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Abstract

The human economic devel opment
may trigger the deterioration of
environmental quality. To prevent the
situation from becoming worse, the
environmental protection and resource
recycling must be conducted thoroughly.
However, the economic growth should
also be deliberated simultaneously. Thus
they influence each other. Therefore, the
optimistic way isto consider the
combination of environmental protection
and economic growth in order to pursue
the sustainable development. This
concept has cultivated the introduction and
application of industrial ecology (IE). It
includes the material flow, energy flow,
and capital flow systems. This study was
focused on the material flows of steel and
iron for Taiwan's stedl industry. Inthe
first part of the study, the IE model
presented by Graedel and Allenby [1] for
the other industries was applied to assess
the circumstance in Taiwan. Also, in the
second part of the present analysis, two
recognized indicators, the per capita of use
(PCU, defined as production/population in
this study) and intensity of use (IU,
defined as production/GDP in the present
analysis) were used to compare the
situation in Taiwan with those in the
U.S.A. and Japan.

Six approaches were postul ated to
describe the |E scenario of the material
flows of steel and iron for the steel

industry in Taiwan with five nodes.
These included : 1) Approaches 3 and 4
concerning the individual stream of the
steel materials uncollected, discarded, or
left in the environment (denoted as Munj)
and change of inventory (denoted as
dimj/dt) for each node j withj =1to5, 2)
Approaches 1 and 5 taking into account
the individual Munj but lumped d X Imj/dt,
and 3) Approaches 2 and 6 with the
consideration of both lumped > Munj
and d X Imj/dt. |E model with the
lumped computations of > Munj and d X
Imj/dt for all nodesin the IE model
reasonably revealed the materia flows of
steel and iron for Taiwan's steel industry.
The average values of the PCUs of

the three noted countries are in order of
Japan > Tawan > U.S. A. However,
Japan showed a dlightly downward trend
in terms of the yearly variation of PCUs,
while Taiwan upward. Theresults
indicate that the demand of steel and iron
in Taiwan have remained higher in
supporting its development in the recent
years. ThelUsof sted and iron for the
steel industries of the U.S.A. and Japan
are lower than that of Taiwan, revealing
the better uses of steel and iron by the
U.S.A. and Japan to contribute to the GDP.
The results of PCUs and IUs also
demonstrate that there still has room to
improve for the better usage of steel and
iron in the steel industry and thus the
quality of the environment in Taiwan.
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2.1 Industrial Ecology

The human utilization of resources and
economic development may be detrimental to
the environmental quality. Efforts must be
made for environmental protection and
resource recycling so as to prevent the situation
from getting worse. However, the economic
growth should also be pursued at the same time.
These aspects thus affect each other.  An
optimistic way is to simultaneously consider
the environmental protection and economic
growth so asto achieve the sustainable
development. Thisthusinducesthe
introduction and application of the industrial
Although the |E has been
developed very swiftly during recent years,
The
reason is that the whole concept is broad, and it
Graedel and Allenby [1]
have indicated that the IE is anotion which
concerns the interaction between the human

ecology (IE).

thereis still no lucid definition on it.

is under construction.

activities and the environment we live in, and

Applied to
manufacturing, |E probes the optimization of

pursues sustai nable devel opment.

the material cycles (from the raw materials to
the final products and the wastes), and the
energy and capital flows. Thus, environment
protection and industry advancement are
connected closely to each other.  Therefore,
both should be deliberated simultaneously.

Also, the IE is analogous to the biological
systems.  In an ecosystem, some species
exploit sun, water, and air to survive, and the
others assimilate the former. Their excrement
may provide the nutrient of another species.
The ecological processformsacycle. Itis
evolved according to the phases, as shown in
Figurel. Fortheinitia lifeforms-Typel
ecology shown in Figure 1a, the resources are
unlimited, relative to the limited life forms.
The existence of species has essentialy no
impact on the available resources. Hence, the
wastes made by one living are not used by the
others. Asthe resources decrease,
accompanied with the increase of species, the
ecosystem hasto step into the next stage, i.e.
Typell ecology (Figure 1b). Typell systemis
much more efficient than Type | system. In
Type Il system, the beings make use of others
wastes. That is, they interact with one another
and become dependent upon each other.
However, Type Il ecosystem still produces fina
wastes, and clearly is not sustainable over the
very long term.  Thisis because the flows are
al in onedirection, that is, the system s
running down. To be ultimately sustainable, a
complete circle has to be achieved, namely,
Type 1l ecology (Figure 1c). At this phase,
the “resources’” and “wastes’ are undefined,
because the wastes from one ecosystem
component are entirely transformed to become
the resources for another. The energy isthe
only driving force to perform the ecosystem of
Typellll.

