies on recycling activities are considered to depreciate prices of recycled 
commodities.  

By assumption, one can see that there are a number of types of waste whose recycled volumes become 
several times as compared to the base case, yielding significant impacts on the prefectural whole 
economy. Looking at industrial activities in Figure 4, significant reductions in their outputs can be found 
due to substitution effect particularly in beverage and feed with impact rate of -0.2%, plastic with -0.1%, 
pulp and paper with -0.08%, and rubber with -0.06%.  

On the other hand, construction, agriculture and forestry, and food industries show increases in output 
with positive impact rates of 1.1%, 0.8%, and 0.4%, respectively. Assembling industries such as general 
machinery, electric machinery, and transportation equipment industries expand suggesting an industrial 
structural change from raw material based industries to assembling industries in the prefectural econ-
omy.  

Relating to this structural change, imports show a similar manner to industrial outputs, however, their 
magnitudes are larger than in outputs resulting from impacts on household consumption expenditures 
and capital investment.  

Government subsidies on recycling activities considerably depreciate prices of recycled commodities 
ranging from 18% to 95% except recycled iron and non-ferrous metals, since they have already been 
recycled at high recycling rates. Government additional burden on budget resulting from the subsidies is 
estimated as 66.8 billion yen, yielding a decrease of 13 billion yen in government consumption expen-
ditures. However, public expenditures on C-activity are reduced by 23.9 billion yen which in turn 
increases government savings by 15.6 billion yen.   

For households, income effect is significant due to the fall in commodity prices deriving expansions in 
consumption and savings with welfare improvement of 91.2 billion yen in EV. 

 

(e) case 5 

Like case 3, this case also supposes that the additional government subsidies for promotion of recycling 
in case 4 is equivalently compensated by endogenously raising the household direct tax rate. Similar to 
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the results in case 3, significant impacts are particularly found in households and in the government. 
Household disposal income is reduced by an increase in direct taxes, but their consumption expendi-
tures do not show a large decrease with impact rate of only -0.04% being offset by the income effect of 
commodity price depreciation.     

In the government budget balance, government expenditures on C-activities are reduced by 24 billion 
yen in addition to an increase in direct tax revenues leading to an increase of 24.8 billion yen in gov-
ernment savings with an expansion in capital investment. Despite household consumption expenditures 
decrease, EV shows 11.7 billion yen followed by an increase in household leisure time and savings. 

 

 

Concluding Remarks 

 

This study has significantly extended our previous paper on this topic internalizing waste recycling ac-
tivities as economic agents, and specifying detailed recycling and waste abatement rates. Even in Japan, 
data collection is very difficult in waste studies. This article has also attempted to improve the data reli-
ability as far as the authors could. Assuming realization of a zero-emissions society in this study, nu-
merical simulations of the general equilibrium effects of it is highlighted since they have not been ex-
amined and reported in the literature.   

On the other hand, the actual waste problem has been throwing us various difficulties including recy-
clability of specific materials, complexity of physical distribution system of waste recycling, and recy-
clability of materials already accumulated in our society for long time. These are our new targets in the 
future studies.  

Finally, this study is financially supported by the Scientific Grant-in-Aid of Ministry of Education, the 
Government of Japan (No.0924710 4, No.09680547, and No.09303001).       
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Sustainability – a holistic concept 

 
There are numerous definitions of sustainable development. We should learn to use adequate interpreta-
tions for specific scientific or practical purposes and goals. For my purpose, I prefer to take a holistic 
view.  
In chart 1, I have systemized sustainability within three spheres: object, time and space.1  In the first 
line in chart 1, you find the so-called „three column hypothesis“, extended with culture and politics. To 
involve all actors simply means that in pursuing sustainability, all have to take responsibility; there must 
be no spectators. An important aspect of sustainability is innovation, as innovation paves the path to 
sustainability. Of course, technical innovations are very important in the technical worlds of modern 
industrialized societies. But if there is no new behaviour of inventors, producers, users, etc. involved, the 
new technique can easily get stuck on its way to diffusion.2 The same argument holds for institutional 
innovation: a technical innovation most often requires new formal or informal rules (D.C. North) or re-
forms.  
Embedded ness is a very important notion in the context of sustainability (Anthony Giddens). As re-
gards time and space, both intertemptal and interregional responsibility and justice are involved. Fur-
thermore, the short run view must be embedded in the medium run, and these have to be embedded in 
the long run. As regards space, we are acting locally or in the region while important decisions are made 
at the national, supra-national and international level.  
The specific meaning of sustainability has to be assigned for particular socio-economic actors or groups 
of actors. For the firm it seems apt to describe sustainability as securing human, natural and technical 
resources in the long run and organizing them.  
 

                                                             
1 To distinguish various elements or spheres of sustainability while talking about a holistic concept seems not very satisfactory. 
But we never can think a complex entity like sustainability at once as a whole. 
2 Following Ulrich Witt, innovation is defined as utilizing any potential of a new action. 
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P rof. D r. H elge M ajer U nivers ität S tuttgart, IV R ,
A bteilung für U mwelt- und Innovations fors chung

Sustainability - a holistic concept

Object •E conomic , E cological, social, cultural, political system

•A ll actors (e.g. stakeholders)

•A ll levels of action (levels of governance)

•Technical, behavioral, institutional innovation

•A ll governance structures (market, hierarchy, networks, cultures)

• A ll kinds of activities (paid employment, private, civic activities)

T ime Short run, medium run, long term (embeddedness)

S pace Local, regional, national, supra-national, global (embeddedness)

Actors develop
specific content
of sustainability

Corporations: Combine all factors of production
(labor, capital, natural environment)

 
Chart 1 

The sustainable firm 

For the firm it seems apt to describe sustainability as securing human, natural and technical resources in 
the long run and organizing them (chart 2). Furthermore, we can break down the holistic elements of 
sustainability to the level of the firm from chart 1.3  

P rof. D r. H elge M ajer U nivers ität S tuttgart, IV R ,
A bteilung  für U m welt- und Innovations fors chung

E mployees

T echnology

Natural R esources

O rganization

TIME
S PAC E

OBJ E C T

S ustainable production - the holistic view

Irreversibility         long term

           medium term

non-predictability   short term

local, regional

national, supra-national    embeddedness

global

A ll levels of governance

A ll actors

S takeholders

A ll dimensions
ecolocical
economical
social

C ulture   non-separability

C omplete chain of
production

P rocurement, R &D ,
production, marketing

A ll forms of innovations
technical
behavioral
institutional

Transformation I (sustainable firm)

 
Chart 2 

                                                             
3 Cf. Helge Majer, Das nachhaltige Unternehmen – Versuch einer Begriffsbestimmung, in: Thomas Beschorner, Reinhard 
Pfriem (ed.), Evolutorische Ökonomie und Theorie der sozialökologischen Unternehmenspolitik. Handlungstheoretische 
Grundlagen und Konzeptionen einer Theorie der Firma, Marburg 2000 
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To arrive at zero-emission solutions in a circular economy, there has to be an adequate organisation at 
the firm level; if there are and is no visions, ideas, motivations, organisational base at the micro-level, 
where will the incentive come from to form the circular economy at the meso-level? This bottom-up 
approach from the individual actors should be supplemented by the top-down approach, which provides 
the institutional innovations (reforms of regulation, re-regulation in favor of the circular economy)4   
 
There are numerous firms in Germany that are either open for sustainable production or who have al-
ready implemented it (see below). I will select one (well-known) example: Henkel. As can be seen from 
chart 3, the time path of the development of a firm from reactive to proactive strategies and measures is 
quite long and, as Henkel shows, at a certain stage it seems to be irreversable.  
 

Prof. Dr. Helge Majer Universität S tuttgart, IVR ,
Abteilung für Umwelt- und Innovationsforschung

Towards the sustainable firm - the case of Henkel

 
Chart 3 

 

                                                             
4 In Germany, this would be e.g. the „Kreislaufwirtschaftsgesetz“ of 1996. 
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In chart 4, I have listed some German firms that have already implemented loops of circular production.  
 

