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Petrochemical guide—20

- Vinyl chioride:
how, where,
who—future

Here is how manufacturing methods,
markets, buyers and sellers and
economics affect the future of

) vinyl ciiiviide

David P. Keane, Robert B, Stobough and Phillip L.
Townsend, Harvard University Graduate School of Busi-
ness Administration, Doston, Mass.
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Vinvy cuiormr has 2 snglé important _cnd_-y_sé as
monomer in production of pplyvinyl chioride (PVC) hnd
vinyl copolymers. The U.S. production of vinyl-chioride
expanded at an annual ratf 6I.14 percent during jthe
19605, rcaching a kvel of 4 Billion pounds in 1 and
1871, This increasc has been accompanied by a steady fall
in avcrage F.OB. selling price fromn 10 cents/pound to
about 4.5 cents per pound in 1970 and 1971, As a result,
the imputed value of production has expanded for the
decade at a 6 percent rate to $180 million in 1970.

Polyvinyl chloride and other vinyl copolymers are being
substituted for oldcr saterials on several fronts. Through
replacement of steel and iron in piping, wood in construc-
tion and packaging, glass and paper in packaging, and
leather in clothing, polyvinyl chloride consumption will
continue to cxpand at a rawe of about 10 peacent through
1975 and beyond. We expect 1975 to scc U.S. production
of 5.6 billion pounds of vinyl chloride {VCM). This
monomer will be sold at an average price of 4.5
cents/pound, and production will thercfore be valued
at about $280 million (1971 dollais). Production of PVC
in Europe is cven larger, with 1970 production approxi-
mating 3.3 billion pounds. Europcan growth rates have
also been somewhat higher, with one enthusiastic source
predicting a 1975 PVC production of 9.3 billion pounds.’
In all likelihood, European PVC consumption will gros
less rapidly than in the United States because of the
higher per capita consuinption prevalent in some major
markets in Europe, which inakes growth more difficult,

Manufacturing processes for VCM have changed
rapidly since 1963. Several new cthylene oxychlorinarion
processcs have been cinploved to shut down older accty-
lenc-based production. These large, new processes now
account for over 80 pereent of U.S. eapacity, and the
same process should continue to be employed in expan-
sions through 1975, Recent announcement of an cthane-
based process (TRANSCAT)® has raised the yet-un.
proved possibility of bypassing cthylene eracking entirely,
but even a viable TRANSCAT cannot greatly influence
the pre-1975 VCM business.

This process switch has also resulted in large changes
in the cast of plavers. Tn general, some users of VOMM
have ceased to produce their own monomer, with pro-
duction undertaken by large, integrated producers of
cthylene and chiorine. Dow and B. F. Goodrich are the
largest producers and bave produced VCM for quite a
few years. However, PPG, Shell and Conoco have become
the third, fourth and ffth largest VOM producers despite
not having been in the business in 1963, We expecr this
trend toward concentration of layge VCM plants among
feedstock producers to continue through the next several
plants, .

The PVC business has also grown at a rapid rate clse-
where in the worldl. Beeause of diffienlty and expense of
shipping, export of VCM has usually constituted a linrited

¢\¥o4 W0



VINYL CHLORIDE

market for V.5, producers, with exports during the 1960s
accounting for only a few percent of US. producnon In
1970 and 1971, however a lack of adequate European
capacity caused U.S. VCM exports to increase 1o sowme
15 percent of domestic VCX production. This proportion
will probably return to less than 6 percent by 1975,

MANUFACTURE  _

Most present-day vinyl chloride monomer (VCM)
capacity relies on the so-called balanced oxychlorination
process to convert chlorine and ethylene to VCM. There
are, nonetheless, several older process routes which are
discussed below in the approximate order of their com-

- anercialization.

