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FACTOR ANALYSIS ON IMPROVING THE PRODUCTIVITY
OF THE NONFERROUS METALS INDUSTRY (1)

Productivity research group of China National Nonferrous Metals Industry Corportation
China National Nonferrous Metals Industrv Corporation. Beijing 100814, China

The productivity of China's nonferrous metals industry durmg 1980—1990 has been anafysed. The important
lactors which constrain the productivity ol thie nonlerrous metuals industry have been studied. the methods of 1m-
proving the produclivity of the nonlerrous metals industry have been discussed.
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1 INTRODUCTION 2.V Exhibition of idices
China’s nonferrous metals industry has 2. 1.1 The Calculation and Meaning of the in-
been greutly improved in the 1980%s. but at the dices

same Lime. various contradictions and problems ] Labour Productivity

exposed. The purpose of the present paper is to Annual output of nonferrous metals

identify. analyze. and suggest solutions for these per person = total output of nonfer-

problenis. rous metals .~ number of employees.
1/ pa)

? FACTORS EFFECTING THE PRODUC- Annual net value of nonferrous melt-
TIVITY OF THE NONFERROUS MET- als outputl per person=net value of
ALS INDUSTRY output of nonferous metals © num-

Productivity. the ratio of output to input. ber of employees. (RMB yuan 7 p.a)
. s B . 1 - lretias (O
can be decomposed to many concrete indices 2 Capital productivity (%)

Net value of output of unit capital
=(nel valve of output . manageme-
nt capital) x 100%.

which can serve as indicators of productivity.
Productivity consists of the productivity of hu-
man labour productivity. materialize labour

. . where management capital is composed of fixed
productivity and total labour productivity. Ac- i , i . L
. . B R and circulating capital. fixed capital 1s calculated
cording to the production management features _ L . .
) by averaging annually iniual value ol the fixed
of the nonferrous metals industry. labour prod- . ) , , _
. . . , capital and circulating capital 15 average re-
ucuvity. cuptral productivity material consump- . . . . )
. _ . maining sum of the total circulating capital.
tion productivty and value productivity are chos-

) n 3 Materialize consumption productivity (%)
¢n to comprehensively represent the productivity

Net value of output of unit material
consumption = (net value ot output
value of materials comsumption)

of the nonferrous metals industry and its devel-
opment trends.
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x 100%

4 Cost productivity (%)

Net value of output of unit produc-
tion cost=(net value of output /
cost) x 100%

From above formules. we cun get
value labour productivity =capitul
intensive rate (capital per person) X
capital productivity = material con-
sumption rate (Annual material con-
sumption per person) X material con-
sumption productivity. =cost inten-
sive rate (Annual productivity cost
per person) X cost productivily.

It is implied that the variations in labour
productivity are effected not only by the input
structure. but also by the efficiency of the utilizi-
tion production materials. The input structure is
an extensive factor while the utilization efficiency

of production materials 1s an mtrisic tuctors.

2.1.2 Results of Calculation of Indices

The annual productivity of the nonfeerous
metals industry and the subindices for the beried
19801990 are shown in Table 1.

Using the data in Table 1. the orbits
trends in productivity are illustrated in Fig. 1~
Fig. 5

and

1.2

their analvsis

The wrends of Taviations in Produciivioy and

It is shown in Table 2 that the variation of
L.P (labour productivity). C.P (capital productiv-
ity), M.C.P (material consumption productivity
(VP) (Value productivity) in number. range and
rate between 1980 and 1990.

2. 2.1 Labour Productivity

In the period ot 1980~ 1990. the object la-
bour productivity (O.L.P) mcreased at steadily
higher rates. except the decline in 1981 and 1982,
The annual O.L.P per person increased with a
growth rate 66.72%. and the average annual
growth rate was 6.59%.

The value labor productivity has almost no
periodically irregular variations except those in
1989 and 1990. The capital productivity (C.P)
varied some what sharply. The average value of
C.P in 1981~ 1985 was higher than that in 1976
~ 1980. And the value labor prodﬁctivity in 1986
~ 1990 is higher than that in 1981 ~ 1985, During
this period. the M.C.P. declined sharply and re-
stricted the increase of labour productivity. At
the same time. the capital intensive rate. material
consumption intensive rate increased at steadily
higher rates. Their variation trends are similar to
those of labour productivity (L.P). Theretore. the
mcreases in the capital intensive rate and material
consumptioﬁ intensive rite are essential factors
promoting the growth of L.P.