P rof. D r. H elge M ajer U nivers ität S tuttgart, IVR ,
Abteilung für Umwelt- und Innovations fors chung

Closing the circle I - firms

• Deutsche Aerospace AG  - München-Ottobrunn

• MVS  Miete Vertrieb Service AG , Berlin

• Service-4U, Aachen

• Wilkhahn, Wilkening + Hahne GmbH & Co., Bad Münder

• DaimlerChrysler AG , S tuttgart-Möhringen

• Huttelmaier GmbH&Co., Schorndorf

• Xerox GmbH (Deutschland), Neuss

• Larose Hygiene-Service GmbH, Köln

• Fujifilm, Ashigara (Japan)

• E con-A ir AG , Lübbecke

• Mercedes-Benz CharterWay GmbH, Berlin,

• A lfred Kärcher GmbH & Co. R einigungssysteme, Winnenden

• S iemens AG , Berlin

Source: FLA IG , 2000

 
Chart 4 
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Joint production 

 
Industrial ecology 
 

P ro f. D r. H e lg e  M a je r U n ive rs itä t S tu ttg a rt, IV R ,
A bte ilung  fü r U m w e lt- und  Inn o va tio n s fo rs chu ng

E n v iro n m en ta l M a n a g em en t

M a teria l B a la n c e  - K a lu n d b ø rg

Indus trial E cology

O ne  of the  earliest and m ost success ful industria l ecology systems , K a lundbø rg , is  a  town where
heavy industry obeys  the cyclica l laws of a  natura l ecosystem , with the waste products  of one
factory used to hea t homes or power other factories , form ing a  web of conservation and
dependency.  Indus tries  cooperated in money-saving efforts  to follow new pollution-control policies ,
cut back on virg in energy and mate ria l inputs  and reduce esca la ting disposa l costs .

K a lundbø rg has  four ma in industrie s :
As nas  P ower S tation,  a  coa l-fired plant;
Novo Nordis k,  a  make r of enz ym es and pharmaceutica ls ;
G yproc,  a  p laste rboard manufacturer;
and S tatoil,  a  re fine ry.

"Industria l ecology is  ecologica l in that it looks  to the natura l world for mode ls  of highly e fficient
uses  of resources , ene rgy and byproducts . [. . . ] A lso, it p laces  human activ ity - industry on the ve ry
broadest sense - in that la rger context of the biophys ica l environm ent. "

D r .  E h re n f e ld ,  D ir e c to r  o f  th e  T e c h n o lo g y ,  B u s in e s s  a n d  E n v ir o n m e n t Pr o g ra m  a t  th e  C e n te r  f o r
T e c h n o lo g y ,  Po l ic y  a n d  In d u s tr ia l D e v e lo p m e n t,  M IT .

Kalundbørg, Denmark: an indus trial s ymbios is

S ource :  W anjek 1997

1 & 2  - 5

Chart 5 

P ro f. D r. H e lg e  M a je r U n ive rs itä t S tu ttg a rt, IV R ,
A bte ilung  fü r U m w e lt- und  Inno va tio ns fo rs chung

G yproc
plasterboa rd manufacturing

As nas  Power Plant 
coa l-fired p lant

S tatoil
oil re fine ry

Novo Nordis k
 enz ym es and

biotechnology

C ity of K a lundbø rg

loca l fish farm

Kemira
acid p lant

loca l fa rm ers

cement producers

road construction

piggeryf lu e  g a s  1 9 7 2

f lu e  g a s  1 9 9 2

c o o lin g  w a te r
 1 9 8 7

tr e a te d  w a s te w a te r  1 9 9 9

s te a m  1 9 8 2

s te a m  
1 9 8 2

tr e a te d  
w a s te w a te r  
1 9 9 1

y e a s t  1 9 7 6

s u lf u r
1 9 9 0

s la g  1 9 7 9
f ly  a s h
1 9 7 9

s lu d g e  
1 9 8 9

e x c e s s  h e a t 1 9 8 9

p la s te r
1 9 9 3

c o n d e n s a te
1 9 9 9

n itr o g e n - r ic h
s lu d g e  
1 9 7 6  

dis trict heat 

forerun&return    1981

S ource : S chm id 1997

K a lu n d b ø rg

Chart 6 
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Prof. Dr. Helge M ajer Univers ität S tuttgart, IVR ,
Abteilung für Umwelt- und Innovationsforschung

Asnas produces steam and heat while generating
electricity. The company now funnels some of that steam
to Statoil and Novo Nordisk. Statoil, which meets 40
percent of its steam requirements this way, uses the
steam to heat pipes and tanks. Novo Nordisk gets all its
steam from Asnas and uses it as a source of heat and
pressure. Asnas also pipes its excess heat to local fish
farms and many homes. In fact, the municipality plans to
have every home heated this way by 2005. This process
of heat and steam recycling has raised the efficiency of
coal burning from 40 percent to more than 90 percent.
Gyproc benefits from Asnas' waste stream as well, by
using the power company's gypsum to make
plasterboard. Gypsum, a calcium sulfate, is produced by
Asnas's scrubbers, which were set up to reduce sulfur
emissions. Cement producers and local contractors also
get Asnas's fly ash byproduct. Statoil Refinery also
contributes elements of its waste stream. F lue gas, a
byproduct of oil refining, goes through a desulfurization
process, and the hot, liquid sulfur which is captured is
sold to the Kemira Acid Plant across the sea in Jutland.
Statoil's sulfur-free flue gas then goes to Gyproc and
Asnas instead of being burned off. Asnas saves 30,000
tons of coal a year by using this excess gas, while both
companies are able to meet new SOx and CO2
regulations. And for Gyproc, Statoil meets nearly 95
percent of its gas needs. Novo Nordisk gives its
nitrogen-rich sludge to local farmers.

A thousand or so farmers, who get this pasty sludge via
pipeline or truck, each save about $50,000 a year in fertilizer
costs. A 1976 Danish regulation placed serious restrictions on
dumping organics into the sea, and landfill space was rapidly
dwindling all over Europe, so it became cheaper for Novo
Nordisk to install a piping and truck system, treat the sludge
and give it to farmers. The company subsequently decided
not to charge them, to forestall them from turning elsewhere
for fertilizer in the future.

Another efficiently used resource in Kalundbørg is water.
Supplies had dwindled through the years, and citizens
complained that the big industries were withdrawing too much
ground water. Thermal pollution of Kalundbørg Fjord also
worried the locals. Consequently, Statoil and Asnas now
share water. Statoil dips into nearby Lake Tisso, then sends
its cooling water not to the fjord or the lake, but to Asnas's
boilers. Statoil also sends treated wastewater to Asnas, which
the power company uses to clean and perform other "non-
boiler" activities. Asnas does need to use Lake Tisso, but it
can get 75 percent of its water from Statoil. Novo Nordisk,
having completed its government-mandated wastewater
treatment plant in 1992, is now considering sending water to
Gyproc if the water is of high enough quality for making
plasterboard. Regardless of the environment, these were
sound economic decisions in the face of new policies and
promises of new technologies. As long as manufactures
could keep the price of their "waste" below the market value
of virgin materials, they could always find someone to buy it.

