Productivity in industrial

inorganic chemicals

Output per hour il’lpro’veinehts were retarded
by slack demand; economies of scale could not

be fully exploited, but cutbacks of less
efficient plants, together with techmcal
advances, ; bolstere_d productivity levels A,

HORST BRAND AND ZIAUL Z. AHMED

As measured by outp - per hour, product1v1ty in the inor-
ganic chemicals industry temained virtually unchanged be-

tween 1972 and 1986. By comparisor, output per. hour in -

manufacturing, as-a whole rose:at an. -average annual rate of
2.7 percent over: the period. Neither output of the industry
nor employee hours changed sagmflcantly over. the 1972-86
timespan—the long -term: trends wete: essentlally flat,

The absence of any long—term 1mprovernent in productiv- k

ity did not characterize all of the industry’s comporents. In
the manufacture of alkalis (mostly caustic soda) and chlo-
rine, productivity rose 3.2p percent a year, reflecting a de-

cline ‘in output and an even greater decline in employee .
hours. In the manufacture of inorganic pigments, productiv-
ity 1mproved at an-0.9-percent annual rate;- here, too, the

" long-term gain resulted from recedmg output and hours. In
the largest group of inorganic chem1cals——1nclud1ng most
basic or commodity and large numbers of miscellaneous

chemlcals—productwrty declined slightly,. by 0.2 percent a -
year. Here, output tose, as did employee hours; if ata

‘somewhat higher rate than output.
+Thei morgamc chemicals industry converts certain nonfuel
minerals and gaseous flui
specifically formulated mixtures, generally used as interme-
- diates in the productron of final goods One characteristic,
“particularly of large plants, is continuous processing, and
relatively “very little direct labor. (is) used” in the mdustry

‘Value added per producuon worker has been roughly twice

Horst Brand and Ziaul Z. Ahmed are economists in the Division of Produc-
tivity and Techriology Stidies, ‘Bureauof Labor Statistics.

ds. found in the atmosphere into

= rately.
_fied”"by the Bureau of the Census.

that for all manufacturing, and the ratio of fixed assets to
employment has been 3 to 4 times as high; bespeakmg the
capital intensity of the industry.* :

: The, longer term-trend in the mdustry ) productrvrty ex-
h1b1ted two phases Between 1972 and 1979, productivity
grew at. an average annual rate of 1.2 percent, ‘with output
rising at a rate 2% times that of employee hours. Capacity
ut1llzat1on rose, hlttrng a high of 84 percent in 1979. How-
ever, from 1979 to 1986, productmty, although marked by
sharp year-to-year swings, slowed t0 0.9 percent a year with-

‘both output and employee hours fallmg slightly. Capacrty

utilization receded to as low as’ 62 percent. > A

The following tabulation indicates the product1v1ty trend
and its phases for the mdustry as a whole and for its compo-
nents (see also tables 1tod):

Average annual rates ( percent)
1972 86 197279 1979-86

Inorganrc chemrcals .'1 03 12 09 R
Alkalies and chlori 3.2 4 7.8

Inorganic pigrnents“, .9 -1.7 4.4
Other basic and ‘ i
miscellaneous inor- L

ganic chemrcals IR =2 20  -18

v All manufacturmg Q, v 27 , 19 35

* NortE: In this.and the followrng tabulations, inorganic chemrcals exclude
government-owned plants and include industrial: gases; not shown sepa-
“QOther” inorganic chemicals is a category “not elsewhere classi-

33



MONTHLY LABOR REVIEW March 1988 o Productivity in Industrial Inorganic Chemicals

As the tabulation suggests, the: produc.tivity‘ performance
of the industry was dominated by the “other basic and ‘mis-

cellaneous inorganic chemicals” group, which accounted for-
two-thitds of total industry employment. During the 1972~
79 period, the comparatively weak showing of the alkalies -
and chlorine and of the industrial pigments industries con-

trasted with the -improvement in that larger group; the re-
verse occurred during the subsequent timespan.
* Year-to-year swings in output pef hour in the industry
ranged widely, between a drop-of 17 percent (in- 1972) and
-a spurt of nearly 13 percent in 1984. Year-t o-year losses in
productivity were related to output declines accompanied by
lesser declines, or even increases, in hours. This pattern was
especially marked by the “other basic and miscellaneous
inorganic chemicals” group, whose volatility exceeded the
overall industry avetage. Here, ‘'year-to-year ‘movements
ranged from a drop of 21 percent (1n 1980) to a gain of 12
percent (in 1984).°

In 1986, the mdustry sproduCtivity ran 12 percent above

1972, but had not regained the peak of 112.2 attained in
1979. The “other” group’s productivity still ran 12 percent
below its 1979 hlgh ‘By contrast, output per hour in inor-

ganic plgments had climbed 16 percent above its previous
high in 1974; in alkalies and chlorine, the 1986 productrvrtyf :

level had. soared 56 percent above the. earlrer (1980) peak.