In 1989. the positive periodic variation in
the labour productvity of (911 RMB Yuan -

Table 1  Productivities and their subindices of the nonferrous metals industry (current prices)
Yoears Vinual oo
Subject L ot
IBAE) 1] Jus2 lusi | s Jyns 1one tusT lus~ Jusy 1o noof -k
1 [ | 4322 1370 | 310 | 430 | 204 1 o0 | 715 18NS (IR 2030 2 |44l [INIEA
2 RMBYwon pua 37 TN 4N Il dsn Jusn 744 HO T Tou2 U4NT EOTIT TRl TTan
[ dgs P [N 03 la N5 IN IS 22y AIEE] 2 BRI 241 JIRNGIS N 47 AL
4 iR RIS ERNtE] g AT ial 3y 34 R 22 2547 ool 13
AR E] 2 3] 33 KT W RITEREN 1] G 42 95T R 24T [§ M
th RAIBYuwn pa p fudid JITSINEN 193]2 214y 22008 ARRES) 27T AHETO 3Tt aurTo Bl 2ITn LAY
- RMBYuwan pa p' RUT NN RURE] 2> 120 el [T2R3 [onde 2V]S] 41 e [ [SA 25328
N RMB Yo poop’ LIS lusod nmd J1v7s 1342 l6dd™ ISI3 21uda 2e0ld 3snds O] 12787 aNa4R
Y RADBYuwan pa o1 ' Ysih Jatn lu2Ll4 fu2n= IS 13371 1341 [42]x [l 2nasn 2ol (074~ [=n="
10 RAIB Y uan pua o 2ndu RN RIRTY 2554 RICR iz ERR RIS e 403y S0 27 RA
I REBYuim pa ol Tlss BREYS RS T DRAL] LS9 Lonto 2040 15427 Jeald s [RIRD!




A
T

o .
oL . . . . 1980 1982 1984 1986 1988 1990
1980 1982 1984 1986 1988 1990 Year

car

Fig. 3 The orbits and trends in
Fig. 1 The orbits and trends in capital labor productivity
object labor productivity

'~ 10,000
[
e
- 8,000
[}
=
>
;m |
s 6,000
[+4
\>
4,000
P L . L : . OLL Ao L L " J
1980 1982 1984 1986 1988 1990 1980 1982 1984 1986 1988 1990
Year

Year
Fig. 2 The orbits and trends in Fig. 4 The orbits and trends in

value labor productivity material consumption productivity




86 TRANSACTIONS OF NFsoc Feb. 1993

resulted from a low capital increase in capital ef-
ticiency. During this period. management capital
increased 31.7x 10" RMB Yuun with a rate of
increase 18.7%. while the net value of the output
increased only 0.95x 10" RMB Yuan with a rate
of increase of 2.89 %. Meanwhile. production
developed slowly and the capiial utilization efti-
ciency was low. in spite of the management capi-
tal increasing considerably. The increase in capi-
tal productivity (4.7%) in 1984 ~ 1989 was the re-

sult of increase in capital growth efficiency. Dur-

ing this period. the management capital increased
223.15x 10" RMB Yuan with a rate of increase
of 111%. while the net value of the output in-
creased 65.58 x 10 RMB Yuan. This means the
scale of production scale was enlarged: the out-
put inereased rapidly: the invest- ment efficiency
was good: and all these drama- tically improved
the capital productivity. In 1990, capital produc-
tivity decreased drastically (by 5.49%,). because
the newly increased fixed assets were not fully
used. The circulating capital. and in special the
non-quota circulating capital were utilized too
much and the circulative efficiency decreased (the
circulation period was 170 d mn 1989, and 233 d in
1990,

2.2.3

Muterial Consumption Productivity

During 1980~ 1990. matenal consumption
productivity displaved no obvious periodic and
regulur variation and. overally decreased con-
siderably. Comparing 1990 with 1980. the output
efficiency of material consumption decreased
from 38.13%0 to 21.79%,.

