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Abstract: Social stock for metal determines secondary or recoverable resources to a certain extent. Top-down analysis method for
the studying of metal in social stock was given. Influences of metal consumption under three circumstances, that is keeping constant,
varying in a linear trend and in an exponential trend, on one kind of metal’s social stock, recyclable ratio and average age were
analyzed. Al-contents and Cu-contents in social stock for China during the period 2006—2009 were calculated. The results reveal that
Al-contents and Cu-contents in social stock kept increasing and reached 88.9 million tons and 51.4 millions tons in 2009, respectively,
their average recyclable ratios are 1.45% and 0.30%, and the average ages are 4.65 years and 6.89 years, respectively. The recyclable
ratios and average ages of Al-contents and Cu-contents in social stock will rise in future along with the decline of the increasing rate

of aluminum consumption and copper consumption.
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1 Introduction

Production and consumption of iron and steel,
aluminum, copper, zinc and lead, etc, have increased
quickly in China since 1990s [1]. Scrap of these metals
was severely insufficient to meet the needs. The heavy
dependence on imports for iron ore, bauxite and copper
concentrate, etc, has made great pressure on China’s
resources strategy [2—6]. At the same time, metal
products continued entering social stock, such as
building and construction, transportation, mechanical
engineering,  electrical  engineering,  packaging,
household and office equipment. However, with the
growing of the inputted metal to the social stock, the
output of secondary resources from the social stock is
very limited in recent years [2—6]. It can be expected that
the amount of secondary resources produced from the
social stock should increase some years later. The
amount of a country or a region’s secondary resources
available for recycling was determined by the volume of
social stock and its composition, which includes the
historical change in consumption, but relevant
information on the social stock and secondary resources

in China is difficult to grasp. Since the amount of
China’s secondary resources of steel scrap available for
recycling had not been analyzed, electric steel plants
broadly developing in the 1990s resulted in a huge waste
of investment. Therefore, the analysis on the metals
social stock and their composition obtained the variation
of the potential recyclable secondary resources. Analysis
of metal flows and stocks can provide some basis for the
decision making of resources strategy, industrial and
environmental policy of China’s metal industry.

Studies on metal flows and stocks have been carried
out broadly out of China. SPATARI et al [7,8] took
copper and zinc as examples to analyze the net change of
the whole European social stock in 1994, using substance
flow analysis of the “Stocks and Flows” model.
GRAEDEL et al [9] adopted similar “Stocks and Flows”
model to analyze the net change of the social stock of
copper in 1994 for 56 countries, nine regions and the
whole world. MELO [10] presented the distribution of
the aluminum-containing materials in the final products,
then analyzed and predicted the amount of waste
generation of the aluminum industry in Germany from
1986 to 2012 according to different probability
distribution functions. ELSHKAKI et al [11] analyzed
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the changes of lead in the social stock of Netherlands,
which brought about the environmental and economic
influence on lead industry in the future. BLINDER et al
[12] studied the changes of per capita social stock of
copper and zinc in certain areas and countries.
ROSTKOWSKI et al [13] used survey research and
statistical analysis methods to calculate the social stock
of nickel in New Haven city, Connecticut, USA, based
on the nickel-containing substances in the distribution of
final products. DAIGO et al [14] developed the
calculating formulas of the inflow and outflow of
copper-containing materials from the copper social stock,
and analyzed Japan’s social stock of copper in 2005.

A few studies on social stock of metals have been
carried out in China. YUE and LU [15] used “Stocks and
Flows” model to analyze the net increase of social
copper stock per capita in China in the period
1998—2002; LOU and SHI [16] used survey research and
statistical analysis to calculate the social stock of steel
and aluminum of Handan City in 2005, based on the use
volume and intensity of steel and aluminum in the final
products. MAO et al [17] used “Stocks and Flows”
model to analyze the net changes of 52 national, 8
regional and global social stocks of lead in 2000. GUO et
al [18] used “Stocks and Flows” model to analyze the net
increase of zinc in the social stock in China in 2006.