Environmental Management

Material B alance - Kalundbørg

How it works

Source: Wanjek 1997

 
Chart 7 
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K alundborg 1975

Chart 8 
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P rof. D r. H elge M ajer U nivers itä t S tuttg a rt, IV R ,
A bteilung  für U mwelt- und Innovations fors chung

K alundborg 1985

Chart 9 
 

P ro f. D r. H e lge  M a jer U n ivers ität S tuttg a rt, IV R ,
A bte ilung  für U m welt- und Innovations fo rs chung

K alundborg 1995

 
Chart 10 
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P rof. D r. H elge M ajer Univers ität S tuttgart, IV R ,
Abteilung für U mwelt- und Innovations forschung

Closing the circle II - industry

• Upper S tyria 

• Lower Styria

• Pfaffengrund, Heidelberg

• Ruhrgebiet

• Oldenburger Münsterland

• Karlsruhe - R heinhafen

• Netzwerk Plus

• Rhine-Neckar Triangle

Chart 11 
 
 

 
Chart 12 
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Chart 13 
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Chart 14 
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Implementing the circular economy 

 

Prof. Dr. Helge Majer Universität S tuttgart, IVR ,
Abteilung für Umwelt- und Innovationsforschung

Missing partners - embeddedness

 
Chart 15 
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Ulm Initiative for Sustainable Economic Development - Ulmer Initiativkreis nachhaltige 
Wirtschaftsentwicklung (unw) 

 
 

Prof. Dr. Helge Majer Universität S tuttgart, IVR ,
Abteilung für Umwelt- und Innovationsforschung
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Zero Emissions Activities in Japan 

 

Motoyuki Suzuki 
United Nations University, Tokyo 

 
 
 
 
 

Growth of Japan after ModernizationGrowth of Japan after ModernizationGrowth of Japan after Modernization
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Environmental Policies in 
Industrial Systems

Environmental Policies in Environmental Policies in 
Industrial SystemsIndustrial Systems

 High Growth and Pollution PreventionHigh Growth and Pollution Prevention
–– Development of Development of EndEnd--ofof--PipePipe TechnologiesTechnologies

 Cleaner ProductionCleaner Production
–– Renovation of Production ProcessesRenovation of Production Processes

 Zero EmissionsZero Emissions
–– Total Reduction of Environmental Load and Total Reduction of Environmental Load and 

Maximization of Resources ProductivityMaximization of Resources Productivity
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End-of-pipe, Cleaner production and Zero EmissionsEndEnd--ofof--pipe, Cleaner production and Zero Emissionspipe, Cleaner production and Zero Emissions
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End-of-pipe, Cleaner production 
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Environmental Effects and 
Industrial Management

Environmental Effects and Environmental Effects and 
Industrial ManagementIndustrial Management
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Zero Emission Research Projects in JapanZero Emission Research Projects in Japan
 Grant-in-aid from Ministry of Education, Science, Sport and Culture 

(Monbusho): Priority Area Research: 
– Formulation of Material Cycles Oriented to Zero Emission 

System
• Principal Researcher: M. Suzuki, 1997-2000, 80 professors

 United Nations University, Institute of Advanced Studies:
– Zero Emission Research Initiative

• Founder: Gunter Pauli, 1994-1996, UNU/IAS 1997-

– Zero Emission Forum (2000-)
• Industry, Government, Academic Networks

 Japan Society for Promotion of Sciences, University-Industry Research 
Cooperation 
– Committee on Zero-Emission Systems

• Chairman: M. Suzuki, 1997-, Five years, 25 companies + academia

 GrantGrant--inin--aid from Ministry of Education, Science, Sport and Culture aid from Ministry of Education, Science, Sport and Culture 
((MonbushoMonbusho): Priority Area Research: ): Priority Area Research: 
–– Formulation of Material Cycles Oriented to Zero Emission Formulation of Material Cycles Oriented to Zero Emission 

SystemSystem
•• Principal Researcher: M. Suzuki, 1997Principal Researcher: M. Suzuki, 1997--2000, 80 professors2000, 80 professors

 United Nations University, Institute of Advanced Studies:United Nations University, Institute of Advanced Studies:
–– Zero Emission Research InitiativeZero Emission Research Initiative

•• Founder: Gunter Pauli, 1994Founder: Gunter Pauli, 1994--1996, UNU/IAS 19971996, UNU/IAS 1997--

–– Zero Emission Forum (2000Zero Emission Forum (2000--))
•• Industry, Government, Academic NetworksIndustry, Government, Academic Networks

 Japan Society for Promotion of Sciences, UniversityJapan Society for Promotion of Sciences, University--Industry Research Industry Research 
Cooperation Cooperation 
–– Committee on ZeroCommittee on Zero--Emission SystemsEmission Systems

•• Chairman: M. Suzuki, 1997Chairman: M. Suzuki, 1997--, Five years, 25 companies + academia, Five years, 25 companies + academia
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Ministry of Education: Priority Area Research:Ministry of Education: Priority Area Research:
Formulation of Material Cycles Oriented to Zero Emission SystemFormulation of Material Cycles Oriented to Zero Emission System

Objectives of Three Research GroupsObjectives of Three Research Groups
 A-01：Process Zero Emission: Analysis of material balances and emission 

minimization in existent production processes
– 1) Input-output database on various production processes
– 2) Analysis of material flows including receiving processes

 A-02：Zero Emission Network: Formulation of industrial networks among 
different industrial categories
– 1) Analysis of inter-industrial material flows and formulation of industrial 

networks
– 2) Key technology development for process/industry linkage

 A-03：Local Zero Emission: Formulation of mathematical models for 
describing material cycles in model regions and assessment of possible 
zero emission networks
– 1) Analysis of local material flows including domestic activities
– 2) Formulation of mathematical model to describe material flows and evaluation 

of effect of zero emission network formation

 AA--0101：：Process Zero EmissionProcess Zero Emission: Analysis of material balances and emission : Analysis of material balances and emission 
minimization in existent production processesminimization in existent production processes
–– 1) Input1) Input--output database on various production processesoutput database on various production processes
–– 2) Analysis of material flows including receiving processes2) Analysis of material flows including receiving processes

 AA--0202：：Zero Emission NetworkZero Emission Network: Formulation of industrial networks among : Formulation of industrial networks among 
different industrial categoriesdifferent industrial categories
–– 1) Analysis of inter1) Analysis of inter--industrial material flows and formulation of industrial industrial material flows and formulation of industrial 

networksnetworks
–– 2) Key technology development for process/industry linkage2) Key technology development for process/industry linkage

 AA--0303：：Local Zero EmissionLocal Zero Emission: Formulation of mathematical models for : Formulation of mathematical models for 
describing material cycles in model regions and assessment of podescribing material cycles in model regions and assessment of possible ssible 
zero emission networkszero emission networks
–– 1) Analysis of local material flows including domestic activitie1) Analysis of local material flows including domestic activitiess
–– 2) Formulation of mathematical model to describe material flows 2) Formulation of mathematical model to describe material flows and evaluation and evaluation 

of effect of zero emission network formationof effect of zero emission network formation
 

Ministry of Education: Priority Area Research:Ministry of Education: Priority Area Research:
Formulation of Material Cycles Oriented to Zero Emission Formulation of Material Cycles Oriented to Zero Emission 

Examples of Research ResultsExamples of Research Results
 A01: Process Zero Emission

– (1-1) Analysis of material flows in production processes
– (1-2) Development of key technologies for minimization of emission from 

production processes
 A02: Zero Emission Network

– (2-1) Analysis of input-output database for prod. Processes
– (2-2) Development of a network simulator
– (2-3) Development of conversion technologies for networking of 

industries
 A03: Local Zero Emission

– (3-1) Analysis of regional material flows and modeling 
– (3-2) Proposal of methodologies for regional networking to accomplish 

zero emissions
– (3-3) Material flows in food production and evaluation of closing material 

cycles

 A01: A01: Process Zero EmissionProcess Zero Emission
–– (1(1--1) Analysis of material flows in production processes1) Analysis of material flows in production processes
–– (1(1--2) Development of key technologies for minimization of emission 2) Development of key technologies for minimization of emission from from 

production processesproduction processes
 A02: A02: Zero Emission NetworkZero Emission Network

–– (2(2--1) Analysis of input1) Analysis of input--output database for prod. Processesoutput database for prod. Processes
–– (2(2--2) Development of a network simulator2) Development of a network simulator
–– (2(2--3) Development of conversion technologies for networking of 3) Development of conversion technologies for networking of 

industriesindustries
 A03: A03: Local Zero EmissionLocal Zero Emission

–– (3(3--1) Analysis of regional material flows and modeling 1) Analysis of regional material flows and modeling 
–– (3(3--2) Proposal of methodologies for regional networking to accompli2) Proposal of methodologies for regional networking to accomplish sh 

zero emissionszero emissions
–– (3(3--3) Material flows in food production and evaluation of closing m3) Material flows in food production and evaluation of closing material aterial 

cyclescycles
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Zero Emission Material CyclesZero Emission Material CyclesZero Emission Material Cycles
 Intake of natural resources: 

– within the renewable limit
 Final emission to environment: 