1. Catalytic additien of hydrochloric acid to acetylene

Activated carbon
+ HgCl.
Hydrochloric acid

» CH. = CHCI

Acctylene VCM

The carliest plants of this sort employed carbide-
derived acetylene and hydrochloric acid derived by com-
busting hydrogen with chlorine. The catalyst for this
addition is mercuric chloride absorbed on a carrier such
as activated carbon. The reaction is simple and of high
yield when compared to subsequent VCM processes,
thereby allowing simple product purification, no sizable
waste disposal problem, and low capital and operating
costs. Carbide acetylene and purposely produced hydro-
chloric acid were gradualiy repiaced with less expensive
petroleum-derived acetylene and byproduct hydrochloric
acid {which also coincided with major relocations to the
U.S. Gulf Coast), but raw material costs remained high
relative to newer processes. Some VCM{ is still produced
with this process, but these surviving plants are very
tightly integrated with other acetylene-related units and
have been gradually disappearing.

HC = CH + HCl

2. Balanced ethylenc/acctylene VCM production

CH; = CH; + Cl: ———— CH. Cl — CH.Cl
Ethylene Chlorine  Ethylenc dichloride (EDC)

CH:Cl — CH, 1 299350F oy mCcHAQ + Hal

There are instances where the first two steps of this
process—chilorination of cthylene to EDC and cracking
of EDC to yield VCM plus hydrochloric acid—have
been applied witliout an acetylene unit. Ethy! Corp. has
applied this technique, with byproduct FICJ used to pro-

duce ethnl chloritle for manufacture of tetracthyl lead

antiknock compounds. Most producers, however, cannot
justify sufficicnt end uses of the HCl byproduct. The
result was the balanced cthylenc/acetylene complex (as
employed by Union Carbide and Monsanto at Texas
City, Texas). Plants were sized so that the acetylene-
based production consumed most excess hydrochloric
acid fom EDC cracking to produce VCMI directly. This
process reduces by half the dependence upon acetviene

as a [cedstock, but no new examples have .been can- |

structed in the United States in the past few years,

- 3. Balanced oxychlorination process

Direct chlorination
CH; + Cl; ——— CH;CI

Chlorme EDC

CH,; = CH,Q

Ethylene

Onxychlorination
CH, = CH; + HCl + 10, = CH,Cl — CH,C1 + H,0
Ethylene EDC  Water
Cracking
cHicl—cH,a 2090, oy, o cua + Ha
EDC vCM

The difference between these processes and the earlier
uses of EDC cracking is the sccond reaction above to (1)
prevent exporting a large HC1 byproduct and (2) elimi-
nate the nced Jor acetviene-feedstock. This reaction Is
essentially a variant of the Dcacon process to convert
HCI to more valuable chlorine.

2HCA+ 1O Cl + H:O

While the Deacon process has not been a commercial
success because of technical problems wwith corrosion and
product purification expense, oxychlorination has over-
come these problems by immediately capturing the
chlorine in situ 1o form EDC. The combined EDC streams
are then cracked and the resultant HC1 recycled to close

EDC VCM Hydrochloric acid the loop. As mentioned above, most presently employed
HC=CH+ HCC CH: = CHQ processes—including Goodrich, Dow, Stauffer and PPG—
Acetylene Hydrochloric acid vCM use some variation of balanced ‘oxychlosrination. :

ETHANE V%MCT
CHLORINE_|  TRANSCAT VINYL CHLORIDE | PRODUC
AR SYSTEM T SEPARATION |
—_—-yd
- r 1 | HCl RECYCLE

DICHLOROETHANE RECYCLE

CHLORINATED COMPOUNDS 8 TARS RECYCLE

Fig. 1—Viny| chloride monomer process via athane as oflored by Lummus/Armstrong.
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4. Single-step chlorination and :cracking of ethane
{TRANSCAT process)

molten

CH;—CH,* 7~ CH: = CH,
Ethane Ethylene
CH: - CH: + Clg CH: C[—CHg C]
Etbylene Chlorine EDC
CH: CI—CH: C! ng—“—» CH,—CHC! + HCl

EDGC VCM  Hydrochloric acid
2 HOl + } O, molten salt Ol + H.O )