In this work, the analysis method is given for the
study of metal in social stock, and the Top-down method
is used to analyze the social stock of metallic substance.
Then, the characteristics of social stock under different
variation of metal consumption are discussed. Finally,
social stock for aluminum and copper in China is
calculated.

2 Analysis method of social stock for metallic
substance

2.1 Framework
Stock and recoverability of metallic substance are
shown in Fig. 1. From Fig. 1, it can be seen that social

/Old scrap
Flow entering use Discards

—— | Social stock

stock (SS) of metallic substance has the highest
recoverability for secondary resources, tailing stock and
landfilled stock come next, and dissipated stock has the
lowest recoverability. So, it can be said that SS of
metallic substance determines the quantities of
recyclable old scrap to a certain extent.

2.2 Analysis method

Top-down method is used here to study the social
stock of metal, which calculates the difference by metal
in final products which are flowed into SS and then
flowed out of SS in a period of time (#—¢) [19]. And SS
of metallic substance in the time ¢, should be known (see
Fig. 2). Generally, metal flowed into SS as final products
in-use and metal flowed out of SS as discarded products
can be got by functions of time. SS of metallic substance
at a random time 7 can be calculated by:

()= [ iy (D)= [ gy (2)d7+ my (1) (1)

where m;,(7) is metal mass in final products flowed into
SS; mou(7) is metal mass in discarded products flowed
out of SS; my(#) is metal mass in SS at initial time #.

Socioeconomic system can be separated as steady
system and non-steady system according to the variation
of metal substance in SS: when metal contents don’t
change with time, we can regard it as a steady system;
when metal contents change with time, then it is a
non-steady system. These two systems are described in
Figs. 2(a) and (b), respectively.

Metal in social stock doesn’t change for steady
system, that is, m(f) equals mg(2y). In fact, as Eq. (1)

shows, if Lt my, (r)dt equals Lt mg, (r)d7 , this system
0 0

is a steady system.
The quantities of metal flows into SS in a period of

. t .
time (f—f) are my, =L my, (r)dz . If one metal has i
0

categories of final products, we can get

— Landfilled stock
Waste
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Fig. 1 Stock and recoverability of metallic substance
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Fig. 2 Variation of social stocks of metals in steady and
non-steady systems: (a) Steady system; (b) Non-steady system
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The quantities of metal flowed out of SS in a period

of time (#y—7) can be expressed as m,, = Lt my, (r)dz. If
0

we assume the average use life for the first category of
metal products is Aty, the second is Az,, **+, the ith is Az,

Moy =My gy T gy +o00 M

out i,out

t
=(a, + al’l)-[to my 5 (r—Azy)dr+
t
(o, +y) )LO My (7 =AT))dT+-++

t
(a;, +a;, )LO m; ., (7 —At;)dr

3)
*, a;, are recycling rates of the first,
second, -+, ith category of discarded metal products; a; |,
0y, ***, a;) are landfilling rates of the first, second, -,
ith category of discarded metal products.
In Eq. (3),

where oy, oy,

At =a oy ==a;, +a;; =1

and

t t
al,rLO my;, (7 —Az)d7 + az,rLOmz,in (r—Azry))dr+...+

t
e[, Mian (7= A7)d7

is the scrap recycled in the period (#,—).

Taking Eq. (2) and Eq. (3) into Eq. (1), SS of
metallic substance can be calculated out under the known
parameter of m(t).

If we want to calculate SS of metallic substance
based on Eq. (2) and Eq. (3), we should obtain the
information on the use categories of metal products,
distribution of metal in different categories of metal
products (constitution of metal use) and average use life
for each category of metal products for a long period of
time. It is almost impossible to obtain these data for a
long period in China because of insufficient data sources.
So, a simplified analysis method is adopted here.

Metal consumption of a country (or a region) can be
calculated by the following formula under the situation
that metal stockpile doesn’t change so much.

mcons(T):mprod(T)+mimpo(r)_mexpo(r) (4)

where Mo, M@y Mingo(D),  Mepolt)  are
consumption, production, imported quantities and
exported quantities for one kind of metal in the year ,
respectively.