The schematic model of such an industrial



ecosystem of Typell isshownin Figure2. It
comprises four nodes: 1) the materia's extractor
or grower , 2) the materials processor or
manufacturer, 3) the consumer, and 4) the
waste processor.  For every node, it iscyclic,
and the whole system is cyclic, too. Therefore,
the energy and resources can be used

efficiently.

As people deem that the environmental
protection is crucial, more and more giant
corporations such as AT&T [2], have
accommodated the principle of IE as they
manufacture their products. In addition, some
advanced industry parks like Kalundborg [3]
and Jyvaskyla[4] have designed with the spirit
of IE. Theformer issituated in Denmark, and
isthe most famousone. The industry sectors
develop an environmental-economic “win-win”
strategy by reusing each other’swastes. The
latter islocated in Finland.
co-production of heat and electricity to

It employsa

eliminate the use of fossil fuel, and to reduce
the amount of carbon dioxide, and wastes.
Besides, the IE researches have been widely
conducted in avariety of industrial sectors such
asthe built environment [5], glass[6], metal [7],
paper [8], and wood products [9], and in U.S.A.
[10]
2.2 Indicators

The intensity of use (IU) is a common
indicator cited by scholars to depict the
relationship between the material consumption
It is defined as the
quantity of the production of consuming

and economic growth.

product per gross domestic product (GDP).

The per capita use (PCU, production of
consuming product/population) is another
indicator to reflect the demand of materials by
human activities. To assess the performance
of steel industry, this study employed the
instead of the
production of consuming product in computing
the IlU and PCU. The rationale was that if the

IU or PCU remained unchanged during a

production of crude steel

period of time, the shift of the amount of
material stayed the same as that of GDP or
Listed below are
some factors that trigger the changes of 1U and
PCU.
1. Thetechnica reform that reduces the
guantity of materials used to produce the

population, respectively.

goods or provide the services.

2. The substitution of new substance with
more desirable properties for the older
materials.

3. The changesin the structure of final
demand. The mix of the goods and
services produced and consumed by an
economy or human activities changes
over time due to the shifts among the
sectors, such asthe rise of service sector,
or shifts within the sectors, such as the
increasing dominance of computers and
other high-tech goods within the
manufacturing sector.

4. The saturation of bulk markets for the basic
materials.

5. The government regulations that alter the
materials use [11].
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3.1 Material Flowsof Steel and Iron for

Steel Industry in Taiwan

Figure 3 isamaterial flow model of steel
and iron for Taiwan's steel industry. The
explanation of symbols of Figure 3 and some
dataof 1998 arelisted in Table 1. The present
study stresses the most critical items of steel
and iron for the steel industry in Taiwan to set
up the materia flow. Data sources are
referred to Taiwan Steel and Iron Industries
Association (TSIIA) [12].
3.2 |E of Steel and Iron for Steel Industry

in Taiwan

The whole |E should consist of the material,
energy, and capital flows. This study focuses
on the material flow of steel and iron
employing the IE model of Type Il by Graedel
and Allenby [1].
change was examined to appraise the steel
materials uncollected, discarded, or |eft in the
environment (Munl to Mun5 in Figure 3 and
Table 1) generated by Taiwan's steel industry.
The analysis follows the model of Figure 3

The scenario with inventory

with the consideration of actual situation in
Taiwan. The model consists of five nodes:

1. theraw material and semi-products

manufacturer,

2. thefinished products manufacturer,

3. the consumer goods manufacturer,

4. the consumer products user,

5. the scrap processor.
The explanation of the notation corresponding
to Figure 3 can be referred to Tables 1 and 2.
Regarding the statistic items of steel industry,

one notes that the definitions and items listed
by TSIIA and International Iron and Steel
Institute (11S1) [13] are dlightly different. For
example, 11S] only submits the data of Rin, M1,
M4, M10, Msi, and Msein Table 1, while
TSIIA provides more detailed information.

For the reason of consistency, this study
utilized the datafrom TSIIA in establishing the
|E model.