– within the assimilable limit
 Total material cycle in the anthropogenic sphere

should be clarified as a holistic system
– Maximization of residence times of 

materials/resources in the anthropogenic sphere, 
consumption patterns, rental systems

 Optimization not as a single process but as an 
integrated network system of processes
– Industrial Ecology, database for compete material 

flows, networking simulator, assessment 
methodology

 Intake of natural resources: Intake of natural resources: 
–– within the within the renewable limitrenewable limit

 Final emission to environment: Final emission to environment: 
–– within the within the assimilableassimilable limitlimit

 Total material cycle in the anthropogenic sphereTotal material cycle in the anthropogenic sphere
should be clarified as should be clarified as a holistic systema holistic system
–– Maximization of Maximization of residence timesresidence times of of 

materials/resources in the anthropogenic sphere, materials/resources in the anthropogenic sphere, 
consumption patterns, consumption patterns, rental systemsrental systems

 Optimization not as a single process but as Optimization not as a single process but as an an 
integrated network systemintegrated network system of processesof processes
–– Industrial Ecology, database for compete material Industrial Ecology, database for compete material 

flows, networking simulator, assessment flows, networking simulator, assessment 
methodologymethodology

 

In Place of Conclusion
--Realization of Zero Emission Society

In Place of ConclusionIn Place of Conclusion
----Realization of Zero Emission SocietyRealization of Zero Emission Society
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Abstract 
 
To reduce pollution load into environment, entire human activities in a regional scale, such as industrial 
production, social systems and our daily life should be evaluated based upon the material and energy 
flows. Approaches to minimize the emission are categorized into three groups. First is to minimize the 
materials consumption in industry not been converted into products by refining each unit process of the 
plant. Alternative process on different principles may be required to eliminate or change the characteris-
tics of emissions. Second is to recycle or reuse the unused materials of a process among factories and 
industries by cascade-connection of the process and by the industrial clustering. Third is to establish 
appropriate materials flow systems in a regional scale. First step to actualize the emission minimization 
is to analyze the material and energy flows in the production process and in the regional area. In this 
paper we propose a methodology to clarify the materials flow in a regional area by using statistic data 
such as I/O table and that to construct a material flow networking in the area including industries. Dis-
charge of waste materials from industries in a regional area has been estimated using the methodology.  
 
 

Concept and Methodology to Minimize Emissions from Industry and in Regional Area 
 

Figure 1 shows the step by step procedures to actualize industrial and regional zero emission. Well, it 
should be noted that it is impossible to actualize a real zero-emission. The term "zero-emission" reveals 
the transaction and countermeasures toward emission minimization in a focused production process or 
in a regional area.  
What we have to do first is to analyze the materials and energy flows in industrial process and in a re-
gional area. The information obtained by those investigations should be transferred to whom it may 
concern in zero-emission by constructing database. Appropriate scenario toward zero emission should 
be prepared and presented to the concerned people together with the expected effect of the counter-
measure proposed in the scenario. This will be followed by a relating legislation or provision of eco-
nomical incentives, which will promote the actualization of countermeasures in the scenario. Database 
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on emissions from industries and our daily life based on the materials flow will be of use to understand 
the present conditions and thus the problems in emissions into environment, and the consumptions of 
resources and energy. Based upon the information on emissions and the associated problems and that on 
technologies those will be applied for reduction, treatment and disposal of emissions. Prediction of 
emission from the industries and the daily life after the countermeasure is taken by introducing new and 
alternative concept and technologies. New life style, production process, social system and so on should 
be clearly shown to the people concerned. Additional legislation may be required to establish new social 
system. Economical incentives may also be required to accelerate the incorporation of new technologies 
and process into the industries. Energy and material synergetic process, cascade use of materials, proc-
ess networking and thus industrial clustering are required in industries for complete use of resources and 
thus for emission minimization. 
 

Regional ZE countermeasure 
with life style and social system

Data Analyses and Database Construction for Open Information

Evaluation of Zero-emission Countermeasures

Social Agreement

Process ZE countermeasure with 
process and technology investigation

Incentives for technologies introduction 

Proposal of ZE Industry networking

Analysis of Current Conditions

Material flow and municipal 
wastes discharge in region

Analyses of material & energy flows, 
and estimation of wastes in process 

Promotion of Zero-emission

Legislation of new law & regulation

Proposal of regional ZE scenario

Regional Area Industry

Regional ZE countermeasure 
with life style and social system

Data Analyses and Database Construction for Open Information
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Social Agreement

Process ZE countermeasure with 
process and technology investigation
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Proposal of ZE Industry networking

Analysis of Current Conditions

Material flow and municipal 
wastes discharge in region

Analyses of material & energy flows, 
and estimation of wastes in process 

Promotion of Zero-emission

Legislation of new law & regulation

Proposal of regional ZE scenario

Regional Area Industry

 
Fig.1 Method to establish zero-emission in industry and regional scale 

 

Analysis of Material Flow in Regional Area toward Zero-Emission 

 
Regional zero-emission requires not only emission reduction in industrial process but also minimization 
of the emission from the regional area. Material flows, such as products and raw materials, and those in 
processing, consumption, disposal and recycle are required to investigate to give appropriate informa-
tion to establish countermeasures for emission minimization. More over materials exchange across the 
border of the focused regional area are required as well. Materials flow is categorized into three such as 
valuable (products and raw materials), wasted and renewed. There are no explicit statistics data can be 
used for the analysis of material flow in a regional area. Therefore the materials flow in regional area 
must be analyzed using input-output table (I-O table), which shows the cash flow among industries, and 
the Investigation Report of Industrial Wastes by local government published every five years (Industrial 
Wastes Report, hereafter). The Industrial Wastes Report includes the discharge, treatment and disposal 
of wastes from industries in each prefecture.  
We proposed a method to analyze regional material flow derived from the statistics as shown in Figure 
2. The I-O table shows inter-relation among all industries in cash flow and makes the all industries clas-
sify into several sectors (coarse classification is 38 groups, the medium is 93 and that of detailed is 186). 
Problems in using I-O table is that every five years investigated results in the table may not reflect the 
on-going industrial activities.  
Onset of the conversion of I-O table into materials flow is to pick-up the relating industries to that fo-
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cused, and the second is to determine the price of materials and products being traded in the market 
among those industries. The weighed-average price of the products and materials can be determined 
from the observation of relating market. Repeating this step clarifies the material flow around the fo-
cused sector/industry. It can be supposed that the amount of difference between input and output after 
subtracting the energy consumption, which is discharged as carbon dioxide into environment, is due to 
the wasted materials not being converted to products. 
 

Pick-up relating industries
around a target industry

Determine price per unit
weight of target product

industry and extracted ones

Convert cash flow into
material flow

Averaged products price

Weighted mean price of
target products

Investigate products, sales price 
and gross production

Material Flow Table

I-O Table

1.Renewable material which is difference
between input and output compares
with investigation of industrial waste.

2.Repeating the conversion and above 1
operation make difference between
calculated waste amount and
investigated one minimize

Calculation of unit price of target product

 
Fig.2 Procedure to convert I-O table to material flow table 

 
Material flow around steel industries in Aichi prefecture was illustratively calculated and shown in Fig.2 
using I-O table of Aichi prefecture. Import from other prefectures is 37 % of total input to the steel in-
dustries, while the output is about 52% of the total production. Main input is iron ore, scrap iron, lime-
stone and so on.  
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Fig.3 Material balance of steel industries in Aichi prefecture 
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Profile of Materials Flow in Regional Area 
 
Table 1 shows the discharge of waste materials, their disposal, intermediate treatment for volume reduc-
tion and/or reclamation. Five million tons of waste materials is discharged form industries in Aichi pre-
fecture, and as much as 4.5 million tons of discharged materials are recycled with or without intermedi-
ate treatment. This high recycle rate in this prefecture is due to the complete reuse of blast furnace slag 
as aggregate for constructions of road and fabrics. Final disposal is as little as about 0.6 million tons. 
Note that the amount of industrial wastes discharge reported by the Industrial Wastes Report was 5.1 
million tones, while that estimated by the proposed method in the above was 4.25 million tons. The 
amount of industrial wastes discharge can be estimated by the proposed method. 
 