The recently announced TRANSCAT process involves
the development to a pilot stage of an cthane-based route
which foregocs the scparate purification of ethylene (sce
Fig. 6-1}. Ethane, chlorine, air and excess hydrochloric
acid (if desired) are fed to a molten salt bath with an
extremely short residence time and a high temperature,
where all of the above reactions apparently occur simul-
tancously. The potential licensors (Lummus/Armstrong
Cork) claim above 953 percent VCM yield on chlorine
and 80 pereent VCM yicld on cthane fed. riven more
chemically revolutionary is the claim that chlorinated
wastes which are produced may be partially recycled to
the reactor to result in additional YCM, The indieated
cconomic advantage (sce “Economics”) of cthane as a
feedstock might make this the VCM process of the

Fig. 6-2—Vinyl chlotide by oxychlorination by B.F, Goodrich,
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future, should the process prove to be commercially
viable.

Popular VCM processes. While oxychlorination hasieen
the process route chosen for all recent VCM plants in the
United States and most of the rest of the world, this has
not decreased the competition among diffcrent processes
and licensors. There are several competing processes which
have demonstrated their commercial feasibility. The fol
lowing three oxychlorination processes—on which signifi-
cant information has been published—are representative
of most manufacturing facilities.

1. B. F. Goodrich oxychlorination (Radger). This
process was the first successful oxychlorination process
(1963), with the initial 400-million-pound/ycar unit in-
stalled at Goodrich’s plant in Calvert City, Ky. There
are about 8 plants which utilize this process, having an
aggregate capacity of about 4 billion pounds/ycar.?

.As is true of all balanced oxychlorination processcs,
the over-all material balance involves fceding ethylene
and chlorine and production of vinyl chloride (sce Fig.
6-2). Yiclds arc certainly in the 90 percent range (and
may exceed 95 pereent) on both primary feedstocks. The

".yield losses involve production of light and heavy cnds

which boil above and below EDC. These byproducts
consist primarily of C, and C: chlorinated organics, some
of which are suitable as feedstocks for production of
chlorinated solvents (carbon tetrachloride, perchloro-
cthylene}, while the balance require disposal.

The first of threc scgments of the process is direct
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VINYL CHLORIDE

addition of chlorine to ethylene to produce cthylene
dichloride (EDC). This reaction is.essentially stoichio-
mictric in both rcactants, with chlorine vsually maintained
in a shight excess. The reaction is liquid phase with a
dissolved catalyst and mildly exothermic, Reactor tem-
perature and pressure are controlled by cooling water
heat removal. Following the reactor, the EDC product is
fed to a two-step purification train to remove light and
hcavy ends {the same train processes twa other EDC
streams). . -

The second major opcration consists of cracking EDC
to produce vinyl chloride and anhydrous hydrochloric
acid. The cracking occurs at 900-1,000° F in a dircet-
fired furnace which is packed with a catalyst {pumice
has been a traditional choice). Conversion of EDC s
typically in the 50-G0 percent range to optimize the

costs between coking cycle, utilitics cost and yicld. The

hot product gases arc quenched by direct contact with a
condensed recycle stream of the same composition, prior

" to fractionation. In the HCI column, anhydrous HCI is

removed overhead for use in the axychlorination unit.
The VCM column produces VCM as an overhead prod.
uct meeting finished product specifications, and produces
a recycle EDC stream of unconverted EDC, This stream
is purified in the common EDG columns prior to recyel-
ing to the cracking furnaces. The purification step is
required to prevent fouling of reaction surfaces in the
cracking furnace. '

These two previous process sections offer relatively
little advantage aover older processes—they constitute an
unbalanced EDC cracking operation {such as practiced

.
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by Ethyl) which produces FIC] as a byproduct. The third
section of the B.F. Goadrich and other oxychlorination
processes imvolves conversion of this excess HCI 10 EDC,
Alr, cthylene and TICl are charged to a fluidized catalyst
bed at a moderately high temperature and somewhat
clevated pressure. The reaction to produce EDC {given
above) yields water byproduct, which is rcjected as the
product vapor is condensed. The first step of condensa-
tion produces a crude EDC product, while the gases
{primarily diluent nitrogen) must be fed to a secondary
absorber to recover a second stream of EDC by absorp-
tion/stripping. The tail gases are vented, while crude
EDC is fed to the common EDC finishing train.