It is easy to understand that quantities of metal
consumption m.,s are the same with metal flowing into
SS (my,). Based on Eq. (1), SS of metallic substance at a
random time ¢ can be calculated by the following
formula:

my(t) = Lt Mo (T)dT —I: Meons (T —AT)dT +my (25) (5)

where At is the weighted average use life for different
categories of metal products in Eq. (3).

Metal products have an average use life Az, namely,
the average use life of copper products is about 30 years
[4, 20], the average use life of aluminum products is
about 16 years [21], and the average use life of zinc
products is about 17 years [22]. Metal products will be
discarded and reclaimed as secondary resources after
their use life. Constitution of social stock of metallic
substance in the year 7 can be described as Fig. 3, where
we assume the average use life of metal products is Az.

In Fig. 3, m,, m,y, ***, Mype and m, 5, are metal
contents in final products in the year 7, (z—1), *-,
(—Ar+1) and (z—Az). SS of metallic substance in the year
7 can be calculated as:

Mg (0)= My +Mp_ et M gy (6)

where mg(7) is the SS of metallic substance in the year 7.
Metal products in the year (t—Ar) (which is
expressed by m,,;) will be discarded from social stock
and reclaimed as secondary resources to the metal
production, fabrication and manufacture stage.
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Fig. 3 Sketch map of metal in social stock of year z

3 Social stock of metallic substance under
different variation of metal consumption

3.1 Function types of metal consumption

According to the data on metal (iron and steel,
aluminum, copper, etc) consumption of USA, UK, Japan
in the past one hundred years and China after the year
1949, metal consumption functions can be divided into
four types: 1) linear increase or keeping constant; 2)
linear decrease; 3) nonlinear increase; 4) nonlinear
decrease. Based on the actual circumstances of metal
consumption in some countries, there are four combined
characteristics of metal consumption functions: 1) linear
increase or keeping constant + nonlinear increase
(Fig. 4(a)); 2) nonlinear increase + linear increase or
keeping constant (Fig. 4(b)); 3) nonlinear decrease +
linear increase or keeping constant (Fig. 4(c)); 4)
nonlinear increase + nonlinear decrease (Fig. 4(d))
[22,23].

P|(a) P|(b)

=
=

2| (c) Pl(d)

-~

T
Fig. 4 Combined characteristics of metal consumption
functions

3.2 Variation of metal consumption on social stock of
metallic substance
Metal consumption of a country (or a region) in a
period of time can be divided into three circumstances:
1) keeping constant; 2) linear variation; and 3)

exponential variation. In the following part of this
section, we will discuss SS of metallic substance in the
above three circumstances according to section 2.2. The
average use life of metal products is assumed to be Ar,
and metal consumption in the initial year is m,.

1) Constant metal consumption

Metal consumption keeps constant, which is
m, =my . SS of metallic substance at a random ¢ will be
equal to that at the initial time #, under this circumstance
according to Eq. (5), that is,

mgs(t)=ms(to) (7
2) Linear variation of metal consumption
Variation trend of metal consumption is assumed to
be m, =my+kmyr . According to Eq. (5), SS of
metallic substance at a random ¢ can be calculated by the
following formula under linear variation of metal
consumption.

Mg (t) — Mg (tO) =
mOJ.; (+kr)dr—m, Lt [1+k(z—A47)]dr =

mykAtT(t—1t,) ®)

SS of metallic substance will increase gradually
under linear increase of metal consumption (that is £>0);
SS of metallic substance will decrease gradually under
linear decrease of metal consumption (that is £<0). In
addition, the average use life of metal products (Ar) and
metal consumption at the initial time (m,) also have great
influence on the SS of metallic substance. The larger the
At and my, are, the larger the SS of metallic substance’s
change in this period (z,—).

3) Exponential variation of metal consumption

Variation trend of metal consumption is assumed to
be m, =my(1+q)". According to Eq. (5), SS of metallic
substance at a random ¢ can be calculated by the
following formula under exponential variation of metal
consumption.