Demand and output

- Inorganic chemicals “embrace all substances, except hy-
drocarbons and- their derivatives™ (that is, petroleum, coal,

and natural gas.) Petroleum and natural gas are the funda-

mental feedstocks of Jorganic: chemicals and of such produicts
as plastics. Inorgamc chemicals often enter as intermedi-
ates in the production of « organi micals.S The inorganic
chemicals industry. generally obtains its raw materials from
Ammerals other than’ fuels, and from fluids (including the
atmosphere and its gases). Together with.many "organic
chemicals; inorganic chemicals are used.throughout manu-
facturmg as intermediates, the total value of their intermedi-
ate use being exceeded only by petroleum and natural gas,
and petroleum refining.” The end uses of the more important
inorganic chemicals are listed in exhibit 1.

’ Between 1972 and 1986, there was little change in output
of inorganic chemrcals but its long-term trend, like that of
productivity, displayed two dlsunct patterns. Between 1972
and 1979, output tose at an average annual rate of 2 percent;

thereafter it declined by 0.3 percent a year, ‘reflecting the
cyclical downswmg of the early 1980’s. Toward the mid-
 but did not reach the high levels of

1980’s, outputrecove[
the late 1970’s. The “ot
ganic chemicals”’ group.
1979 (6.4 percent annually),
subsequently, wii
percent - annual ‘dr
following tabulation

r basic and miscellaneous inor-

ngs are summarized in the
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,_'If‘norganic chemicals ...... -0.1- 20.

ew strongly between 1972 and
but their: output trend reversed L
86 span witnessing a 1. 8-

Teble 1. Produetlvl end related Indexes for Induetrlel In-_
organic ehemleele, 1 72—36 :
[1977—1001
- Ouput per empioyes hour | _Employes hours
r | Produc - e
v | | e v | | PRan oo
S ) employees | works | employees | ‘work: |
ors | Workers | ors wodten
A %7 | 1035
1973 .. 1021 973 | ‘138
1974 ... 11041 1012 [ 1107
1975°... | - ..865 883 | 828
1976 ...0 7 944 | 969 | 807
1977 ., 14710000 | 1000 | “100,0
§1978..... |- 1026.7] 1029 | 1019
19790 1122 123 | 1121
1980 ... 943 | 980 | 874~
Cfoieetl o914 | 060 828
ez |- 88370 918 | 766 i
T rgs3, .o 942 0 0010 o) 824
1 1984 .| 1080 | 1935 |91
1985 o101 1026 |- 1110 “sg2:
1988 Lol 1004 1 1172 | Cesa |
k ‘ kkAvengeennuelmeeof
1972—as 03 11 -14
1980486 | . 44 49 36

Average annual rates (percent)
1972-86 1972-79 1979-86

S R

- Alkalies and chlorine .. -2.7 -6.0 79
Inorganic pigments .... -2.00  -42 1.0
‘Other basic and” :
- miscellaneous inor- :

ganic chemicals ..... 1.4 6.4 - -18

“The break in the industry’s output trend in 1979 parallels
a break in the output measures for some major selected

industries which are users of inorganic chemicals, and for

which the BLS calculates the measures. 8 For example, output
of steel, a large-scale user of such industrial gases as oxy-
gen, and Wthh had been stable during the earlier (1972-79)

. period, declined by 6 percent annually over the later one
(1979-85). Soap and detergent production, ‘an important

outlet for phosphates, having risen at'close to 2.0 percent

- peryear earlier, receded by 1.6 percent later. (Phosphates in
"defergents were banned i in some States during the survey

period, which together with a shift to liquid detergents also

. reduced phosphate consumption.)® Glass containers, pri-

mary aluminum, and organic chemicals, all heavy users of

certain bulk inorganics, showed the same pattern of expand-

ing, then’ contracting output rates over the survey. period.
Following a similar break in the output rate for agricultural
crops—from an average ‘annual rate of 3.5 percent for
197279 to 0.0 percent for 1979-85—production of the
mtermedlates provrdmg feedstocks for fertilizers dropped
from 4.9 percent a year to —0 8 percent :