The oxidation of HCI to Cl, is highly exothérmic and
the subsequent addition of Cl. to ethylene is mildly exo-

- thermic. As a result, the oxychlorination reactor, is

cooled by gencrating steam, which brings the whole
process closer to self-sufficiency on steam supply.
The net effcct of this crucial section is thus the con-
version of HCI, ethylene and air to a VCM precursor,
While the process is depicted as balanced, design and
operating changes allow any individual plant to produce
or accept cither HCI or EDC as local conditions warrant.

2. Toyo Soda oxychlorination {see Fig. 6-3). A pro-
cess very similar to that of B. F. Goodrich has been
employed in several Japanese plants. The essential de-
sign differences appear to be: (1) the usc of a fixed bed
reactor for oxychlorination, as apposed to the B. F. Good-
rich fluid bed; {2) use of a hot oil reactor eoolant and
external steam generation, and (3) incorporation of a
specific EDC dehydrator column not shown in the B, F,
Goodrich publications. None of these differences are
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) major; the processes should be roughly competitive based
upon published data?

3. Stauffer Chamical oxychlorination. This is again
very similar to the carlier oxychlorination processes.
Minor changes in the routing of streams, small differences
in catalyst performance, and featurcs of the mechanical
design are all that differentiate between the published
information for this process and the previous two. It is
notcworthy that Stau{Ter published an cstimate of 3.7
billion pounds/year of \myl chioride capacity in 17
plants utilizing this process.$

4. Monsanto oxychlorination. There are several licen-
sees for this similar process.®

5. Dow oxychlorination. Only Dow and foreign sub.
sidiaries have used the Dow VCM process, and no indi-
cation of a willingness by Dow to license to others has
been published. '

. 6. Union Carbide (Lu mmus) balanced acetylene/
’ eih;lcnc Rrocess. No rccent examples of this process have
been constructed.in the United States, but a Union Car-
bide ventire using a WullT process acctylene/ethylene
plant in Brazil is employing this process to consume part
of the production. Complete startup of this plant is
planned for 1972,
The basic flow scheme is shown in Fig. 6-4. Ethylene
and chlorine produce EDG, which is cracked to yield

HCI and VCM; the process is very similar in this area

to the above processes. However, instead of using oxygen
and ethylene to convert the byproduct HCl to EDC, the
balanced process then involves the older acetylene route.
The reaction is a vapor phase reaction over HgCla/carbon
catalyst with a slight HCI excess. A circulating coolant
removes reaction heat to control the reaction temperature
to about 400° F, Conversion is less than complete in some
plants, requiring recycle of acetylenc and HCI, but the
reaction yields are 95 percent or greater. Therefore, the
removal of light and heavy byproducts is simple. This

. results in low capital and operating. costs for the process,
but the use of acetylene at current or projected U.S.
prices makes this process less than competitive with
balanced oxychlorination (sec “Economics™).

7. Others. Pechiney-Saint-Gobain offers combined
production of chlorinated solvents and vinyl chloride in
flexible proportions. A single plant at Saint Auban,
France, has operated since the spring of 1970 to produce

about 120,000 metric tons/year of VCM with this pro-

cess.*

Diamond Shamrock /deNora offer “Dianor,” a process
to produce and crack EDC which is aimed at developing
countrics with no cthylene complexes.? The process op-
crates on cthylene as low as 60 percent concentration
and produces HCl byproduct, which would leave the
process uncompetitive under any but the special circum-
stances of small, developing chemical markets with tariff
Pprotection.

Fecdstoc): availability. The importance of feedstock
cost 1o VCAI producers has resulted in the cntry to the
VCM market of large, integrated chilorine an?! ~thvlene
producers (sce “Individual Companics” and "Lconom-
ies”). Future manufacturing efforts will be largely influ-

h
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Flg. 6.4—Author's Interpretation of the balanced VCM process
gs announced by Unlon Carbide {Lummus).