Mg (t) — Mg (tO) =

! T ! T—AT
mojto(l+q) dz’—mOJ.to(1+q) A=

mo[(1+q)" —(1+ )" 1[(1+¢)*" —1]
In(1+ )1+ ¢)**

(€]
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SS of metallic substance will increase gradually
under exponential increase of metal consumption (that is
¢>0); SS of metallic substance will decrease gradually
under exponential decrease of metal consumption (that is
g<0). In addition, metal consumption at the initial time
(my) also has great effect on the SS of metallic substance.
The larger the my is, the larger the SS of metallic
substance’s change in this period (z—).

3.3 Quantities, recyclable ratio and average age for
SS of metallic substance in year =
3.3.1 Quantities for SS of metallic substance in year ¢
Taking the average use life of aluminum products in
China, which is 16 years, as an example [21], we will
discuss quantities, recyclable ratio and average age for
SS of metallic substance in the year 7 according to
section 2.2.
1) Constant metal consumption
According to Fig. 3 and Eq. (6), SS of metallic
substance in the year  can be calculated by the following
formula when metal consumption keeps constant.

mg () =my+my+...... +my =16my (10a)

2) Linear variation of metal consumption

Variation trend of metal consumption is assumed to
be m, =my+kmy7 . According to Fig. 3 and Eq. (6), SS
of metallic substance in the year r can be calculated by
the following formula under linear variation of metal
consumption.

mg (7) = my +16kmy + my +15kmg + -+ -+ my + kmy
=my(16+136k)
3) Exponential variation of metal consumption
Variation trend of metal consumption is assumed to
be m, =my(1+¢q)" . According to Fig. 3 and Eq. (6), SS
of metallic substance in the year r can be calculated by
the following formula under exponential variation of
metal consumption.

(10b)

mg(7) =my(1+¢)'* +my(1+ )" +--+my(1+q)

_myl(1+¢)"" ~(1+9)]
q

(10c¢)

If taking the average use life of copper products in
China, which is 30 years, as an example [4,20], the
formulas (10a)—(10c) can be expressed as:

1) Constant metal consumption

my (7)) =my +my +---+my =30m, (11a)
2) Linear variation of metal consumption

m (7) =my +30kmy + my +29kmy + - -+ my + kmy,
=my(30+465k) (11b)

3) Exponential variation of metal consumption

mg(t) =my(1+q)"" +my(1+q)” +-+-+my(1+q)

_myl(1+¢)* -1+ )]
q
3.3.2 Recyclable ratio for SS of metallic substance in
year t
Old scrap in the year 7 can be calculated by the
following formula:

Z(7) = R(7)xmy(7) (12)

(11c)

where Z(t) is the recyclable old scrap, t/a; R(tr) is the
recyclable ratio for SS of metallic substance, %; mg(t) is
SS of metallic substance, t/a.

Taking the average use life of aluminum products in
China, which is 16 years, as an example, the variations of
metal consumption on the recyclable ratio for SS of
metallic substance will be discussed below according to
section 3.3.1.

1) Constant metal consumption

We assume that old scrap resource in the year 7 is
my. The recyclable ratio for SS of metallic substance, that
is R(7), can be expressed by the following formula
according to Eq. (12).

R(7)=Z(7)/ my(t) =my /16my x100% = 6.25%  (13a)

2) Linear variation of metal consumption

As the same reason, old scrap resource in the year ¢
is my. The recyclable ratio for SS of metallic substance,
that is R(z), can be expressed by the following formula
according to Eq. (12).

R(t)=Z(r)/ m(r) =mg [[my(16+136k)]x100%

=1/(16+136k)x100% (13b)

3) Exponential variation of metal consumption

As the same reason, old scrap resource in the year ¢
is my. The recyclable ratio for SS of metallic substance,
that is R(z), can be expressed by the following formula
according to Eq. (12).
R(7)= Z(T)/mss (7)

=myxq/my[(1+q)"" —(1+¢)]x100%

=q/[(1+q)" —(1+¢)]x100% (13¢)

If taking the average use life of copper products in
China, which is 30 years, as an example, the formulas
(13a)—(13c) can be expressed as:

1) Constant metal consumption

R(t)=Z(r)/ my(t) = my /30myx100% =3.33% (14a)
2) Linear variation of metal consumption
R(t)=Z(r)/ m(z) =mg /[my(30+465k)]x100%

=1/(30+465k) x100% (14b)

3) Exponential variation of metal consumption
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R(r)=Z(7)/ m(7)
=myxq/my[(1+4)°" - (1+¢)]x100%

=q/[(1+¢)>' —(1+¢)]x100% (14¢)

The influences of linear increase and exponential
increase of metal consumption on the recyclable ratio for
SS of metallic substance can be obtained by the Egs.
(13b) and (13c) and Eqgs. (14b) and (14c). Of course, the
influences of linear decrease and exponential decrease of
metal consumption can also be analyzed by Egs. (13b)
and (13c) and Egs. (14b) and (14c).

As shown in Table 1, the recyclable ratio for SS of
metallic substance under metal consumption in a linear
increase or in an exponential increase is smaller than that
of metal consumption keeping constant. The faster the
metal consumption increases (the bigger the & and ¢ are),
the smaller the recyclable ratio for SS of metallic
substance is. We can also find that if k=g, the recyclable
ratio for SS of metallic substance under metal
consumption in an exponential increase is smaller than
that in a linear increase. Under the same k or g,
recyclable ratios for Az equal to 30 years are smaller than
those for the Az equal to 16 years.

Table 1 Influence of metal consumption’s variation on
recyclable ratio of metal in social stock

R(@)/%

korg Linear increase'of metal  Exponential incregse of

consumption metal consumption

A=16a Ar=30a Ar=16a A=30a

0.01 5.76 2.89 5.74 2.85
0.02 5.34 2.54 5.26 2.42
0.03 4.98 2.28 4.82 2.04
0.04 4.66 2.06 441 1.71
0.05 4.39 1.88 4.03 1.43
0.06 4.14 1.73 3.67 1.19
0.07 3.92 1.60 3.35 0.99
0.08 3.72 1.49 3.05 0.82
0.09 3.54 1.39 2.78 0.67
0.10 3.38 1.31 2.53 0.55
0.11 3.23 1.23 2.30 0.45
0.12 3.09 1.17 2.09 0.37
0.13 2.97 1.11 1.90 0.30
0.14 2.85 1.05 1.72 0.25
0.15 2.75 1.00 1.56 0.20
0.16 2.65 0.96 1.41 0.16
0.17 2.56 0.92 1.28 0.13
0.18 2.47 0.88 1.16 0.11
0.19 2.39 0.84 1.05 0.09
0.20 231 0.81 0.95 0.07

3.3.3 Average age for SS of metallic substance in year ¢

SS in the year 7 is made of metal flows into SS in
the same year 7 and a certain number of years before the
year 7, so here we can define the concept of average age
for metal products in the SS. The average age of metal
products in the SS can be expressed by:

ZT: m; xi(Ar—j)
;(T) _ i=t—-Ar+1 Jj=1 (15)
mSS(T)

where y (7) is the average age of metal products in the
SS, a; m; is the metal flowing into SS in the year i, t. For
a definite SS, the older the average age is, the larger the
reclaimed secondary resources in the short period are;
the younger the average age is, the smaller the reclaimed
secondary resources are.

Taking the average use life of aluminum products in
China, which is 16 years, as an example, variations of
metal consumption on the average age for SS in the year
7 will be discussed below according to section 3.3.1.

1) Constant metal consumption

The average age for SS of metallic substance,
y(r), can be expressed by the following formula
according to Eq. (15).

mg x15+mgx14+---+myx0

¥(r) = 75a (16a)

16m,
2) Linear variation of metal consumption
The average age for SS of metallic substance,
y(r), can be expressed by the following formula
according to Eq. (15).
y(7) =[(my +kmy) <15+ (my +2kmy)x14+---+
(mgy +16kmg)x 0]/[my (16 +136k)]

=(15+85k)/(2+17k) (16b)

3) Exponential variation of metal consumption

The average age for SS of metallic substance,
y(r), can be expressed by the following formula
according to Eq. (15).