For the ideal mass balance of steel and
iron, the input and output of every node in
Figure 3 should beidentical. Inredlity, they
arenot equal. Thus, the actual mass balance
is: the change of inventory = input — output —
uncollected, discarded, or left (in the
environment) quantities. During the time of
this study the trade of Taiwan's steel industry
was active, and the import and export had to be
taken into account. The apparent
consumption, a statistic item commonly used,
was equal to the production plus the import
minus the export.

The supplemental description is as follows.
We measured the major flows of steel and iron,
while neglecting the auxiliary flows less than 3
% of the mgjor streamsinto or out from each
nodein Figure3. The boundary wasfor the
steel and iron of Taiwan's stedl industry, not
including the minerals. The home scrap, M3,
included those in the upstream (M31) and in
the midstream (M 32).
scrap processing could be utilized as the raw

The scrap after the

material. The distinguished proportions from
the upstream and midstream were not available.
Therefore, in this study the assumption was



M31=M32=0.5M3.

Iltems M6 and M7 are not easy to be
guantified because the use of consumer goods
isso complex to trace.  Hence, the data of
Mun3 and Mun4 as well as those of other Munj
were not available.

To reflect the fact that inventory usually
existsin any industry, inventory should be
considered inthe IE analysis. Theonly
available data of inventories from TSIIA were
those of iron ore (Im11), ferro-alloy (Im13),
finished steel (Im2), and scrap (Im5).  Thus,
some assumptions had to be made in order for
usto do the assessment. Thisled to various
approaches, listed in Table 3, for assessing the
scenario.  Approach 1 adopted d X Imj/dt
(with dim3/dt = 0 = dim4/dt) to compute the
individual proportion of the steel materials
uncollected, discarded, or |eft in the
environment (Munj with corresponding Sj, ] =
1to5, B3=0)fromeachnodej. The
coefficient 5]
from Node j which was uncollected, discarded,
or left in the environment.  With Approach 2,
this study also adopted d 3 Imj/dt (with dim3/dt
= 0 = dimd/dt) but performed lumped
calculation of the sum of the steel materials
uncollected, discarded, or |eft in the
environment (2 Munj, j = 1to 5) of all nodes,

denoted the fraction of output

which was equivalent to the situation with 5] =
B (=1to5). Approach 3took into the
consideration of the individual dimj/dt and /5]
with available data, assuming dim3/dt =0, 53
=0, and Im4 = 0.6 M5 (dim4/dt O 0).
Approach 4 was the same as Approach 3 except

with Im3 = 0.1M5 (dim3/dt O 0) and Im4 =
0.6M7 = 0.6(M5-dim3/dt) (dim4/dt 0 0, M7 O
M5). Approaches 5 and 6 were the same as
Approaches 1 and 2, respectively, but including
the dim3/dt (O 0) and dim4/dt (O 0) ind X
Imj/dt with the assumptions Im3 = 0.1M5 and
Im4 = fi47 M7 = fi47 (M5-dIm3/dt) (M7 O M5).
Asfor Approaches 5 and 6, they are: for
Approach 5, fi47 = 0.6; for Approach 6, f 47 =
0.1,0.2,0.3,0.4,0.5,0r 0.6. Thedetaled
description of approachesis summarized in
Table 3.
3.21. Approach 1

Approach 1 assumed that the Munj from
each node (j) was (3] timesthe output of Node
j.- That is, Munj of j= 8 jx output of j. The
mass balances are described as follows.
For Node 1, the change of inventory of raw
materials and semi-products in one year for
manufacturer (Im1) denoted as dITTl is:

dITTl:RinJero—(,B 1+1) x M1+
0.5M3) Q)
For Node 2, the change of inventory in one
year of finished products manufacturer (Im2)

denoted as dim2 is:
%=M2—(,@2+1) x (M4+0.5 M3)

@)
For Node 3, the change of inventory in one

year for consumer goods manufacturer (Im3)

denoted asM is:
ot



am3_\is— (83+1) x M6 (3)
at
For Node 4, the change of inventory in one
year of consumer products user (Im4) denoted

dim4 .
S

dt

M4 _\17-(84+1) x M8 @)
at
For Node 5, the change of inventory in one
year of scrap processor (Im5) denoted as
dim5 .
— s
dt
%= M8+ M3—(85+1) x (M9)
=M8+M3—(85+1) x (M10+
Mse—Msi) (5)
Summing the above equations gives the total
change of inventory (dims/dt, Ims=2 Imj with |