Table 1 Waste materials flow of steel industry in Aichi prefecture.  
����Unit����10,000 t/y���� 

Final disposal�     48.5 
Volume reduction� � 11.8 
Others� � �        0.2 

Wastes�
160.3 

Reclamation 99.8 

Total discharge 
in industry 
510.8 

Valuable materials to be recycled 350.5 
Recycle  450.3 

 
Figure 4 shows profile of material flow in Aichi prefecture estimated from the investigation report on 
industrial waste. Total amount of industrial wastes discharged in Aichi prefecture is as much as 
17million tons per year. Where 57 % of the wastes are discharged from manufacturing and construction 
industries and livestock farm. Industrial wastes from manufacturing industries and the livestock farm 
takes large part of the total amount compared to other prefectures. Final disposal of the wastes, which is 
3 million tones per year, is 9% of the total wastes discharge. The livestock wastes may be converted to 
compost for agricultural use. However excess application of N and P into farmyard often brings about 
the serious pollution of groundwater and river. 
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Fig.4 Profile of material flow in Aichi prefecture together with raw and wastes materials 

and products. 



____________________________________________________________________________________________________________________________Fujie & Goto: “Material Flow Analysis” 
 

63 

 
 

Database of Materials and Technologies for Industrial Clustering in Regional Area 
 
In this paper, as a first step to construct material cycle network among industries for regional zero emis-
sion, we proposed a method to estimate the materials flow in the regional area using I/O table and In-
dustrial Wastes Report. Here we also propose a network simulator together with database of wastes 
materials and reclamation technologies. This method will be applied for the networking of industries 
and production processes and cascade connect of production process in series for complete utilization of 
resources and for saving energy by establishing a synergetic process. Figure 5 shows a concept of in-
dustrial and process networking together with database of recycling technologies and discharged mate-
rials in a regional area. Industrial clustering and networking of processes requires database of discharged 
materials, which is available for raw material of other process, and that of applicable technologies for 
reclamation of wastes. Database of raw materials used in each industrial company is required to inter-
link the industries in the focused regional area. Finally, the effect of materials flow networking proposed 
for the focused regional area should be quantitatively evaluated to clarify how the networking is effec-
tive to minimize the emissions. 
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Fig.5 Database for industrial clustering and process networking 
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Fig.6 Procedure to Connect Process and Process based on Contents of Materials 

 
To develop a materials flow network by connecting the industrial processes, database as shown in Fig.5 
is required to look for candidates, which can accept unused wastes materials as one of the raw materials 
of the industry. Information on contents in unused wastes materials is essential to investigate the possi-
bility of materials networking. Procedure illustratively shown in Fig.6 represents a example in which 
information on C/N ratio, other contents such as Ca, Fe, etc. are used to seek an acceptor of the wastes 
materials. Appropriate database of unused materials is very much helpful to establish process - process 
or industry - industry networking. It should be noted that the database on available technologies for re-
sources reclamation or wastes regeneration, which is used to convert wastes materials to value added 
raw materials to be utilized in the other production industry. 
 

Zero-Emission Scenarios and Implementation - as a Conclusive Summary   
 
Observed and collected data can be utilized to establish a process to process networking based upon information 
of contents of wastes materials, while statistic data of materials flow determined from I/O table can be used to 
clarify the potential of trans-industry networking. By merging these results, a hypothetical material flow network 
can be designed. It is needless to say that individual activity for emission minimization in each production industry 
is essential as shown in the top of Fig.6. Effect of transactions including material flow networking, individual ef-
forts and so on should be quantitatively evaluated to clarify how effectively emissions in the focused area will be 
reduced. Total quality management, scheduling of materials supply, construction of database, etc. are required to 
operate such material flow network. Economical incentives and juristic system are necessary after the public con-
sensus for the implementation of zero-emission scenario.  
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Fig.6 Procedure to develop zero-emission scenario and implementation. 
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Zero Emission Initiative in Japan towards 
Sustainable Growth 

 

Toyoharu MORITA 
Ebara Research Co., Ltd., Fujisawa 

 

 
 
 
 
 

Introduction 
Zero-Emission, a concept which aims to approach the ideal of zero environmental stress by suppressing 
resource consumption and minimizing waste of the whole society with circulation chains between in-
dustries, as well as utmost effort in each industry, provides us a suggestive viewpoint for such discus-
sion.  It is now progressing into realization stage in actual industries and societies, beyond a mere 
symbolic concept.5 
 

Legal Aspects of Environmental Issues 

 
At present, great expectation is held regarding waste related issue, and these expectations are changing 
the social structure. 
The Target now is to create a society that gives priority to less waste generation, less resource consump-
tion, and less adverse environmental impact. To cope with the change, the law for the promotion of a 
closed loop society and several laws to promote recycling have been recently established. With the 
concerted efforts of relevant people, the enactment of these law have produced favorable result, such as 
ceased growth of the waste generation, amount, better recycling rates and reduced final disposal amount.  
The packaging waste recycling law stipulates the producers’ responsibility, which is further extended by 
the home appliances recycling law along with the recycling route.  Things are definitely improving. 
 

                                                             
5 Appendix 1 was presented at Zero Emission Conference at Rome, Italy, September 1999. Now Current situation is almost 
same with this paper, so please refer to attached paper. 
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Environmental Business 

 
In Japan, the environmental business is expected to grow further in the 21st century.  An official esti-
mation by the Japanese government (MITI) shows that the domestic market size will be 35 trillion-yen 
in 2010, more than double of 1994.  A considerable portion of the market expansion is thought to be 
achieved with development of Zero Emission technologies.  To solve environmental problems, growth 
of environmental industries is vitally needed.  To achieve growth of environmental industries, legisla-
tion of law, to strengthen of regulation figures, enforcement to follow the regulation, government in-
vestment, various incentive including tax system are necessary items.  Based on Packaging Waste 
Recycling Law and Household Appliance Recycling Law, the market for recycling these items is 
emerging.  But these businesses are just started, now we could not evaluate these businesses successful 
or not.  It will take a time move, so hopefully be successful and profitable. 
 

Example of Zero-Emission System 

E.U.P PROCESS 

 
One typical system is chemical recycling system which synthesize chemical compound from waste. 
E.U.P Process makes circulation use of resources by conversion of waste from municipality to re-
sources for another industry.  It is to be based on formation of industrial clusters by optimum combina-
tion of industrial sectors, minimizing resources, as well as enjoying economic advantage. They utilize 
unused waste as resources.  The system converts waste to raw gas for chemical industry through a 
gasification process performed under reductive condition in a primary low-temperature gasification 
furnace, followed by a secondary high-Temperature furnace.  The raw gas can be easily processed to 
useful chemical composed such as hydrogen and carbon oxide. 
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T.P.R Plant 

 
Based on Package Recycling Raw, Ebara established Tokyo Pet Bottle Recycling Company.  This 
company is collecting waste pet bottle, and convent waste pet bottle to flake.  The flake is sold to 
chemical company and Textile Company. 
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Environmental Biotechnology – the Challenge of 
Biomimetics – A Vision – 

Walter Trösch 
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Physicochemical Conversions of Biomass 
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University of Tokyo, Institute of Industrial Science, Tokyo    
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Framework of the investigation - goals and methods 

In February 2000 a research project has been completed at the Centre for Environmental Education at 
the University of Essen that was orientated to the idea of sustainability in teacher training courses at 
universities. The area of teacher training is significant as, having the future activities in school in mind, 
students should be encouraged to investigate the field of sustainable development already during their 
studies. It is only by training activities that incorporate the contents and methods of Agenda 21 that key 
qualifications necessary for future changes can be conveyed. The enquiry was financially supported by 
the North Rhine-Westphalia Ministry of Schools, Education, Science and Research.6 

The empirical investigation had a structural stock-taking character. The collection of data was confined 
to lectures, both research areas and the efforts of individual universities to implement an environmental 
management system (for example, initiating and actualising an ‘eco-audit’) had been excluded from 
investigation. Particular emphasis was given to teacher training courses which more or less could be 
subsumed under the theme of Agenda 21. The aim was to find out if there are some university courses 
which are already comparatively concerned with themes related to sustainability, and if so, whether they 
have already been able to create a distinctive profile. The survey should also indicate the factors that 
either promote or impede the implementation and dissemination of an education for a sustainable de-
velopment in teacher training courses. 