- Table 2 Productlwty and related mdexes for alkalies and
,,chlorlne, 1972—86
(1977=100] : ,
- Ouput peremployeehour ‘ ' -Employee-hours
5 " { produc- | o | produes| ;-
Year Al tion Nonpro- | Output | Al tion - ';925”'
: . _ - | duction vl | duction
employees w:: - { workers : employees ":,':‘ workers
1972, 1021 967 | 176 | 1142 | 118" | 1181 971"
1973 ... | . 1020 954 | 1215 | 1163 | 1140 ‘| 1219 95.7
1974 ...| 1133 .| 1074~ | 1298 | 1336 |~ 1179 1244|1029
1975 ... 900 878 | 954 | 1002 [ 1214 | 1244 | 1145
1976 ...] 980 100.2 932 |.1121 11444 1119 | 1203
1977 ... 1000 1000 | 1000 | 1000 |- ' 100:0 100.0.°| 1000
1978 ... | - 1066 105.7 -} 1085 | 99.1 93.0 938 | . N3
1979 ...| 1073 10937 | 1048 | €83 633 [ 625 " 652
1980 ...| 1154 119.9..| 1058 | 675 585 56.3 638
1981 ...| 953 979 | 899 | 612 64.2 625 | 681
1982 ... 1008 1042|937 | 638 633 | ‘6127 est |
1983 ... | 127.1 .| 1296 | 1216:| 793 | .624 612 652 - .
1984 ... 1463 142711552 | 945 64.6 66.2 609
198500 1474 1 | 1461 | -150.2 - | 102.3: 69.4 - | - 700 68:1 -
1986 ... | 1798 | 1822 | 1747 [ 1013 563 . | ‘556 58.0
Average annual rates of change (peréem) i
‘1972-86 | . 32 37| c2a | 27 {520 | ~820]. 47
1980-86 136 128 153 | 125 | -10 -03 -25
'Employment

: 'Wotkers employed in the morgamc chem1cals industry
(excludmg Federal Government plants) numbered -about
73,000 in-1986, 3 percent below the 1972 level, and 11
percent lower than in 1980, the last peak employment year.
Employment tended to decline at an average annual rate of
0:3 percent over the study period, but all of the decline
occurred over the 197986 span (at a 1.2-percent annual
rate). Employee-hours evidenced rate-of-change patterns
closely akin to employment.

The proportion of production workers in the industry fell
from 68 percent of total employment in 1972 to 62 percent
in 1982.19 In 1986, the number of productlon workers ran 13

percent below the 1972 count, and 17 percent below its 1980

peak. By contrast, nonproduction worker employment,
which had expanded by 20 percent between 1972 and 1986,
barel: retreated only 7 percent from its earlier peak. The
high proportion of nonproduction workers in the industry
has resulted from higher-than-average proportlons of jobs in

managenal and management-related positions, and in engi+ -

neering and- technician occupations. According to BLS data;

these three categories accounted for 24 percent of the indus-

try’s total employment in 1984, comparedto 15 percent. for
manufacturing as'a whole.
_ Blue-collar occupations in the industry appear to be more
highly skilled than in manufacturing generally. In 1984, 30
percent of the employees in inorganic chemicals worked as
blue-collar supervisors, construction trades workers, me-
chanics, installers and repairers, precision production work-
ers, and in plant and systems occupations. The comparable
proportion for manufacturing was 20 percent. Twenty per-
cent of all employees worked in less skilled occupatlons——

chemical equipment controllers, :operators and -tenders,
welders, and helpers and laborers; the correspondmg figure
for manufacturing was 43 percent.!!

Average hourly earnings in the industry rose faster than
the manufacturing, average—running 20 percent above the
average-in 1972, and 34 percent in 1985. During the survey
period, female employees share of employment doubled, to
18 percent; in manufacturmg, their employment share rose
from 29 to 32 percent. Accession and separation rates per
100 workers, available only through 1981, indicate a fair
degree of stablhty in the stability of the industry’s work
force. The rates were only about two-fifths as high as for
total manufacturmg, and point to the industry’s ability to
retain experienced workers, (Quits. per 100 workers ran to
only one-third of the manufacturing average) Overtrme
schedules in the industry ranged within consrderably nar-
rower bounds than in all manufacturmg, probably reflect-
ing .in: part the contmuous—process nature .of productlon
schedules :

Capltal investment

The fixed caprtal assets of the morgamc chemrcals mdus-
try are high in relation to employment As noted earlier, in
1982, the value of assets per employee ran four times h1gher
than the comparable figure for manufacturing generally
In the “other and miscellaneous inorganic chemicals™ group,
the ratio was three times-higher. However, the ratio for the
industry as a whole as well as for its component industries
had declined from 1972, when.it had run 4 to 5 times the
manufacturing average. The decline possibly: reflected the
considerably greater reduction in new capital expenditures
by the industry than by manufacturers generally after 1977.