=1to05) in one year for Taiwan's steel industry

asfollows.
d'drtns —RiN+M1—M2+M4—M5-+M6
—M7+Mse—Ms

=—(81 x (M1+05M3) — 82
x(M4-+0.5M3)— 83xM6— 3 4xM8
— B5x(M10+Mse—Ms ) (6)

Theterm dims

in Equation (6) is:

dimg/dt=d ¥ Imj/dt, j=1to 5 @)

The total inventory (Ims) should be
obtained by adding the inventories of all
itemslisted by TSIIA every year. The
difference of the total inventories of the
adjacent years then gives the total inventory

change (dims/dt). However, no datawith

regard to the inventories of Nodes 3 (Im3)
and 4 (Im4), and of the crude steel (Im12) of
Node 1 were provided by TSIIA at that time.
Thusin this study we assumed that the
proportion of the inventory of crude steel
(Im12) was about 10 % to that of crude steel
products (M1). Noting that the dim3/dt,
which was not available, may be small, and
thus was assumed to be zero.  Also, the data
concerning the output from the consumer
goods manufacturer (M6) and the input into
the consumer products user (M7) were not
available. In order to perform the
regression of Equation (6) with available
data, We have the presumption that the 53
was scanty compared with 1 and taken to be
zero, and that M7 minus M6 was equivalent
to theimport (Mgi) subtracting the export
Further
assuming Mgi=Mge then gives M7=M6.

(Mge) of consumer goods.

Hence, Equation (6) may be transformed into
Equation (8).
dims
dt
Mse—Msi
=—(B1x (M1+0.5M3)— B 2% (M4
+0.5M3)— B4 xM8— B5x(M10+
Mse—Msi) (8)
All termsin Equation (8) are known
except B1, 52, B4, f5anddimd/dt. If
dim4/dt is taken to be zero due to the lack of
available data, dims/dt becomes dim125/dt
with Im125 = Im11+Im12+Im13+Im2+Im5.
Theratios (5], ]=1,2,4,5) of the steel materials
uncollected, discarded, or left in the

—Rin+M1—-M2+M4—-M5+



environment to the outputs may then be
obtained by the multi-regression of Equation (8)
with data.
3.2.2. Approach 2

Approach 2 lumped al the steel materials
uncollected, discarded, or |€ft in the
environment in the system together to compute
thelir ratio (5 to the total outputs of all Nodes
we studied for Taiwan's steel industry. The
total inputs and outputs of system are the sum
of Rin, Mci, Mfi, Mgi, and Msi, and sum of
Mce, Mfe, Mge, Mse, and Muns (X Munj, j =1
to 5), respectively. TheMunsis/3 times of
the outputs of all nodesin Figure 3, namely,
Muns= Bx (M1+M3+M4+M6+M8+M9).
Because M6 was not available, its value was
thus presumed near M5.  Accordingly, Mun3
might be insignificant related to M6.
Following the assumption, Mgi=Mge, then
gives Equation (9) for the whole system as
follows.

dld%s =input to the system— output from

system = Rin-+ Mci +Mfi +Msi —
Mce—Mfe—Mse— S (M1+M3
+M4+M5+M8+M9) (9)
In Equation (9), all data are at hand except 3,
dim3/dt, and dimd/dt. Again, if dim3/dt and
dimd/dt are taken to be zero asin Approach 1,
yielding dims/dt = dimyos/dt, thenthe S5 may
be obtained by the regression of the equation
with available data.
3.2.3. Approaches3to6
According to the assumptions specified in
Table 3, the applicable equations for

Approaches 3 and 4, 5, and 6 are the same as
Equations (1) to (5), (8), and (9), respectively,
but with some assumptions as indicated below.
For Approach 3

dim3/dt=0=M5—(53+1) x M6

B3=0

Im4 =0.6 M7

M7 =M6=M5
For Approaches 4, 5 and 6

Im3=0.1M5

Im4 = fi,;M7

fi47= 0.6 for Approaches 4 and 5

=0.1,0.2,0.3,0.4, 0.5, or 0.6 for
Approach 6

B83=0

M6 = M5—dIim3/dt

M7 =M6
Further for Approaches 5 and 6, dims/dt =
dimyasss/dt With Imy2345 = My + IM3 +
IM4ass6 = IMyos + IM3 + fi4;M7, and M5 in
Equation (9) should be replaced by M6.