22,4 Value Productivity

During 1980~ 1990. the variation {rends.
range and rate of change vulue productivity were
almost the same or similar to those of the M.C.P
This mdicates that the vamation of the value
productivity is mainly aftected by the variaton
of the M.C.P. but not labour cost. And 1t cin be
explained why the M.C P aries.

2.3 Conclusion of Synthetic Analvsis

231
(25.79%) Increased largelv. The growth of the

The output and input. except employee

value output. that 1s to say. the net value ot the
output (194.9%) was larger than that of metal
output (91.78%): the growth of matenal labour
input Le. the growth of utilized management capi-
tal {(208.87%) and material consumption (343.72°,)
were larger than that of output. especially the gro-
wth of material consumption.

[

1] TR
1980 1982 1984 1986 1988 1990
Year

Fig. 5 The orbits and trends of

value productivity

2032

The level of labor productivity and its
subindices mcreased greatly during 1981~ 1985.
which was better than that ot 1976 ~ 1980. while
the levels ot subindices increased much more dur-
ing 1986~ 1990 than during 1981~ 1985, In spe-
cial the magnitude of the increase i {988 und
1989 reached a maximum and most of the mdices
also reached their best level. However there were
still several important indices whose levels con-
tinually declined e.g.. the net value of the output
decreased by 7.3%: the M.C.P decreased by
12.66%. These are the main obstacles for um-
proving productivity turther. But there is also
great potential to improve productivity in the fu-
ture.

2033 Inereasing Volume of V.L.P The m-
crease volume of value labour productivity al-
most depend on the increase of input structure
indices (capital occupied per person. annual av-

erage  material consumption per person). The
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effect caused by the large increase in mput struc-
ture Indices 1s liible to hide the tremendous effect
on the decrease of L.P resuluing from the de-
crease m the output efficiency of the mmput fac-
tors.

234 The trend i the value lubour produ-
ctivity 1s similar to that of the M L.P. This means
that the increase of the V.L.P. is based on the in-
crease of the M.L.P.. In 1980 and 1990. M.L.P. 1s
1432 and 2.184 t " p.a respectively. while the net
values of the output per ton of metal was 2.639
and 4090 RMB Yuan - t. The increase of the
V.L.P resulting from the mcrease of the M.C.P.
15 2.539 RMB Yuan 7 p. which is half the total
increase of the V.L.P. The rest was caused by the
increase 11 the net value of output ot the metal.
2.3 5 The net value of the output per ton of
metal was low. and was declining. From Tuble 1
one can see that. the net value of the oulput per
ton of metal appeurs to have increased 54.57%,
However. considering the variation in the mate-
nal consumption per ton of metal (increased
131.38%¢) and in the average price per ton of
metal (increased 110.18%%). the net value of the
output per ton of metal m lact decreased. be-
cause high tech products and other high addi-
tional value products decreased In quantity aver
those 10 vears and are still decreasing. This is an-
other important factor which obstructed the im-
provement of the productivity ot the nonferrous
metals industry. and a great potential o improve
productivity lies therein.

3 IMPORTANT FACTORS RESTRICT-
ING THE PRODUCTIVITY OF THE
] _kNONFERROUS METALS INDUSTRY

Considering the condition of the nonfer-
FORE metals industry. important factors restric-
tibg the productivity of the nonferrous metals in-
dustry are analysed as tollows in terms of mineral
Fesofrees., structures. quality and mechamsins.

3.1 Mineral Resource Fuctors

3. 1.1 Poor Mineral Resources

Quite a lot of nonferrous ore deposits locate
in regions of bad natural conditions making
them difficult to exploit now. In most nonferrous
metals mines. the environments for production
are very bad. so the equipment ubrasion and em-
plovees’ labor consumption are high: communi-
cation is difficult: hydrogeological conditions are
complicated: and relevant public facilities are
insutficient. So the production input of lubour.
capital and matertals i mines are higher than in
other enterprises and so is the ¢ost.