The research region was the state of Northrhine-Westphalia (Figure 1). This state, with almost 18 mil-
lion inhabitants, is the most densely populated in Germany. In Northrhine-Westphalia, there are 13 uni-
versities providing teacher training in various subjects. 

                                                             
6 The results of the research project including positive examples of „good practice“ implemented by individual 

lecturers on their way to achieve a training for a sustainable development will be published in Germ an 
language at the beginning of the year 2001. 
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Figure 1: Location of universities providing teacher training in North-Rhine-Westphalia/Germany 
 

The study was based on two data collections: In a first step, based on the winter semester 1998/99 lec-
tures timetables both lectures that stated ‘sustainability’ in the title and where the relevance to Agenda 
21 was apparent were included. In cases of doubt the commentaries on these lectures issued to students 
were used. Furthermore, lectures that taught key qualifications relevant to sustainability were included 
as well. This group includes topics as orientation towards systems and problem solving, communication 
and values and participation as well as innovative forms of teaching and learning (see 
Bund-Länder-Kommission für Bildungsplanung und Forschungsförderung, 1998, p 27). 

In a second step, a group of selected university teachers were interviewed on the themes of special 
courses, the form of learning, the organisational/institutional framework, and on the factors that promote 
or hinder the implementation of an education for sustainability in teacher training courses at universities. 
The university teachers were also requested to comment on the degree of support they got by their de-
partments and/or university and political organisations. 
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Investigation Results 

Some of the main results of the reserach project can be summarized as follows: 

1. In all the universities considered lectures relevant to the survey could be detected. However, at 
the same time, the contributions of individual subjects or subject areas differ widely: There is 
marked activity in some social and scientific subject areas. Geography is of special significance 
here, but also social and political sciences deal comparatively intensively with Agenda 21. In 
some faculties of geography, the value placed on sustainability was graded as „enormously high“; 
as a result of this grading, several teachers participate in the debate of Agenda 21 and offer 
theme-orientated lectures. Without any doubt, geography is one of the subjects where one can 
detect an initial implementation on sustainability themes. 

In several other subjects also, tendencies towards Agenda related activities are discernible. 
Among others, biology, educational sciences, economics, and psychology. However, in com-
parison with the subjects previous mentioned, these have less outstanding internal cooperation 
and the number of university teachers engaged in each institute with agenda-relevant aspects, is 
fewer. 

Considerable deficits are revealed in the following subjects or subject areas: languages, the fine 
arts, music, mathematics, information technology, sports, philosophy, history and chemistry, as 
well as some professional groupings, for example printing and design technology or production 
technology. 

2. The expert interviews as well as the commentaries on many lectures reveal that some 
teacher-training courses only pick out one special aspect of sustainability as a central theme. As 
far as the educational sciences it is often the social dimension as for example questions of an in-
tercultural education; in biology, ecology themes are dealt with. With regard to technologically 
orientated subjects, the subject contents can often be identified as a reaction to ecological prob-
lems and attitudes. An example are environmental technologies designed to minimise certain 
harmful elements in the atmosphere. In total, a remarkable amount of the courses offered do not 
come up to the demands of an integrative thinking of ecological, economic and social aspects of 
Agenda 21. The contributions considered, rather map out approximately the range of the links - 
seen from the aspect of content - for a training for sustainable development and, simultaneously, 
sketch the field or the patchwork that future efforts could work into. 

3. The interviews with selected university lecturers indicate clearly that, in many cases, the discus-
sion and integration of Agenda 21 related themes depend on individual convictions. Thereby, the 
individual interest and engagement of the responsible teacher is shown to be a dominant factor in 
the organisation of the corresponding courses offered. Such personalities were described by the 
university lecturers questioned as „pioneers“ or „loners“. 

The interest and the efforts of individuals often develop into a considerable burden for those con-
cerned. This is revealed, for example, in inadequate, or completely absent support from the insti-
tution concerned (e. g. university administration) as also from specialist colleagues, in the realisa-
tion of events. Thus, many of the university lecturers interviewed expressed a wish for more rec-
ognition within their own departments and within the university in general. 
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4. In the discourse on the development of sustainability, intersubject relationships were revealed as a 
decisive and essential key requirement. An example is the German environmental report of 1994 
by the Council of Environmental Experts (Der Rat von Sachverständigen für Umweltfragen, 
1994), where the network principle was emphasised as the central principle of innovative educa-
tional processes. 

In the present data, there is only a small number of interdisciplinary oriented lectures. During the 
research period only two lectures with contributions by seven (!) subjects, two lectures with con-
tributions by three subjects, and seven lectures with two subjects contributing could be detected. 
When, at the same time, one of the persons taking part in the conversation remarks that „interdis-
ciplinary cooperation is the most interesting thing (offered) at university level“, the result un-
doubtedly demonstrates that interdisciplinary techniques are not taught in an sufficient way. Thus, 
it is clear that the concept of interdisciplinary cooperation and participation, not only in the con-
text of sustainable development, but also from the perspective of general trends and expectations 
(see, among other sources, the Wissenschafts- and Technikdelphi des Fraunhofer Instituts für 
Systemtechnik und Innovationsforschung, 1998) will not work out. 

The university lecturers interviewed gave various explanations in cases that interdisciplinary co-
operation was either insufficiently developed or missing completely. As far as formalistic terms 
are concerned there is difficulty with the evaluation of seminar assignments. Moreover, political 
tendencies to shorten the total time of university studies may cause a reduction of the volume of 
matter to be studied. Finally, interdisciplinary courses can make it more difficult to calculate the 
appropriate teaching times of the lecturers as they have to be proved against the university ad-
ministrations. 

Further hindrances to inter-subject and interdisciplinary cooperation are to be found on the sub-
ject level. One example is the statement of one university lecturer that a pre-requirement for in-
terdisciplinary cooperation is „the readiness to accept certain things in a somewhat more superfi-
cial way“. Another person describes this with these words: „The price of interdisciplinary coop-
eration is scientific precision“. Such statements imply that in interdisciplinary cooperation, what 
is of importance is not scholarly thoroughness, but the knowledge of connecting areas. This, 
however, is, as always, in massive conflict with the interest of every department to „give (stu-
dents) a solid basis of knowledge“. 

Further hindrances to inter-subject and inter-disciplinary cooperation are to be found on the level 
of attitudes. Here, many of those interviewed plainly said that there is little general readiness to 
accept other worlds of thought and the ideas of other subject areas. This is true of both lecturers 
and students alike. Scepticism and fear of contact were also given as reasons for the lack of inter-
disciplinary exchange. The necessity for the development of a new understanding of language 
was repeatedly mentioned. One university lecturer said that colleagues of different sub-
jects/disciplines „speak completely different languages“ and that they „are normally not aware of 
this“. Thus it is necessary first of all to find a new common language in order then to work out a 
theme in an interdisciplinary way. For another person questioned, the problem of the lack of co-
operation lies with the fact that „... we have absolutely no tradition of university cooperation. We 
are strongly differentiated, even within our own subjects“. 

And what is more is that university teachers are not adequately qualified. On the one hand, a 
number of interviews made it obvious that particularly long-used teaching habits can only be 
changed and modified slowly, step by step. The readiness to experiment with new methods and 



___________________________________________________________________________________________________________________________________________________ Henze: “Teacher Training” 
 

129 

thus to risk losing one’s footing is not a matter of course for scholars. In general, it may be stated 
that the retention of traditional teaching methods corresponds to a lack of readiness to accept in-
terdisciplinary cooperation and participation. On the other hand, the regular modes of a success-
ful career are to impede participatory and interdisciplinary methods of working; for example, 
dissertations are written individually. 

Conclusions 

The facts presented clearly show that at some Northrhine-Westphalian universities there are interesting 
courses and engaged lecturers that remarkably contribute to the implementation and dissemination of 
sustainable development perspectives in teacher training courses. At the same time, there is a clear need 
to expand and complete syllabuses, methods and teaching staff. But the interviews with experts at many 
institutes indicated that relevant efforts and processes are, at least partly, being impeded. 