L Lk
4.1 |E of Taiwan's Steel Industry

For Approach 1, the obtained values of
from the regression of Equation (8) with data
were: 51=0.62, 5 2=-0.231, 5 4=-1.68, and
£ 5=3.68. TheR-sguarewas0.72. In
practice, 5 wasusualy kept at alow level.
Although Node 5 represented for processing
the scrap, the large value of 55 was not
expected.

In Approach 2, regression of Equation (9)
with datagave S of 0.27 with R-square of
0.53. If the steel materials (Mun) uncollected,



discarded, or left in the environment were
contributed by the up-streams (M1 and M31) or
the mid-streams (M4, M32, and M6) of steel
industry, the S of 0.27 was serious.

However, the contribution of Mun in Node 4 by
consumers was reasonabl e regarding the
consumer behavior.

Thevauesof S]from Nodes1to5were
0.28, 0.014, 0, 2.5, and 0.01 for Approach 3,
and 0.28, 0.014, 0, 2.43, and 0.01 for Approach
4. The} 1 of 0.28 was acceptable on account
of Node 1 that represented the raw material
processing and upstream manufacturing,
indicating significant Munl1 was generated.
Node 2, on the other hand, was in charge of
shaping the crude steel into desired scales;
therefore, the small value of 5 2 was no doubt.
With these Approaches, attributing to the
scarce statistics, this study introduced some
presumptionsin order to obtain 51, A3 and S
4. With more accurate data, the 5 would
better accord with the fact.

Asfor Approach 5, the obtained 3
values of Nodes 1, 2, 4, and 5 were 2.04, -1.52,
3.1,and 0.5, respectively. Owing to the lack
of statistic data, these results are subject to
further validation .

Thes obtained for Approach 6 with f 47
= 0.6 was 0.27 with R-square of 0.18. This
Approach was analogous to Approach 2 except
It also took
itemsIm3 and Im4 into consideration. The

the difference in the inventory.

amost identical result stemmed from the
difference between the dim;,s/dt and
dimgyz345/dt that was insignificant as compared

toRin + Mci + Mfi + Ms -Mce-Mfe-Msg;
namely, the input outnumbered the output,
yielding S valueof 0.27 compared to that of
0.27 of Approach 2. The R-square for
Approach 6 with f 47 = 0.6 was not satisfactory.
By adjusting the coefficient (f47) of Im4 from
0.6 t0 0.1, the R-square was increased from

0.18 to 0.57, indicating a satisfactory regression.
However, the actual coefficient can only be
obtained by further research.

Two vital factors affecting the results were
the lacking of the sufficient data and imprecise
With the datain Tables 1 and 2
and the assumptions shown in Table 3, only

assumption.

Approaches 2 and 6 display adequate

consequence, both yielding the valuesof S5 of
0.27.
the lumped approaches.

It signalsthat it is suitable to implement

4.2 Intensity of Use and Per Capita Use of
Crude Stedl in Taiwan
From 1984, with the prosperity of
Taiwan’s economy, the production of crude
steel has displayed an increasing trend.
However, the steel industry is also a pollution
intensive and energy consuming industry.
Consequently, the production of crude steel
from the steel industry significantly affects
Figures 4-6 illustrate the
yearly variations of the per capita uses (PCUS)
of crude steel produced in the U.S.A., Japan,
and Taiwan, respectively. The PCU inthe
U.S.A. holds steady for more than a decade,
with relatively low value. The case with
Japan is slightly different, with the PCU value
much higher than that with the U.S.A.

the environment.



Moreover, the PCU in Japan shows adlightly
downward. On the other hand, the PCU in
Taiwan soars at a significantly increasing rate
during the same period.  According to the
above data, the steel industry in Taiwan has
grown swiftly. During the same period, the
stedl industriesin the U.S.A. and Japan
slowed down or even retreated. Since
Taiwan and Japan are export-oriented
countries, the needs of steel production in
supporting their infrastructures and
manufactures for the exports are significant.
This leads to the higher PCUs as compared to
that in U.SAA. Theresultsaso provide
another evidence that the loadings of steel
industries are shifted to the less devel oped
countries.