TABLE &.1—Properties of VCM®

Q"‘" !::L"“l“ 63 /20 °C
pecifie gravity
Meiting point. . - MS C {—244.8 *°F)
Boiling poititec.ecaecsiancoues - 1381°C {71
Flash point. ... -0neennos . -—108* F -
Maximutn allowable concentration

(opm by volumed . coorrininnness
Explusive limits % by volume (o alr. .. Lower 4

Upper 22

enced by trends in both of these related fields. A brief
review of trends follows:

Ethylene production in the United States has been
drifting away from the traditiona) patterns, Until recently
more than 80 percent has been manufactured from cthane
and propane cracking and about the same proportion
located in the U.S. Gulf Coast.* Some recent plants have
involved movement toward the north and Puerto Rico
and eracking of heavy feedstocks. \Vith developing short-
ages of natural gas, a continuing erosion of the competi-
tive advantage of cracking Gulf Coast ethane and propane
is likely, and cracking of heavier feedstocks wil] probably
result in higher cthylene prices. With ethyiene much more
difTicult to ship large distances than either vinyl chlanide
or chlorine, a tendency to locate vinyl chloride production
near ethylene plants should continue.

Chlorine is the other major feedstock, with VCM
accounting for about 15 percent of U.S. chlorine produc-
tion in recent years. Largely as a result of slumping VOM
demand (which declined silghtly in the first half of 1971},
chlorine demand has been slack in the 1969-1971 persiod.
However, as various chlorinited products resume their
growth trends between 1971 and 1975, chlorine demand
should once again require cxpanded capacity. Given the
considerable economies of scale in chlorine/caustic pro-
duction, the largest and most integrated producers will
retain their competitive advantage in VOM.

‘Very substantial electrical encrgy requirements for
chlorine production will force Jocations to sources of low-
cost power. While nuclear fuel and coal are in the running
as long-term supphcrs of low cost power, pctroleum and
natural gs remain necessary until at least 1980, There-
fore, availability of petrolewn and natural gas fucls will
help determine chlorine plant locations until at least 1975,
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VINYL CHLORIDE

These trends indicate that manufacturing locations for
VCM are likely to be heavily influenced by availability
of incxpensive hydrocarbon fecdstocks and fuels, with
relative labor and construction costs, water and transpor-
tation facilities acting as less important constraints.

Physical properties, Sec Table 6-1.
MARKETS

U.S. consumption of VCM was about 3.3 billion pounds
in 1970, with 664 million pounds being exported. Con-
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PER CAPITA PVC COHSU&IPfION, POUNDS

Q
1963 1870 ) 975

Flg. 6-5—Per capita consumplion of polyvinyl chloride.™

.

appareL] o 5 s
s 6 0
CONSTRUCTION] 5 S ——
12 9
FLOORING] 17 .
- 15 ©
HOME 16 -
FURNISHINGS T » . a
PACKAGING] 4 I
- PIPEGFITTINGS| 5 12 "
RECORDS| S T — e
—_—|__ 4 3
TRANSPORTATION] 9 7 = .
WIRE 8 CABLE|] ® 13 0
ALL OTHER| 18 " 20

1965 70 1975

Flg. 6-6—End use markets for PYC.™

ot

sumption of VCM & almost entircly for production of
polyvinyl chloride resins and copolymer resins (propylene,
cthylene and vinyl acetate are commonly copolymerized
with W3d). Domestic consumpiion is projected to grow
about 10 percent annually Trom the 1970 level of 3.3
billion pounds to 5.3 billion pounds in 1975, Export
markets will decline from the 16 percent of U.S. produc.
tion experienced in 1970 to dve more usual level of 5-6
pereent of production, or 300 million pounds, by 1975,

End uscs of PVC are characierized by more variety
than most other commodity resins. Physical properties of
PVC vary from the soft and flexible plasticized varietics
used in dolls to the strong and rigid PVC pipe invading
the construction markets. Fig. 6-5 demonstrates the rapid
growth in per capita consumption which has resulted
from this varniety of properties.!® As a result, PVC con-
sumption is also less sulnerable to the loss of any single
end use market.