Table 3. Productivnty and related indexes for mdustrlal
pigments, 1972-86
;[19#*—100] : :
1~ Ouput per.employee hour: | Employuhours
- | Produc- § e Produc-{ .~
Year An. | ton |Nonpro-)Ouput) - | “ton |MonEre:
il ) O ol o
1972 ... 132 | 1087 | 1248 | 1213 | 1072 e | o2
1973 ... 1146 {71060 | 1404 % 1306 | 1140 | 1282 | 930
1974 ...f- 1154 | 1103 | 1202751547 | 1340 | 1402 | 1197
[ 1975 .. [ 1042|1055 | 1016 {.1087 |- 1043 | 1030 | 1070
1076, | 71009 | 1022°| o980 |-10ea’| 081 {-1087°] 13-
1977....]. . 1000-. | 1000 | 1000. | 1000 | - 1000 | 100.0 . 1000
1978 ... | 1048 | 1041 | 1066 {1086 | 1017 | 1024 | 1000
1979, .| 1050, | 1044 :|-:4065 [ 1005 |- 957 : {963 | 944
1980 ... 1022 1086 | 899 | 1013 | se1 .| 933 | 1127
1981 ... 1051 | 1180 | 904 .j1019°| 970 %02 | 127
1982+, 967 | 1080 ). 77 | 876 906 |81 1127
1983 ...| 1040 1138 | 69| 9.0 | 894. | 8i7.| 1070
1984 ... 1257 [ 1348: | 1087 | ‘9797 | 779 726 | 904
1985 ... 13271 1443 | 1119 | 1056 796 | .732 | 944 .
1986 ... 1335 »»1471 1103711103 |° - 826 750 ' 1000 |
I S Ayemjomnullmdchnnge(pemm o .
197286 09 21 | =17 | —20| -28 | -390 | -03 .
1980-86 | © 69 70| <68 29 <37 | -38°| -3
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~The companson denved from constant-dollar data, reads as
follows 1, ,

Average annual rates (percent) :

Inorganic chemicals . Manufacturing

1972-85 ..o 02 2.6

1972-77 oo oo 160 51
1977-85 ...... . . =54 0.0

~Levels of real capltal outlays—whleh in this 1ndustry are
overwhelmingly. for equipment, rather than for structures—

peaked in 1977, then fell precipitously; in 1983, they stood

47 percent below their 1977 high. They recovered there-

after; but in 1985, capital outlays still were less than in 8-of

the 13 years reviewed here. As the tabulation shows, the -
amplitudes of the swings in outlays by far exceeded those ~

for all manufacturing. :
* The large increase in the mdustxy ] real capital expendr—

* tures during much of the 1970’s was to an extent fueled by :

relatively high capacity utilization rates; their -subsequent

retreat was occasioned. in large part by ‘contracting utiliza-
tion. Between "1975 and 1980, the ratio of actual to-
uti ization averaged 77 percent;

preferred” or full capacit
between 1981 and 1985, it av

aged 65 percent.'> (The

pattern was similar but:much less ;aCCemuated for manufae-
turing as'a whole.) However, the earlier increases in the
een said also to have,f ~

industry’s real capital outlays hav
arisen ' from erroneous aS”sump ions - about- longer term
demand growth, leading to overexpansron in productive ca-

pac1ty ‘According to -a Brookings Institution study;, “Be--

cause of the several year-long: planmng and - construction
periods for new-chemical plants; large scale state-of-the-art

‘plants, designed to achieve economies of scale and maintain
or increase market share, continued.to be brought on line
even when company officials recognized that demand had
fallen. These plants were then operated below capacity and
thus very inefficiently, production worker requrrements in
such plants belng almost 1ndependent of output levels.”!6

Research and development
The National Science Foundation has categonzed the i m-

orgamc chemicals industry as teclmology-mtenswe on the

‘basis of the high ratio of its R&D to value added.!” That ratio
' ﬂuctuated between 2.6 and 3.5 percent annually over the
survey penod 18 (The all manufacturmg average ranged
. from 1.9 to 2.6 percent.)
It is difficult to evaluat

, ‘focus of the 1ndustry s R&D

the *world st tal, although U. S.em

effort, largely because: exrstlng.,’survey data encompass. the -
entire chemical mdustry, -excepl harmaceutlcals " The

‘ess innovations, whose number was lower than those for the
~ two other infiovation categories combined, increased by 14 -
_percent. It is noteworthy that when compared with 1967 i
13, for which the survey also features data, figures for the
- 1974-79 span represent <declines while the 1980-82 period
. witnessed a- recovery in the ‘average annual data (even
though the levels remained well: below 1967-73).

The innovations. were linked to new chemical products,

~whose annual number rose substantially between 1974-79.
- and 1980-82; and they were embodied in' new equipment
and mstrumentatlon The annual number of pertinent inno-
vations near
latter.?0 Thk, these it ,provements oceurred in the face of -

“doubled for the former, and tripled for the

lagging demand for industrial chemicals may be partially

ascribed to such factors as the large component of scientists

and engineers: emplo‘ ed in industrial chemicals, whose ef-

forts focus on problem‘solving, including problems gener-

ated by the imbalarici ~brought about by the new product
and process mnovatl 21 The intensity of R&D may also
be gauged by the annual rate of chemistry articles published
in scientific and technical periodicals, which rose 21 percent

between the two periods, 1973-80 and 1981-82;?2 the rise.
in the so-called citation ratios for these articles;?> and by the
: 'hlgh proportloniof: articles published-in the chemical engi-

ne United States: acc

ted for 50 percent.of .

cal-mdustry represents but one-third of the total of major
chemicals-producing countries outside the- Sov1et bloc). %

, However,, the number. of patents granted by the: United
 States to. resident inventors in the area of. inorganic and
organic chemistry dropped 19 percent between 1975 and
1981 (yet the number of patents in-this area granted. to

foreign inventors dropped by nearly one-half).?