~my(L+ @) x15+my(1+¢)” x 14+ +my(1+¢)"° x0

y(7)
g mol(+9)" ~(+q)]
q
_ql15+14(1+q) +--+ 1+ "]

(1+q)° 1 e

Taking the average use life of copper products in
China, which is 30 years, as an example, the formulas

(16a—16c¢) can be expressed as:
1) Constant metal consumption

myx29+myx28+---+myx0
30m,

=14.5a

y()= (172)

2) Linear variation of metal consumption
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y(7) =[(mg +kmg)x 29 + (my + 2kmy) x 28 +---+
(mg +30kmyg) % 0]/[my(30+465k)]

= (435 +4495k) /(30 + 465k) (17b)

3) Exponential variation of metal consumption
(14 q)x 29+ my (1+q)* x 28+ +my (1+¢)*° x0

¥(7)
y mo[(1+q)3l—(l+q)]
q
:q[29+28(l+q)+...+(1+q)28]

0™ 1 (17¢)

The influences of linear increase and exponential
increase of metal consumption on the average age for SS
of metallic substance are obtained by Eqs. (16b) and (16¢)
and Egs. (17b) and (17c). Similarly, the influences of
linear decrease and exponential decrease of metal
consumption can also be analyzed by Egs. (16b) and
(16¢) and Egs. (17b) and (17c¢).

From Table 2, we can see that the average age for
SS of metallic substance under metal consumption in a
linear increase or in an exponential increase is smaller
than that of metal consumption keeping constant. The
faster the metal consumption increases (the larger the k&
and g are), the younger the average age for SS of

Table 2 Influence of metal consumption’s variation on average
age of metal in social stock

y(r)/a

korg Linear increase'of Exponential incregse of

metal consumption metal consumption

A=l6a Ar=30a A=16a A=30a
0.01 7.30 13.85 7.29 13.76
0.02 7.14 13.36 7.08 13.03
0.03 6.99 12.97 6.87 12.31
0.04 6.87 12.65 6.67 11.63
0.05 6.75 12.39 6.47 10.97
0.06 6.66 12.17 6.28 10.34
0.07 6.57 11.98 6.09 9.75
0.08 6.49 11.82 5.90 9.19
0.09 6.42 11.68 5.72 8.67
0.10 6.35 11.56 5.55 8.18
0.11 6.29 11.45 5.38 7.72
0.12 6.24 11.36 5.21 7.30
0.13 6.19 11.27 5.06 6.91
0.14 6.14 11.19 4.90 6.54
0.15 6.10 11.12 4.75 6.21
0.16 6.06 11.06 4.61 5.90
0.17 6.02 11.00 4.47 5.61
0.18 5.99 10.94 4.34 5.34
0.19 5.96 10.89 4.21 5.10
0.20 593 10.85 4.09 4.87

metallic substance is. We also find that if k=g, the
average age for SS of metallic substance under metal
consumption in an exponential increase is younger than
that in a linear increase.

4 Social stock for aluminum and copper in
China

4.1 Social stock for aluminum in China

The variation of aluminum consumption of China in
the period 1990-2009 is shown in Fig. 5 [1]. The
changes of consumption in this period close to
exponential growth and can be fitted into the following
formula:

M, ~ My(1+0.1574)

The variations of Al-contents in SS in China during
the period 2006-2009 were calculated in the range
(54.2-88.9)x10° t (Table 3), based on the average use
life of aluminum products being about 16 a in China
[21].

Al consumption/10%t
o o
T T

'S
T

0 1 1 1
1990 1995 2000 2005 2010
Year

Fig. 5 Variation of aluminum consumption in China in
1990-2009

Table 3 Quantities of Al-contents in social stock in China
during period 2006—2009

Year S./10%
2006 54.2
2007 65.2
2008 76.5
2009 88.9

The Al-contents in social stock increased quickly in
the period 2006—2009, and finally reached 88.9x10° t in
the year 2009.