Mining productivity depends on ore deposit
characteristics in defferent degrees. The techno-
logical and economical indices and productivity
of open pit mines are higher than those of under-
ground mines. However. the China National
Nonferrous Metals Industry Corporation has
only {3 open pit mines. which account for 43.3%,
of the total mines. This restricts the mprovement
of mining proctuctivity. Mineral resourses are a
spectil factor influencing productivity m nunes.
The muieral resourse to be exploited dinunishes
with the amount of ume. it is exploited und the
production  capacity  fnally  vanishes. 58.59%,
nunes were built in and before the 1930's accord-
g to statistical data on 82 mines. The lTabour
mput  usually reaches a maximum for those
mines which are i middle and late exploitation
pertad. The increase of human labour and mate-
rial labour per unit product and the reduction in
net production act upon each other. thus making
the productivity decrease drasucally .

The influence ol mineral resources as the
productivity of the nonferrous metals industry
demonstrate that production in the nonterrous
metals indusstry 1s different from other industries
and these factors restrict the improvement of the

productivity of the nonferrous metals mdustry.
3.1.2  Low level ol'explotlition

[n China. mineral resources are. in fict. {ree
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input in mineral production, which has caused
serious waste i mining and consumption. For
example. the average ore grade of copper in
China’s mines is 0.67% now. while the average
ore grade of copper in concentration plants is
0.81% which means mineral resources wasted by
mining rich ores but giving up poor ores. The av-
erage actual recovery of capper tn concentration
plants was above 86% in 1949~ 1989. But it was
onlv 81.83% 1 1990.

In recent vears. many nonterrous metals en-
terprises have worked hard on synthetic utiliza-
tion of all kinds of intergrowing and associated
valuable elements. and have emphasized in-
creasing recovery so that contributions have been
made in economic growth. For example. all four-
teen kinds of valuable elements in the Jinchuan
Nickel Mine can be recovered. In the concentra-
tion plant of the Jianxi Copper Corportion. gold.
siiver. molybdenum and sulphur can be synthe-
tically recovered and the resulung benefits ac-
count for one quarter of the total sales mcome.
But in China nonferrous mines the level of svn-
thetically utilized valueable elements s still very
low 1 general. According to uncompleted staus-
tics. the associated valuable elements in China's
nonferrous mines only 32 elements can be recov-
ered. The recover capabilities in different mines
vary constderably.

The synthetic management of "three was-
tes” is a very important problem for improving
the environment. It is also one kind of synthetical
utilization m a generul sense. There are many ex-
amples in China nonferrous metals industry.

The degree of recovery and ulilization wi-
sted and miscellaneous nonferrous metals in
China are much lower than those in other coun-
tries such as the USA and former USSR. In the
USA. the regenerative aluminum is 26.4%, of the
origimal aluminum. while recovery ol copper and
Pb are 34, and 179.2% respectively. 1n the for-
mer USSR. zine recovery i1s 13% ol 1its onginal

amount. and Sn recovery i1s 21.8%. However. the

smelting capability for recovering wasted and
nuscellaneous nonferrous metals in China is only
293.000 tons which is 10.3% of the smeluing ca-
pability ot Al. Cu. Pb. Zn. Ni. Sn. Hg. Mg and
Ti. Regenerative aluminum each vear is less than
10.000 tons which accounts only 1.2% ot its orig-

inal product quantity:.

3. 1.3 Chaotic Management ol Resource Ex-

ploitation

In recent vears. a Chaotic situation existed
in the management of mining nonferrous metals
resources. Stimulated by some short term eco-
nomic benifits. local governments. some collec-
tive and private owners set up many small mines.
concentration plants. smelteries and f{actories.
Many of them were repeatedly built. Meun
while. a lot of private miners rushed into muany
state-owned mines. where they not only exca-
vated ore but also stole and plundered mineral
products and production installations. Untort-
unately. the situation is still serious. In recent
vears. quite a humber of mineral products of the
local enterprises are purchased from the privuie
owners. whose mining techniques usually serious
wastemineral resources. The recovery of Sb from
mining. processing and metallurgy 1s 78.7% m
state-owned, enterprises and 50% in local enter-
prises, but only 20%—30% in private enterprises.
the average recovery ol copper from mining and
processing 1s 70.5% in state-owned enterprises
and about 60% in Jocal enterprises. The private
dispose of 8 to 10 tons of original ore 1n order Lo
obtain 1 ton of copper ore. The case 1s even more
serious in woltramite mines. In some country-
town and privately owned mines. the recovery
through mining and processing is only 20—30",.
According to the statisties from 10 woltramite
mines in Jangxi province. the annual waste of
tungsten s over [0 (housand tons.