Table 4 Plinductlvlty and related indexes for industrial in-

organic chemicals, not elsewhere classmed, 1972—86
[1977=100]
Ouputperemployeehour Empley,eehourst,, :
Yoar. | . an- | tion ';:"cgo‘: Output | * -y tion , | Honpro-
|l | v | JCLg| | omomee | v |
19721 eee | 892} 1019 ) a9 | s0s | e | 735
1973 ... | 905 961" ; 1040|807 f 1 819 | -840 716
4974 .. o 40247] 1100.2. [ 1064. |- 888 87.0 886 83.7
1975 ... 840 | 867 | 789 776 | 944 [ 895 984"
1976 ... | 939 970+ 878 | 887 | w45t 9na | 1010
1977 ... ©.100.0 100.0. | 1000 "] 100.0..| . 1000, 100.0
11978 ... | 1014 1019 | 1004 | 1068 7|, (1053 1048 | 1064

A979.... 1. 1146 1147 1145|1203 [, - 105.0: > |--104.9 105.1 -~
90.3 93.8 8371014 . 112011078 120.8

893 | a8 |- 812
7808 - | 857
869 |98
vog78
953




| Exhibit 1. Selected inorganic chemicals-and their. chief end uses . =~ "
" Enduse [ . Ciemical “End use .
Aluminum oxvde ........ FPRRONE N Abraswes = - Lime-. 17" Pollution-control -
: : Refractofies : i i+ Slack:gas scrubbers .
Ceramics .- Sewage treatment -
Electrical |nsulators Acid neutralizer
Fluxes : g Waler treatment
Spark plugs 5 ‘ L
S v o Phosphates . <. .. oo s D e Jlnsectmdalchemlcals -
~Aluminumvsulfate ..., ... PO Pulp and: papermaking “{in sodium oompound) e Scouring soaps and powders‘
G i Treatment of water - 3 e watersofteners B -
Ammoma, anhydrous SO Fertilizers : Phosphonc ackd L e e P Femltzers
; Refrigerant R *.s-, Soap and detergems
‘Fuel.cells and rocket fuel L : Rust proofmg '
Synethetlc fibers g .
¢ < Explosives .. Phosphoris . ... .. v en e e e ~Detergents
. . *. Chemical intermediate = : Beverages
e : : ; N C <+~ Food additives
Calcium chloride . . . Livin i crens ‘Dust control--: ; st
’ L I Highway deicing Potash ........................... Fertiiizers: k
+.Industrial- processing’ g S e
i ; R .Concrete treatment Siicates . ...\ ive s Impregnation of wood and
. : R : . porous metals
. Calciumephosphate’ ... ... W 5 ‘Animal feed supplements o Oil reclamation - .
: R ... Food supplements o . Synetheiic detergents -
800 B ; * * Dough conditioner. 1 < Textile processing
Fertilizers = .- . e +.." "Water treatment
_ Dyeing ofrtextlles : - :
RN i Lo 3 R Sodaash . ..., venl il -Glassmaking g
Caustic $0a. . ..+ i vv i v " Agid neutrahzer ; Puip and papermaking
’ K . F B E:‘rpand paper making - el . Water and sewage -
. roleum refining . . L
Soaps and detergenls ¥ Sulfuric acid . .. v e o ;. Fertilizers v
. . " . e S Petroleum refimng
“Chlorine . Lyl el Chemical intermedliate : Pigments. :
| RS L i *: Water punttcatlon Tron andsteelplckhng
Food processing: - K
S S, Tltanlum oxnde .................... . Surface ooatmgs
Hydrochloncactd .. Activation of petroleum wells - Plastics o
“Boiler:scale removal S |7+ Papet.coatings and:fillings
- -Pickling and:metal cleanlng G RO R ’
Acidizing - - ) . v
Ore reductton ; i ) e
¥~ SOURCES: 'meCondensad Chem:catD:cﬂonary, 10thed (New York Van Nostrand-Flemholdco 1981) Cham:calOnglns andMarkets 5thed Stanford Researoh lnsmule 1977 andBureau of Labor
Statistics. - ¢