The average recyclable ratio for SS of aluminum
substance was calculated to be 1.45% in the studied
period according to Eq. (13c). We find when ¢ is in the
range of 0.15—0.16, the recyclable ratio is in the range of
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1.41%-1.56%. But along with the descending of
aluminum consumption in the future in China, the
recyclable ratio for SS of aluminum substance will
increase gradually.

The average age for SS of aluminum substance was
calculated to be 4.65 a in this period according to
Eq. (16¢c). We find when ¢ is in the range of 0.15-0.16,
the average age is in the range of 4.61—4.75 a. But along
with the descending of aluminum consumption in the
future in China, the average age for SS of aluminum
substance will increase gradually.

4.2 Social stock for copper in China

The variation of copper consumption of China in
the period 1976—2009 is shown in Fig. 6 [1]. Changes of
consumption in this period close to linear growth in the
period 1976—1990 and exponential growth in the period
1990-2009, respectively, and can be fitted into the
following two formulas:
M, =My(1+0.0977), in the period 1976—1990

M, ~M;(1+0.1305)", in the period 1990—2009

The variations of Cu-contents in SS in China during
the period 2006—2009 were calculated in the range of
(36.8-51.4)x10° t (Table 4), based on the average use
life of copper products being about 30 a in China [4,20].

7

6_

Cu consumption/10°

1_

0 1 L L L 1 L

1975 1980 1985 1990 1995 2000 2005 2010
Year

Fig. 6 Variation of copper consumption in China in 19762009

Table 4 Quantities of Cu-contents in social stock in China
during period 2006—2009

Year S./10%
2006 36.8
2007 41.1
2008 46.0
2009 514

The Cu-contents in social stock increased quickly in
the period 2006—2009, and finally reached 51.4x10° t in
the year 20009.

The average recyclable ratio for SS of copper

substance was calculated to be 0.30% in the studied
period according to Eq. (14c). We find when ¢ is in the
range of 0.13—0.14, the recyclable ratio is in the range of
0.25%—-0.30%. But along with the descending of copper
consumption in the future in China, the recyclable ratio
for SS of copper substance will increase gradually.

The average age for SS of copper substance was
calculated to be 6.89 a in this period according to
Eq. (17¢). We find when ¢ is in the range of 0.13—0.14,
the average age is in the range of 6.54—6.91 a. But along
with the descending of copper consumption in the future
in China, the average age for SS of copper substance will
increase gradually.

4.3 Discussion

From the above analysis, we found that Al-contents
and Cu-contents in SS have increased quickly in recent
years. Though the quantities of Al and Cu flowed into SS
are large, the products containing them are young and
they will stay in SS for a long period of time.
Correspondingly, the recyclable ratios and average ages
are low at present. But we can forecast that along with
the descending of the increasing rate for aluminum and
copper consumption in the future in China, the recyclable
ratios and average ages for SS of aluminum and copper
will rise.

5 Conclusions

1) Social stock of metallic substance determines the
quantities of old scrap that can be reclaimed. Based on
the analysis of metals social stock and composition, we
can obtain the variation of potential secondary resources.
Analysis of metal flows and stocks can provide some
basis for the decision making of China’s metal industry’s
resources strategy, industrial policy and environmental
policy, and achieve a sustainable development of metal
industry.

2) The recyclable ratio and average age for SS of
metallic substance under metal consumption in a linear
increase or in an exponential increase are smaller than
those of metal consumption keeping constant. The faster
the metal consumption increases, the smaller the
recyclable ratio and average age for SS of metallic
substance is. For the same increasing rate of metal
consumption, the recyclable ratio and average age for SS
of metallic substance under metal consumption in an
exponential increase is smaller than that in a linear
increase.

3) Al-contents and Cu-contents in social stock
increased quickly in the period 2006—2009, and reached
88.9x10° t and 51.4x10° t in the year 2009, respectively.
In this period, the average recyclable ratios for SS of
aluminum and copper were 1.45% and 0.30%, and the
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average ages for SS of aluminum and copper were 4.65
and 6.89 a, respectively. Along with the descending of
the increasing rate for aluminum and copper
consumption in the future in China, the recyclable ratios
and average ages for SS of aluminum and copper will
increase gradually.
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