Our population is large and mineral re-
sources are limited. Therefore. it is a strategic

problem (o develop. exploit and utilize mineral
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resources reasonable and to save as much nonfer-
rous metal as possible.

3.2 Strucrure Factor

3.2.1 Most enterprices have small production
scales

A research of the economical production
scale of electrolvtie aluminum shows that (1) an
economical scale for an electrolytic groove series
whose current intensity is 60~ 75 kA. is 25~ 30
thousand tons. and (2) an economical scale for
electrolytic groove series. whose current intensity
15 160~ 180 kA. is 10 thousand tons. According
to these standards. 52 small or middle scale fac-
tories have not yet reached proper scales of
economy except for 10 aluminum factories
whose production capacity is 42% of the whole.
The situation in the copper. lead and zinc indus-
tries are similar to aluminum. This is an impor-
tant reason for the low productuvity of the nont-
er- rous metals industry. In addition. small scale
enterprises cannot reduce production costs by
taking udv‘antage of technologies of scale. prod-
uctivity of scale and operation scale. so their
technology and economic indices are worse than
large enterprises of the same type.

Nonferrous metals industrial production is
swtable to continuous production. However,
there are only 13 combined enterprises in the
China National Nonferrous Metals Industry
Corporation (CNNC) which consists of 157 en-

terprises: the rest of the CNNC. including 69
mines. 25 smelteries and 14 metal processing
factories are not combined. This kind of individ-
ual organization is. in fact. a loose cooperative
bedy. which is unfavourable to improve produc-
tivity. First. it’s unfavourable to reduce costs. be-
cause the head of each factory is forced to put
much of his or her attentions to administrative
toutines. Secondly. there are only a few com-
bined enterprises. so the benefits of integrative
#fe not good. Thirdly. independent enterprises

on a snmall scale do not have ability to collect
much capitals to exploit new technology.

322

Product Structure 1s Unfuvourable for
Improving Economical Protit

In 1990. China imported large quantities of
copper and aluminum materials. But in the same
period, much of China’s processing ability was
left unused. The surplus production ability and
product structure which couldn’t meet the na-
tion’s needs are in sharp contradiction. In the
tungsten and molybdenum industries. how to
improve quality. increase types of products. and
deeply process are also important problems. In
fact, the exploitation of new products for high
profits has great effects on the improving prod-
uctivity of the nonferrous metals industry. For
exampie. in 1989. Shan Dong Aluminum Facto-
ry produced 10 thousand tons of a special type of
aluminum oxide. and obtained almost 10 million
RMB Yuan protit, which is much more than
that of common aluminum oxide.

3.3 Quality Factors

3.3.1 A Large Portion of Obsolete Equip-

ments

In general. the technological equipment of
the nonferrous metals industry 1s obsolete. First.
most equipment is old, while new equipment on-
ly account for one third in the whole industry
and only 29.2% in state-owned enterprises. New
equipments in the China National Nonferrous
Metals Industry Corporation (C N N C) in the
1980’s was even lower of 26.35%. The ratio be-
tween the net value of fixed assets and their orig-
inal value (hereafter termed as coefhicient of new
degree) often used to judge whether an equip-
ment is new or old. From this point of view, our
equipments is seriously old. For example. the
coefficient of new degree of the nonferrous met-
als industry only increased 1% from 1980 (65%)
to 1990 (66%) while tolal investment increased
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60%. By the end of 1990. there were 22 midde
/ large nonferrous metals enterprises accout for
40% of total enterprise number with a coefficient
of new degree lower than 40%. Among other.
some mines have a coetficient of 18%. Shen
Yang Smelting Factory’s coefficient is 38.7%.
Northeast Light Alloy Processing Factory’s
coefticient is 38.4%: Fushun Aluminum Fac- to-
ry’s 1s 37%. and Dajishan Wolframite Mine only
7.30/0.

It is universally accepted that equipment is
one of the basic factors influecing productivity.
More attention must be paid to equipment in or-
der to improve the productivity of the nonfer-
rous metals industry.