Teclmologlcal advances

: Technologwal advancement in. the 1norgan1c chemlcals
industry has to an extént been identified with increases in the

scale of operations. Scale enlargement reduces capital costs -
as well as labor and utility costs per unit of output. Quintup-

ling of sulfuric. acid production,. for example by simply

increasing: the size of pressure vessels pipes, storage tanks,

and so forth, can reduce operating costs by 33 percent.”®

Although efﬂuent problems intensified during the 1970’s,

and costs of losmg business from breakdowns or other inter-
Tuptions. are ‘said. to have become less tolerable,27 there is
ev1dence, in addition to the cap1ta1 spendmg boosts already
noted for the 1970’s,
plants mcreased then. Between 1972 and 1982, the number
of plants w,tth 1,000 employees or more in the “other basic
and mtscellaneous inorganic chemicals™ group rose 27 per-
cent, and the proportion of employment in the group that
these plants accounted for rose from 41 to 48- percent (The
number of small establishments nearly doubled in. 1982,

accounting for 80. percent of all establishments in the indus-
' ' hare of employment 14 percent that year, had
Uged :from 13 percent a decade earher ) Further-

that the scale of operations of chemical

‘more, the average number of employees per large plant rose

by 19 percent, to 2,821 in 1982, indicating that existing
large plants added to thetr employment as they expanded
thelr scale of production.?® .

“The: mdustry also modemized existing. facﬂmes by

retrofitting with updated, largely computenzed equ1pment
 and instrumentation.”® Computers, programmable’ controls,
- computerized sensors for temperature, pressure, flow rate,
- liquid levels, materials analyzers' and other process vari-
 ables have been increasingly diffused. Pneumatic controls
_have ‘been more and more replaced by electronic 81gnals and
‘their appatatus (except in the processing of flammable mate-

rials). Reasons for installing computers in ‘chemical process-
ing.are succmctly stated in the followmg passage: -

Sensmve reactlons nove g fqulpment an'angements,‘

' for usually complex control schemes represent systems © -
SO complex ‘that it is. essentially impossible for the
human mind to conceive ‘or calculate the process be-

~ havior' during, startup or after disturbance away’ fro,m’
steady state. The ease with which the. computer caj
programed by tl e engineer, its speed and accur ‘ins

' solvmg dlfferentlal equatnons and: the mslght it pro-f‘
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" roeess behavior .are three
s of the analog computer i
es. y ~

: v1des as to’ the: ture
~main. reasons for

- the processing md str

immlcomputers and-placed less e

- ing part. of all the larger processmg facilities—not only
~dided in makmg experiments but also suggested them (for

example, in modeling molecular constellations). Also, so- -

called audit trails have been greatly facilitated by comput- -
ord, .
when, how, and by whom test samples were drawn thus i

-ers, making it possible to trace efﬁcrently, and to

helping to satlsfy government and company regulations. 2

Computers have also become indispensable in chemlcal :

engineering. They enable the prediction of the properties of
chemicals with new. molecular structures. They are vital'in
designing process equipment. T hey permit the simulation of

process control. And they help in managing resources.> ..
Large amounts, of engirieering time are thus. economrzed :
roblems which reportedly ‘required up to
500 hours for their solutlon can now be tackled in less than

Some complex

‘half an hour.3* -
Gradual 1mprovements in older technologies relatmg to
established engineering practices have of course also contin-

‘ued. One such practice is “de- bottleneckmg ” The retrofit-
. basic chemicals as sulfunc acid—estimated by"some ob-
- servers-to one-third of 1981 Iévels;*! and as much as 25

- percent of that of phosphonc acid?—older- equipment has

-ting of existing plants with updated equlpment and instru-
ments, noted " already,” ‘often - “Creates imbalances ~ or
bottlenecks in chemical pre kng Hence, the importance
of “de-bottlenecklng a t
review period.33 One techn

maintenance labor. Among higher speed pumps inngvated
during the 1970’ hay
55-gallon drums 1

Relatively few..
changes occurred du
to the products manuf 2
same time srgmﬁcantly re
of output.. Here, two- de
chlor-alkali segment of

tes.?6
n vatlons or technologlcal

y. the mdustry, whlle at the
xeqmrements per unit
s may be c1ted in the

1mprovement be-
e was the replace-

ity barely chang
development wa

nta ing the rrsk of escapmg

e increased over. the-
coping with bottlenecks
has been to install better pumps and valves. That usually
spells improved flow, less corrosion,. thus. also reduemg’

havebeen drum pumps that would empty

portlon of the mdustry‘;sf.pollutlon
technologies. It remams however that “Every tnajorc
The increase in electrolytlcal capac- -
it labor requlrements 37 The other .

E ‘frequlrements 243

mercury pollutlng streams——to one. based on 'dlaphragms
and, subsequently, membranes. The switch saved between

;;,A.;.”_20 and 35 petcent in electrical (electrolytical) energyt38 &

In the mrd—1970’s chemr cal pro cess firms be gan o use - A shift from: “synthetically produced soda ash to natural

phasis on mamframet
- computers.3! Prices of computers continted to decline. Mi-"
croprocessors fot “small” ¢ ntrol problems and for batch
_sequencing: spread throug 2 rocessmg installations.: Perti-
“nent software and laboratory - management systems became i
more w1dely avallable Computers in laboratories—a work- -

- soda-ash mined i in open pits (mostly in Wyoming and Cali-
i forma) and treated by the so-called Trona process was has—
"tened durmg the 1970’s. This stepped—up activity solved the

problem of d1sposmg of the calcium chloride generated by
the Solvay process of manufacturmg soda ash, and the brine