Asfor the intensities of use (IUs) of the
crude steel produced, the results (Figures 7
and 8) indicated that the devel oped countries
such as U.S.A. and Japan demonstrated
downward trends, with Japan being the most
distinct. The downward trend reflected that
the rate of the production of crude steel did
not increase in parallel to the increase of GDP.
The alter of industry structure and economy
might have been thereason. However, this
decreasing phenomenon did not emerge in
Taiwan. Figure 9 displays that the lU in
Taiwan increased after 1995 and the reverse
movement between the production of crude
steel and GDP did not occur.  Thus, Taiwan
needed to improve its efficient use of steel
and iron in generating high GDP.  The
increase of IU might not be good for the

environment. Nevertheless, the descending
of 1U could be the result of advancing in
Material Science. More appropriate
substitutions may have been found, which
drop the consumption of the original materials.
When some new substitutions are
merchandised, the production of crude steel
may tumble, and the trend of 1U would be
downward. However, it is not appropriate to
assert that the environmental burden reduces
asthelU decreases. The environmental
impact of the substitutes should be considered
in chorus, which requires alife cycle
assessment (LCA).

I ~RHmBEER

In summary, the proposed dynamic model
reasonably depicts the scenario of the IE of
Taiwan’'s stedl industry with the consideration
of inventory change viathe lumped approach of
the steel materials uncollected, discarded, or
left in the environment. The model may be
applied to other industry sectors with some
modification to describe the industrial ecology
of target materials.

The yearly variations of the per capita of
uses (PCUs) of the steel and iron of steel
industries for Japan and U.S.A. show either
decreasing or merely constant. However,
PCU increases in Taiwan indicating the
increasing need of yearly demand in supporting
the development of the country. Asfor the
intensities of use (IUs) of the steel and iron of
stedl industries, U.S.A. and Japan have the
lower 1Us and thus the better usages of steel

10



and iron than Taiwan.
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f1a7 Fraction of M7 contributing to
Im4 for Approaches 4 to 6, with
Im4 = fi47 M7, fi47 = 0.6 for
Approaches 4 and 5, = 0.1, 0.2,
03, 04, 05 or 06 for

Approach 6

GDP Gross domestic product

I Impure material

IE Industrial ecology

Im Inventory

Imj Im of Nodej, j=1to5

Ims YXImj,j=1to5

Im1l Im of iron ore at Node 1

Im12 Im of crude steel a Node 1

Im13 Im of ferro-alloy at Node 1

Im2 Im of finished steel at Node 2

Im3 Im of consumer  goods
manufactured at Node 3

Im4 Im of consumer products for
user at Node 4

IMmdas Im4 for Approach 3

IMA4asse Im4 for Approaches 4 to 6,
= fi47 M7

Im5 Im of scrap at Node 5

Imyos Sum of Im11, Im12, Im13, Im2,
Im5

IM12345 Sum of Im125, Im3, Im4

sl

LCA
M1
M2

M3
M31
M32
M4
M5

M6
M7

M8
M9
M10
Mce
Mci
Mfe
Mfi
Mge
Magi
Mse
Msi
Mun

Munj
Muns
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International Iron and Steel
Institute

Intensity of use,
production/GDP

Index of nodej, j = 1,2,3,4,5for

each node

Life cycle assessment
Production of crude steel
Apparent consumption of crude

steel

Home scrap

Scrap from Node 1, 0.5 M3
Scrap from Node 2, 0.5 M3
Production of finished product
Apparent consumption of

finished product

Production of consumer goods
Apparent consumption of

consumer goods

Scrap from domestic
Production of scrap
Consumption of scrap

Exported crude steel

Imported crude steel

Exported finished steel
Imported finished stedl
Exported consumer steel goods
Imported consumer steel goods
Exported scrap

Imported scrap

Steel materials uncollected,
discarded, or |left in the
environment

Mun at Nodej withj=1to 5
Y>Munj,j=1t05



PCU

Rin

TSIA

B]

Product

Per capita of use,
production/population
Recycled scrap

Iron ore and ferro-alloys into
system; taken as iron ore
imported

Salvaged material

Time

Taiwan Steel and Iron Institute
Association

Virgin material

Waste

Waste from consumer

Waste from extractor

Waste from manufacturer
Waste from waste processor
Fraction of output which
becomes Mun

Fraction of output in Node |

which becomesMunj,j =1to5
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Fig. 1. Resources flowsin ecosystems. (a)
Linear materials flowsin “Type”
ecology. (b) Quasi-cyclic materials
flowsin “Typell” ecology. (c) Cyclic
materials flowsin “Type 11" ecology
[1].

Fig. 2. Type Il model of industrial metabolic
system. Letters refer to the following
mass flows: V, virgin materia; M,

processed material; R, recycled scrap; P,
product; S, salvaged materia; |, impure

material; and W, waste. Flows are
sometimes combined in practice. For
example, materials processors and

recyclers often produce materials ready

for transmittal to manufacturers[1].