As an indispensable starting point for training processes in the context of sustainable development, on 
the one hand, there are efforts to simplify and unify the acknowledgement of relevant courses. This is 
the only way to ensure that interdisciplinary cooperation and an inter-subject and inter-departmental 
form of studies is rated more positively. On the other hand, it seems to be necessary to make sustainabil-
ity themes compulsory in examinations. However, this ensues the reduction of other compulsory topics 
in order to use the time at disposal for interdisciplinary forms of work. In general, the aim should be to 
include the environment and its development as an interdisciplinary area in the syllabus of those sub-
jects which are closely related to the debate on sustainability. These are not exclusively subjects with an 
affinity to nature or technology, but also subjects with a cultural, social, polical and economics direction. 

Many of the interviewed considered that „a gentle nudge ... would do no damage“. The phrase „exer-
cise of authority“ was also used in a metaphorical sense. Corresponding remarks indicate unmistakably 
that the Agenda theme should be declared as compulsory to teacher training by the Ministry and Uni-
versity Administrations. Innovative processes and changes can not be expected only to be grassrooted. 

Among other factors, this calls for a purposeful encouragement of the new generation of scholars. The 
problem of the actual, often intense, but nevertheless isolated engagement of many individuals was 
aptly described by one of the university lecturers interviewed: „When these people retire, the whole 
matter dies. There is nobody to take their places“. So measures must be taken to provide professional 
horizons for young people - horizons which to date have been lacking. One area where this can profita-
bly be done is new appointments: here the job description must clearly consider sustainable develop-
ment. 

The efforts of single working groups and /or subject groups must, in addition, receive financial support. 
This can be used as motivation if it is used in the form of purposeful development programmes. Com-
pulsory participation and interdisciplinary cooperation should here always be a central criterion for 
evaluation and grants, but it also demands a new, radically changed concept of university organisation to 
include terms like „network“, „cooperation“ and „independent and self-directing groups“. The present 
study strongly indicates that a lack of interdisciplinary cooperation is a hindrance to a speedy and opti-
mal treatment of the theme of sustainability in university studies. To this degree it is indispensable that 
measures be taken to loosen up inflexible structures and well-worn teaching methods and to demand 
that efforts be made towards training in modern, innovative forms of teaching and learning. This is all 
the more important in that current specialist-orientated - and not problem-orientated - forms of today’s 
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university education widely, if not systematically, impede the acquisition of competent professionals to 
research and work out questions related to sustainability. 
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EIA for Sustainability 

 

The Japanese EIA Act of 1997, which provides new EIA system, was enacted from June 1999.  We 
can observe improvements of the EIA system by the Act, e.g. introducing screening and scoping proc-
esses.  The comments are invited from everybody who has concerns to the environment.  But citizen 
participation system provided by the law is still not enough. 

As EIA process starts at the stage of the project plan is not too solid, we could take a strategic approach.  
It is required to write the results of comparison of alternatives in Draft Environmental Impact Statement 
to show the efforts of the proponent to mitigate the impacts.  This is the major part of the accountabil-
ity of environmental awareness. It means that the scope of possible alternatives to the proposed project 
should be examined in the scoping process. 

 

Planning Process and SEA 

 

Human activities should be controlled for sustainable development.  But even if we were successful in 
dealing with each project to make it environmentally sound, there is a limitation.  It is impossible to 
mitigate the cumulative impacts by various projects done in a certain area.  This is a shortcoming of 
Project EIA. 

Japanese planning system has an essential problem for sustainable development.  Environmental im-
pact assessment (EIA) process starts after the planning process.  We should change our planning proc-
ess by involving the EIA  process inside. We must change the EIA system to start it at earlier stages of 
planning process.  This is Strategic Environmental Assessment (SEA). 

SEA is applied to the earlier decision making of strategic levels to get rid of shortcomings of Project 
EIA.  It can be applied to a wide range of decision making from legislative process to city and regional 
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planning.  But the aim is clear.  The proponents of a big project, both public and/or private, have to 
explain the rational for sustainable development.  SEA is a way to reach this goal.  It requires infor-
mation disclosure and public involvement. 

Though the Japanese society is not familiar with an open planning system, the EIA Act provides an 
opportunity of making our planning system more open.  Introducing the scoping process has a very 
important meaning.  EIA process should start in a planning process which is different from the old 
EIA system in Japan.  The old system started at the point when the planning process was almost fin-
ished.  It, therefore, was impossible to compare alternatives. 

 

Towards SEA 

 

It is common that most cases of EIA are those on Projects not only in Japan but also in American and 
European countries.  But recently, some examples of SEA are emerging in those countries.  For in-
stances, some of EU countries started their EA systems on policies, plans and programs.  The most 
important topic is the proposal of EC Directive of SEA in December 1996.  It was modified in Febru-
ary 1999.  The proposal was sent to the EU Parliament in 2000. 

The decision-making process towards a project has a three layers system of policy, plan or program, and 
project in general.  SEA is a common word utilized the environmental assessment applied to the 
up-stream decision making stages of the project.  The Japanese system has almost same structure as 
this.  But decision making process of the previous stage has been very opaque in Japan.  Same kind 
of things happens in other countries.  Though, NEPA system had SEA system from the start, the ex-
perience of NEPA shows the most of EIAs were project EIA. 

The evaluation perspective of SEA should be wide enough to include not only natural environmental 
aspects but also social and economic aspects.  It is essential for conducting SEA. 

 

Scoping Process as the First Step 

 

I show a recent example.  This is a case of the 2005 World Exposition Project in Aichi Prefecture, 
which is called “Aichi Banpaku”.  As the main theme of the exposition is “Beyond Development: 
Wisdom of the Nature”, EIA was required by the Cabinet agreement in 1995 though the project was 
not necessary to apply EIA.  The framework of the EIA Act was applied prior to its implementation. 

The scoping process was started from April 1998 and it was finished in February 1999 when the D-EIS 
was published.  The proponent did not show a wide scope of the alternatives.  It compared only two 
alternatives whose difference was very trivial.  The alternatives should include those with different 
views or different degrees of environmental protection.  This reluctant attitude shown in the scoping 
process caused a big delay of the implementation of the project.  Scoping process should be consid-
ered the essential part of citizen participation in project decision making for sustainable development.  
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"FEASIBLE INDUSTRIAL ZERO EMISSIONS SYSTEMS 
FOR RESOURCE RECOVERY AND ENERGY 

PRODUCTION"7 

Hiroyuki FUJIMURA 
EBARA Corporation, Japan 

 
 
 
 
 
 
 

Current Situation of Zero Emission Activities in Japan 

 
The Earth Summit, held in 1992 at Rio, prompted many countries to incorporate environmental aspects 
into their industrial strategy as basic national policy, seeking viable industrial and social systems for 
sustainable development. 
Also in Japan, not only the Environment Agency, but also ministries directly related to the industrial 
sector are emphasizing their commitment to environment--oriented policies. For example, a report on 
the perspective of environment- friendly industry, issued by the Ministry of International Trade and In-
dustry in 1994, recognizes the environmental aspects as a vital issue for the whole industry. It describes 
the current situation of environmental protection, future trends and new environmental technologies in 
15 fields ranging from the steel industry to the distribution sector, clearly showing that recycling- ori-
ented industry is essential for Japan’s future. 
Along with this commitment by the government, the private sector has been promoting Zero Emission 
activities, typically seen in the recent increase of a 'zero waste declaration' at factories. Here 1 would like 
to introduce to you a closed system of photocopy machine recycle by Fuji Xerox Co., Ltd. as one ex-
ample. They collect, not only toner cartridges, but also the machines themselves through sales agents 
and dismantle them at their factories. Some parts and assemblies are directly put into manufacturing 
processes for re-use, while others are utilized for material recycling. 
Another example is the “Zero Emission Brewery” by Asahi Breweries, Ltd. They have achieved a 
100% recycling rate in their breweries, including waste malt from brewery processes, packaging mate-
rials and general waste from offices, and have reduced discharge of industrial waste to zero level. Asahi 
has also developed new recycling systems for waste malt, which is the largest waste from breweries in 
volume, other than conventional recycling into livestock feed or compost for farmland. It can be utilized 