“that process generates which would be d1scharged mto—and
.-pollute—streams. Labor requlrements per unit of output are

lower  with - Trona mining' than ‘with the Solvay ‘process

‘ (transport costs may pamally offset the savmgs) I

Outlook

It is hkely that beyond cycllcal swmgs there Wlll be
flmprovement in the productivity of the i morgamc chemrcals

& mdustxy over, the long term. Such long-term gains may well

be assoc1ated w1th continued small overall i incredses in out-
put being accompanled by still ‘smaller 1n’creases——or
losses—in employment Among technologlcal or-organiza- -

‘tional factors likely to spur productivity are more centralized
‘technical controls’ of plant complexes, facilitated by com-’

paratlvely low- cost computer networks. Also probable isthe .
more closely and efﬁclently scheduled use of processmg
equlpment and the growmg versatlhty in the processmg of
cognate chetm products of whlch such equlpment would
be capable. %

Followmg steep cuts in the productive capacity of such

evidently been rapidly phased out.in Tecent years, and it

- seems probable that such phasing-out will continue for some
,trme This alone would gradually improve capacity utiliza-
tion rates, andtherefore labor productivity,

as more up-to-
date processm equ1pment and 1nstrumentat10n supplant ob- T
solescent faci :

~The question of whether pollution abatement technology

‘ ‘can be mcreasmgly adapted to enhance the efﬁclen ¢ f
ey perlod that were specific - N

services of the Industry (many of whlch however are con-
ducted outside the mdustry proper. although it bears the
costs)—cannot be assayed here. O ly a relat1vely smali :

1ca1 company has a forrmdable array of envnonmentalf

~ Aequlpment usually in an cipation® of uture




- ‘According to BLS projections, employment in the inor-

-ganic chemicals industry will rise 6 percent between 1984

and 1995 if it follows a-“moderate” (rather than-a “low” or
“high”) path. “Among the’ mdustry s ‘major occupational
groups, those of engineers, chemists, and engineering and
science technicians are anticipated to expand more rapidly
than' other groups. Although' these three groups together
accounted for but 14 percent of the industry’s total employ-
ment in 1984, their share of employment growth will be 37

percent. L1kew1se, the growth and share of managerial and
management related occupations will be roughly twice their
1984 employment proportion of ‘12 percent. Much slower
increases are expected for blue-collar jobs. These jobs ac-

counted for almost one-half of total industry employment in

1984, but will make up little more than twe-fifths of em-

; ployment growth by 1995. Large job. losses are prOJected to

occur in-administrative support occupatlons, particularly
among clerical personnel. 44

;;FOOTNOTES—

1 Industnal 1norgamc chemicals are classified as No. 281 in the Standard
Industrial Classification Manual-of the Office of Management and Budget.
sic 281 is composed of four 4-digit industries—sic 2812, Alkalies: and
Chlorine, consisting of establishments manufacturing these two chemicals
and such other related chemicals as soda ash and caustic soda;-sic 2813,
Industrial - Gases, - with : stabliShments - manufactunng suchi - gases as
acetylene, carbon dioxide, oxygen, and others; sIC 2816, Inorganic Pig-
ments, with establishments manufacturing piginents destined mostly for
industiial paints, such as used for automobiles and household appliances;
and ‘sic 2819, Industrial Inorganic Chemicals, not. ‘elsewhere classified,
with establishments manufacturing a wide variety of butk or commodity

chemicals, such as acids, phosphates, potasstums, sulfurs, sodlums (salts),

metallic compounds,-and- catalysts.

sic. 2819-includes government-owned estabhshments, the output and
employment of this part of the industry are excluded from the productivity
and related measures offered here. The productivity and related measures
for sic 2813, Industrial Gases, are not publlshed separately but.are included
in the measured for sic 281. »
 Average annual rates of change presented in tlus artlcle are based on
linear least squares of the logarithms of the index numbers. The indexes
will be updated annually and will appear in the: annual BLs Bulletin, Pro-
ductivity Measures for Selected Industries.

2R Norris Shreve and Jospeh A: Brink, Jr., Chemtcal Process Indus-
tries (New York, MeGraw-Hill:Book Co., 1977), ch. 1.

3 Martin Neil Baily-and Alok K. Chakrabarti. “Innovation and Produc-
tivity in U.S. Industry,” Brookmgs Papers on Economic Activity, 2: 1985,
. 624.

4Bureau of the Cerisus data. The data for. government~owned establish-
ments are excluded here.

5 Baily and Chakrabarti write that excess capacity in the mdustry “brings
about a substantial drop in productxvrty performanee,” p. 615. - -

"6 The Condensed - Chemical Dictionary (New - York, Van Nostrand-
Reinhold Co. 1981).