Fig. 3. Graedel’s Type Il material flow model
of steel and iron of Taiwan’s steel
industry. Notations: as specified in
Tables1 and 2.

Fig. 4. Production of crude steel /population in

U.S.A. Source of data: 11SI [13].

Fig. 5. Production of crude steel /populationin

Japan. Source of data: 1S [13].

Fig. 6. Production of crude steel /populationin

Taiwan. Source of data: 11SI [13].

Fig. 7. U of crude steel in U.S.A. Base year of
US$: 1985. Source of data: 11SI [13].

Fig. 8. IU of crude steel in Japan. Base year of
USS$: 1985. Source of data: 1Sl [13].

Fig. 9. IU of crude steel in Taiwan. Base year
of US$: 1985. Source of data: 11SI [13].
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Table 1. Notation explanation and some data of 1998 for Figure 3.

Notation or item [Meaning Data of 1998
M1 Production of crude steel 16,882
M2 Apparent consumption of crude steel 24,388
M3 (=M 31+ M32) [Home scrap 1,021
M4 Production of finished product 22,432
M5 Apparent consumption of finished product 20,097
M6 Production of consumer goods NA
M7 Apparent consumption of consumer goods NA
M8 Scrap from domestic 5,745
M9 Production of scrap (or obsolete scrap) 6,704
(=M10-Msi+Mse)
M10 Consumption of scrap 9,077
Resources (Rin)  [Iron ore and ferrous-alloys into system; taken 12,798
asiron ore imported
Mci Imported crude steel 7,526
Mce Exported crude steel 19
Mfi Imported finished steel 3,520
Mfe Exported finished steel 5,855
Magi Imported consumer steel goods NA
Mge Exported consumer steel goods NA
Msi Imported scrap 2,467
Mse Exported scrap 94
Munl to Mun5 Steel materials uncollected, discarded, or left |—
in the environment from Nodes 1 to 5.
Rcoal Coal consumption 3913

Unit: thousand tons.

Data sources: TSIIA [12].

NA: not available. Nodes1to

5: 1. raw materials and semi-product manufacturer, 2. finished product

manufacturer, 3. consumer goods manufacturer, 4. consumer products user, 5. scrap

[Processor.
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Table 2. Inventories of Nodes 1 to 5 in Figure 3 at the end of the year.

Inventory 1994 1995 1996 1997 1998 1999 2000 Note
Im11, iron ore 522 525 663 1,046 593 540 722 TSI Ai
Im12, crude ged® 1,158 1,160 1,235 1,559 1,688 1,537 1,684 N Aj
Im13, ferrous-alloy 17 21 19 20 16 15 16 TSIIA
Im2, finished steel 1,784 2,328 2,331 2,431 2,397 2,544 2,622 TSIA
Im3, consumer
b 1,958 2,046 1,908 2,209 2,010 2,046 2,119 NA
goods manufactured
Imd,3, consumer
12,019 12,276 11,447 13,256 12,058 12,274 12,716 NA
products for user®
IM4 456, CONSUMEY o
a —| 12,223 11,530 13,076 12,178 12,252 12,672 NA
products for user
Im5, scrap 436 798 750 688 546 763 682 TSIIA
IMyo5° 3,917 4,832 4,998 5,744 5,240 5,399 5,726 —
dimy,s/dt of adjacent
. — 915 166 746 -504 159 327 —
year
I My 23457 — 19,101 18,436 21,029 19,428 19,697 20,517 —
dlmyoz,5/dt of
— — -655 2,593 -1,601 269 820 —

adjacent year"

Unit : in thousand tons.
0.1 M5 for Approaches 4 to 6.

fla7=0.6. e. Sum of Im11, Im12, Im13, Im2, and Imb5.

a. Estimated using Im12 = 0.1 M1. b. Estimated using Im3 =

c. Estimated using Im4 = 0.6 M5 for Approach 3. d1.
Estimated using Im4 = f|4;M7 = fi47(M5—dIm3/dt) for Approaches 4 to 6, fi4; = 0.6 for
Approaches4 and 5, fj47 = 0.1, 0.2, 0.3, 0.4, 0.5, or 0.6 for Approach 6. d2. Datafor

f. Datafor usein Approaches

land2. g. Sumof Imll, Im12, Im13, Im2, Im3, Im4asss, and Im5. h. Datafor use
in Approaches 5 and 6 with f,47; = 0.6.
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i. Dataof TAIIA [12].
Approaches 1 to 6: as specified in Table 3.

j- Not available.