                                                             
7 Presented at International Symposium “Towards Zero Emissions, The Challenge for Hydrocarbons”, Rome (Italy) 11-13 
March 1999 
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as a culturing medium for mushroom, or can be converted to granular charcoal that is effective as a soil 
conditioner for farmland. 
These examples have proved that Zero Emission manufacturing systems can contribute to cost reduc-
tion by reducing material consumption or waste management fee, showing the way to harmonize envi-
ronment with economy. That stimulated many private companies to become conscious of environment, 
so that the number of Japanese companies qualified with ISO 14000 certification has reached 1632 as 
of January 1999, which is the largest in the world. 
On the other hand, local governments, which are responsible for core environmental services such as 
sewage treatment or waste treatment, are tackling with a new type of local development that integrates 
local industry and environmental administration by Zero Emission viewpoints. For example, more than 
60 local governments have started feasibility studies in cooperation with private firms, universities, re-
search institutes and NG0s on the 'Eco-Town Projects' sponsored by the Ministry of International Trade 
and Industry Ministry. Some of the projects are now coming to an actual stage, and attracting national 
attention. Joetsu city, located in northern japan, has started the Joetsu Eco-City Plan, which aims to es-
tablish a comprehensive recycling system. It is going to collect waste from the agricultural sector and 
industrial complexes in the city and to utilize it through combination of various processes such as metal 
recovery, composting, conversion to cement material, oil production from plastics and thermal recycling. 
A comprehensive waste and night soil treatment plant, the core facility of the project, is now under con-
struction. 
 
Kita-Kyushu city, one of Japan's major industrial cities, also announced its “Kita-Kyushu Eco Town 
Plan”, which consists of three major policies; promotion of 'inverse manufacturing' industry; develop-
ment of advanced environmental technologies; and information and education services on environ-
mental issues. Recycling of automobiles and electric appliances is now under consideration. 
 
Regarding ISO 14000, local governments show positive attention and some of them, including be-
fore -mentioned Joetsu city, have already obtained certification, while Tokyo Metropolitan government 
is also seeking certification. 
 
Furthermore, the academic sector is aggressively promoting research on Zero Emission technologies. 
Dr. Motoyuki Suzuki, a professor of institute of Industrial Science, University of Tokyo, developed a 
research project titled “Zero Emissions Oriented Material Cycle Processes” sponsored by the 
Grant-in-aid for Scientific Research from Ministry of Education in 1997. The project, performed under 
three themes of Process Zero Emissions, Zero Emissions Network and Regional Zero Emissions, bore 
such fruit as a conversion technology of fish waste to amino acids or proteins through sub-critical water 
reactions. This project has been approved by the 168th Committee of Japan Society for the Promotion 
of Science for further research. 
 
 

Technology Development Towards Zero Emission 

 
As shown in these examples, commitment to realization of recycling- oriented Zero Emission society is 
steadily progressing in Japan, by introduction of advanced environmental- friendly technologies. 
It should be noted that Zero Emission technologies are different from conventional environmental 
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technologies in such point that they should be evaluated from LCA (Life Cycle Assessment) stand-
points. Namely, qualitative and quantitative analysis of total environmental stress on a society brought 
by the introduction of a technology is indispensable for evaluation of the technology. 
 
Here is an example of LCA analysis applied to solid waste treatment systems. This analysis is a system 
comparison between a gasification combustion & ash melting system, an advanced waste treatment 
technology, and a conventional incineration system equipped with a power generator. The gasification 
system converts waste to raw gas for chemical industry through a gasification process performed under 
reductive condition in a primary low-temperature gasification furnace, followed by a combustion proc-
ess in a secondary high-temperature melting furnace. The raw gas can be easily processed to useful 
chemical compounds such as hydrogen or ammonia. Although our intuition cannot give us any sugges-
tion in such a complicated comparison on which system is better, LCA analysis that employs indus-
try-matrix analysis methods can make quantitative comparisons of various environmental parameters. 
The result shows that the gasification and chemical recycling system has lower environmental impacts 
compared with the waste incineration system with a generator, in all terms of emission of greenhouse 
gases, consumption of non-renewable resources and emission of acid rain pollutants. That is to say, the 
gasification system is a highly effective technology for realization of Zero Emission society. Further 
analysis is currently under way in a case that a fuel cell system is applied for power generation, instead 
of ordinary boiler-turbine systems. It is expected that fuel cell systems can reduce environmental im-
pacts because they produce electric power through chemical reaction by hydrogen and oxygen, without 
high temperature combustion accompanied with NOx pollutants. Application of biomass resources as 
hydrogen donors to fuel cells is also an interesting theme for researchers. 
 
As shown in these examples, it is an outstanding advantage of LCA analysis that it can compare and 
evaluate different kinds of technology in quantitative and objective way. It is important to apply LCA 
viewpoints not only to technological fields but also to analysis on social or economic systems. 
 
 

Tasks to Be Tackled for Zero Emission Promotion 

 
As 1 introduced to you here, the public and private sectors in Japan are increasingly devoted to Zero 
Emission initiative. However, we still have many tasks and issues to be tackled for realization of actual 
Zero Emission society. 
 
First of all, further technology development is necessary. In the energy field, technologies for utilization 
of renewable and alternative energy such as natural energy or biomass energy should be developed, 
while energy and resource-saving technology, especially cascading use of energy or recycling use of 
materials by inverse manufacturing systems, is also important. 
 
The second issue is formation of industrial clusters by optimum combination of industrial sectors. As 
typically shown in the before -mentioned case of the gasification system, it is essential to create indus-
trial clusters which make circulation use of resources by conversion of waste from an industry to re-
sources for another industry, because it is impossible to achieve Zero Emission within one industry 
completely. In the case of the gasification system, actual industrial cooperation for chemical recycling 
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from waste is already progressing in Japan between Ebara corporation, an environmental engineering 
firm, and Ube Industries, Ltd., a chemical giant. 
Also in China, an actual cluster is being organized between electric power industry, fertilizer distributors 
and the agricultural sector, by introduction of a conversion technology that produces chemical fertilizer 
from exhaust gas from coal-fired thermal power stations. 
 
Third, it is impossible to realize sustainable recycling- oriented society by development of technologies 
alone, and it is essential to create and organize various social frameworks, which support the Zero 
Emission systems. Environmental laws or regulations, including accompanying penalties, should be set 
stricter as a general framework of society, while incentive systems including taxation or subsidies are to 
be arranged to promote competition or technology development within the framework. Changes of life-
style and paradigm among people, and environmental education for such paradigm shifts, are also nec-
essary. These are issues to be solved through comprehensive commitment by all of the public sector, 
private firms and citizens. 
 
Next, it is important that the LCA methods 1 mentioned before should be applied to whole social sys-
tems. It would help us to make effective design, review and evaluation of social systems, which can 
harmonize economy with environment, through full cost accounting of environmental factors. At this 
standpoint, we are currently promoting a research program on an LCA-based evaluation system for so-
cial systems, called Zero Emission System Analysis (ZESA). 
 
Finally, I have to refer to international co-operation. It is clear that it would result in rapid depletion of 
resources and catastrophic destruction of global environment, if developing countries take the same 
courses as developed countries have in the past. Therefore, it is responsibility of developed countries to 
co-operate with developing countries to promote their environmental -friendly economic development 
by transferring technologies or systems for sustainable society, including ones 1 mentioned here. And it 
will accelerate realization of Zero Emission society on the global basis if the developing countries in 
return provide the developed countries with their own technologies and know-how obtained from actual 
experiences. That will achieve international cooperation in a true sense, in which both of developing 
and developed countries provide their wisdom with each other for future of human being. 
 
 

Conclusions 

 
Now it is time to conclude my presentation, which introduced to you actual commitment towards Zero 
Emission in Japan. The commitment in Japan, as well as in other countries, has just started and it is im-
portant to promote further exchange of information and technologies. I sincerely hope that this sympo-
sium provides you chances for such exchange towards realization of Zero Emission. 
 
Thank you very much for your kind attention.
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