1U.8: Department of Commerce, Bureau of Economic Analysis, The
Detailed Inpus-Output Structure of the U.S. Economy,, 1977, Vol. I{Wash-
ington, U.S. Govemment Pnntmg Ofﬁce, 1984) :

8 Output of selected mdustnes using inorganic chemlcals on a large scale
are shown below:

Average annual rates of change

(percent)

: ~ 1972-85 - 1972-79 . 1979-85
Steel L iu e e S =33 000 ~-6.1°
‘Painits -and allied products e N 1.9 L4
Paper, paperboard, and pulp .. ..... - 1.8 1.7 1.8
Soap and detergents - . ... e e 1.2 1.8 —-1.1
Miscellaneous plastics. . .. ..., .. ~ 57 6.6 6.2
Glass containers ... ...\ . 50l e 1.1 Lt -3.2
Primary. nonferrous-metals .. ... .. —42 =27 -6.2.
Primary aluminum-, . .......... .. -3 2.5 —-4.7
Aluminum rolling and drawmg cee .9 2.6 |
Agricultural chemical$™ .. ;... s 35 49 - -.8
Prepared feeds .. ... ..o e 2:6 2.4 2.5

14 4.4 52

Motor vehreles, B R (U

Organic chemicals . ....... .00 1.8+ 58
Petroleum refining . .......... ... 00 -3.2 -2.2

* 9 Chemical and Engineering'ﬁews Jan. 26, 1987

10 Refers to producuon workers in the industry’ s pnvately owned estab-
lishment as do all other employment as well as output and productmty data -
in this article. :

The high skill composmon of laborin the mdustry is emphasrzed in the
following:: : :

“The cofiduct of chemical plants requires, as a rule, skilled labor, with-a
limited requuement for ordmary backbreakmg work. Most of the help
needed is for workers who can repair, maintain, and control the various
preces of equipment and instruments necessary to.carry out chemical con-
versions and physical operations. ...(The) chemical industry, by virtue of
4 wider use of instruments and a greater complexity of equipment, requires
more and more skilled labor,” Chemical Process Industries ;- p. ’20

12 Following -are overtime hours in industrial inorganic« ehemicals and
manufacturing, 1972-85.

L o Industnal e S
Year morgamc chemtcals . Manufacturing
1972 ........ R R 95
1973 v ai i e i i 106 103
<1974 LG v B e e SRR & © ISR S 890
A975 e .. 86 e 70
1976 .......... e e e e 103 "84
PO 1 7 i RCTR W e e 1000 S 1000 -
1978 . uv s e e e vei 94 C 2103
1979 civinenen el e 97 L 198
1980 ...\ vivevsinecinunsinni. 862 e, 16
1981 ..., e s 91. 76
1982 ...... . .., . i, 86 : R I R
1983 ......, RIS SRS SN . & IR CL 8L
1984 ... o 94 . 92..
1985 v uiimrn s v 9% 89

13 Data and discussion exlude government-owned establishiments.

14 Deflator from table B-3, Economic Report of the Preésident, January
1987 (implicit price deflator, total nonresrdenttal gross private domestic

’mvestment)

13Us. Department of Commerce, Bureau of the Census, Survey of
Plant Capacity, 1985 and earlier years.

16 Baily and Chakrabarti, p: 624,

17 National Science Board, Sc:ence Indicators - The 1985 Report (Wash-
ington, U.S. Gopvemment Printing Office, 1985), p.-197.

18 National Science Foundation, Research and Developmem‘ in Industry ,
1984 (Washington, U.S. Government:Printing Office, 1985), p. 34. .

‘19 However, “other’” chemical industries; including sic 284,5 and. 2874-9
are much less research-mtenswe than: mdusmal ehenucals .See footnote 18.

.20 Baily andChakrabartl p. 616. .

21 See Richard C. Levin, “Techmcal Change and" Optlmal Scale Some
Evidence and Implleatlons,” Southern Economic Journal, October 1977,
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: MONTHLY LABOR REVIEW March 1988 . Productzvzty in Industr al Inorgamc Chemzcals

g The echno]ogy 1tself generates concrete . 33 Chermcai Engmeermg News Oct 1 1983, p 31

2 Eurastat Emplayment and Unemploymem Yearbook af Labor Sfans— o
tics, 1982..(Tokyo, Japan, Ministry of Labor, 1985) _ ;

25 Science Indicators, p. 25:
‘ 2‘5‘Levm, p. 213

‘ estabhshments in the mdustry
2 Chemical and Engmeermg Newx 5 ec,

. 1974, p. S2T.
2 Chemzcal Engmeermg News Aug 19 1985 p. 21ff.

;"

3t Chemzcal Engmeermg News, Sept. 16

Complete k\,output‘: data are avallable only in- years for
: 'whlch a: Census of anufactures is taken (such a5:1972,

qulte so complete Therefore these
0 census: year data ‘

, € ;br any ‘V'other single
the _]Oll’l ef ects of factors such