Table 3. Summary of assumptions of different Approaches.

Approach Assumption and equation resulted
Approach 1 1. Perform d X Imj/dt asawhole.
2. Consider individual Munj and Sj.
3. Assume M31=M32=0.5M3,Im12=0.1M1,dim3/dt=0, A3<<1
and taken as zero, dimd/dt =0, M7 — M6 = Mgi —Mge, Mgi = Mge.
4. From assumptions of 3, M7 = M6 = M5.
Approach 2 1. Compute d ¥ Imj/dt asawhole.
2.Consider XMunj (j =1to5)asawhole, Bj= 5.
3. Assume M31=M32=0.5M3,Im12=0.1 M1, dim3/dt=0, 83 =0,
dimd/dt = 0, Mgi = Mge.
4. From assumptions of 3, M6 = M5.
Approach 3 1. Compute individual dimj/dt.
2. Consider individua j3]j.
3. Assume M31=M32=0.5M3, Im12=0.1M1, dim3/dt =0, 53=0,
M7 —M6 = Mgi —Mge, Mgi = Mge, Im4 = 0.6M7 (dimd/dt (I 0).
4. From assumptions of 3, M7 = M6 = M5, Im4 = 0.6M5.
Approach 4 1. Compute individual dimij/dt.
2. Consider individua j]j.
3. Assume M31=M32=0.5M3, Im12 =0.1IM1, Im3 = 0.1M5 (dim3/dt [
0), 83=0,M7—-M6=Mgi —Mge, Mgi = Mge, Im4 = 0.6M7 (dim4/dt
O 0).
4. From assumptions of 3, M6 = M5 —dIim3/dt, M7 = M6, Im4 = 0.6
(M5-dim3/dt).
Approach 5 1. Perform d X Imj/dt asawhole.
2. Consider individual Munj and Sj.
3. Assume M31=M32=0.5M3, Im12 =0.1IM1, Im3 = 0.1M5 (dIim3/dt [J
0), 83=0,M7—-M6=Mgi —Mge, Mgi = Mge, Im4 =0.6M7
(dimd/dt O 0).
4. From assumptions of 3, M6 = M5 —dIim3/dt, M7 = M6, Im4 = 0.6
(M5-dim3/dt).
Approach 6 1. Compute d X Imj/dt asawhole.
2. Consider X Munj (j =1to5)asawhole, Bj= §.
3. Assume M31=M32=0.5M3, Im12=0.1IM1, Im3 = 0.1M5 (dim3/dt (I
0), #3=0,M7-M6=Mgi —Mge, Mgi = Mge, Im4 = f,;; M7 (dim4/dt
00). f4=0.1,02, 0.3 04, 0.5 or0.6.
4.From assumptions of 3, M6 = M5 —dim3/dt, M7 = M6, Im4 = f 4
(M5-dim3/dt).

A fraction of output in Node j which is uncollected, discarded, or left in the

environment.
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Abstract
This study first makes a

questionnaire survey on 94 factories that
have hold 1SO14001 certificate in metal
industry. Methods of linear structura
relation (LISREL) are then conducted to
analyze the effects of I1SO certification
upon the company’s management
administration, environmental protection,
public relations, and financial
performances. The empirica results
show that the holding of ISO certificate
has strong positive impacts upon a
company’s management administration.
The 1SO certification also serves to
improve a business environmental
protection as well as public relations.
The only weak effect is associated with
financia aspect, which may be explained
by the purchasing behavior of consumers
who are not aware of the content of 1SO
certification.

Key words. Metal industry, 1SO 14001,
guestionnaire  survey,  structura
equation modeling
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3 413 LISREL ;=& 1.

EEAp R e F4k whinad
AAgRR Lambda p % #cpe % % 75 (MO-FE) 0.5~0.95
Lambda /& % #cpe. 2 % 38 (Y) 0.5~0.95

Mo fe R Gamma 2. t-vaue & ¥ & 1.96 12+
R C”2 P-vaue i 005
GFI/AGFI 0.9 11t

RMR 0.05 7

NFI 0.9 17 +

78 kR - Bagozzi and Yi (1998) ~ i iE 3 (1998) 2 A7 3 B3 o GFl: goodness-of-fit index.
AGFI: adjusted GFl. RMR: root mean square residual. NFI: normed fit index.
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