3.3.2 Employees’ Quality Has to be Improved

Considering the structure of emplovees m
the nonferrous metals industry. the portion of
non-productive employees is too high. Workers
account for 64.8% of the total numbers. This
figure is 10.8% less than the national level. which
means that non-productive employees occupies
an unusually high portion of the tolal employees.
The high portion of non-productive employees 1s
the result of both present characteristics and
management svstems in the enterprises.

Analyzing the age structure of the employ-
ees. one can find that young employees. whose
ages are below 35, accout.for 59.3% of employ-
ces. which is 5.2% lower than the national aver-
age. As to the cultural level of education of the
employees. 4.4%, of them have had higher educa-
tion. 22.6% have had primary education. and
4% are illiteratre. So modern equipments cannot
be tully exploited.

The quality of employees is a decisive factor
in productivity. Many problems existing in Chi-
na’s nonferrous metals industry. such as inef-
fective management. bad product quality. inethi-
ciency and so on. are related to the quality of the
employees. The improvement of employee quali-
ty 1s of great significance for raising productivity.

3.4 Mecharnisin Factor

3.4.1 An Efticient Operation Mechanism Has

not Formed

As an economic body. CNNC hasn’t been
operating independently.

First. the national production demand is
too heavy. For example. in 1990 the instructed
output of copper. aluminum. lead. zinc and tin
accounted for 63.1% of their total output.
Secondly. the prices of the products which were
part of the instruct output were too low. which
resulted in deficit in many enterprises. Thirdly.
nonferrous metal products were centrallv dis
tributed by adminisiration of goods and mualter-
ial. resulting in the production factories being
unable to communicate directly with customers,
This is the reason wliy some enterprises have not
tormed tlexible operation mechanism and devel-
oped new products according to market dema-

nds.

3.4.2 The Current Contracting out System is

not Perfect

Since 1984, the central government estab-
lished fixed ratio financial contract with the
CNNC. According to the operation conditions
of various enterprises. CNNC concluded 8 dif:
ferent kinds of contracis with its subcorpor
ations. Since 1986, the CNNC. has been directors
(or managers) objectively responsible policies
and connected their total saliuries with benefits.
The implementation of contracting policy has
sped the development of production. and greatly
raised profits and revenues. The government has
also increased its financial mcome and lett more
profits tor the enterprises. The incomes of em-
plovees have also increased. However. the cur-
rent system 18 not perfect. For exumple. enter-
prises are hardly able to surmount their short

(To he continned on page Ne 94)
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nace has an estimated volume of about 50
m’and a daily production of 0.5 t pig iron. It is
also' noteworhty that hmestone was used as
flux and charcoal as fuel / reducing agent at
the iron smelting. From the appearance of iron
slag in glassy or massive form in the sites. it
seemes that the slag had good fluidity. The
composition of pig tron was C 4.0wt.—% .Si
0.2twt.—% .Mn 0.21wt.—%.P 0.29wt.—~% and
S 0.09]1wt.~%.

3 CONCLUSIONS

The molten salt and slag in ancient China
were an important part of copper smelting.
bronze casting. bronze weapons manufactur-
ing, 1ron smelting. glaze and glass making.
This paper is a survey of ancient and present

literature. and archacological data. The author
thinks that similar study should be carried tur-
ther.
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term behaviour according to the current contrac-
tion policy. The ratio of protits kept for enter-
prises decreased continuously which negatively
aftected their ability of capital accumulation and
the development of enteaprises. All these factors
have restricted productivity.

3.4.3

The Operation Mechanism of the Enter-
prise Has Defects

The operation Mechanism is a factor of
productivity. In order to reform the inner opera-
tion mechanism of the enterprises. which 1s not

proper for the improvement of productivity. the

current labour system. personnal system and dis-
tribution system must be mproved. During re-
cent vears. the CNNC established a series of nec-
essary policies. such as connecting salaries with
profits and revenues. assigning directors by an
objective system. reducing the statt. eic.

All these reforms have had positive effects.
However. there still exist many deep seated prob-
lems within the enterprises. Optimal mechanisms
inside the enterprises should be built: the activity
of employeers should be mobilized: and produc-
tivity should be improved etficiently.

(To be continued)