The more rapidly growing markets for PVC are con-
struction products, packaging, pipe and fittings. These
arcas should excced the 10 percent growth rate of the
overall PVC market. Segments which are more mature
and will grow at less than 10 percent include aaparel,
flooring, home furnishings, phonograph records, trans-
portation equipment, and wire and cable coatings. An
estimate of the 1965, 1970 and 1975 market share of
each category is given in Fig. 6-6. While some categories
will have declined relative to all PVC consumption, ac-
tual volume sold in 1975 is projected to increase in all
categories.*®

Construction uses for PVC include vinyl-coated wall
coverings, and strips of PVC sheet to serve as water stops
in walls and weatherstripping. The largest porential, how-
ever, probably belongs to PVC siding and window frames,
which are rapidly growing competitors of older wooden
and aluminum products. The construction market should
grow in excess of 20 percent annually for the next five
years.

The packaging application of PVC has been growing
very rapidly in recent years. There are environmental
pressures to restrict PVC content of packaging because
of HCI released when packaging is incinerated, but such
restrictions will act to slow this growth area before 1975,
not to reverse the trend. Packaging consumption of PVC
grew at above 25 percent annually in the last five years,
and should grow at 15-20 percent for the next five years.
After 1975, however, look for growth to slow considerably
as effective control of HCI cmissions causes other materials
to replace PVC in some applications.

Use of PVC pipe and fittings has benefitted from the
accelerating change of U.S. building codes to allow plastic
drain, waste and vent piping. A.D. Little has projected a
1975 consumption of 1 billion pounds of plastic piping,
with PVC reptcsenting a large share.* The PVC in this
application is often blended with chlorinated polyethylene
rcsin, Compcetition with acrylonitrile-butadicne-styrene
(ABS) resins and styrenc-acrylonitrile (SAN) resins will
be important in determining the actual growth of this
PVC application, but 15 percent is a likely growth rate if
PVC prices remain below thase of ABS and SAN resins.

Among the more mature PVC markets, usc of PVC
in transportation equipment should continue at a rela-
tively high growth rate. Further penetration of the auto-
mobile market is not a major hope for PVC, since scat

Trlimiam. 1077 Yivnnnearnon ProcessSING
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Flg. €-7—PVC production by type according lo the U.S. Tariff
Commission,

covers, headliners and dashboards have all been heavily
penetrated, As a result, this end use will grow at about
the rate automobile production grows. While other trans-
prtation uses will increase, look for this segment to grow
at 8-9 percent over-all,

Uses of PVC in apparel, flooring, home furnishings and
wire coating are mature segments. Growth of thesc seg-
ments should keep pace with rcal GNP growth at about
5 percent annually through 1975,

Another possible categorization of PVC uses is by the
processing methods being used to meet the above markets.
Tab]e 6-2 presents a breakdown by processing methods,
agam reflecting the diversity of PVC markets.

Polymer producers. One reason for the varied properties
of PVC resin is the diversity of polymerization methods
employed and another is the large number of PVC pro-
ducers, each with a slightly different product line. While
65 percent of VCM was polymerized captively in 1960,
this percentage declined rapidly as older acetylene-based
plants were rcplaccd with larger ethylene-based plants.
Today companies such as Dow and Shell are exclusively
merchant sellers of VCM, while PVC producers such as
Monsanto and Union Carbide have discontinued VCM
manufacture. As a result, only about 40 percent of VCM
was captively consumed in 1970, and the percentage will
probably be closer to 30 percent in 1975. The 21 com-
panies currently producing PVC are listed in Table 6-3,
togcther with capacity by region. Of these 21 companies,
7 also produce VCM (sce Table 6-5).

A final charactenzation of PVC production is the type
of polymerization employed. Suspension homopolymer
resins have been an increasing fraction of PVC production
in recent years, mostly at the expense of copolymer resins,

- while dispersion resins have maintained a relatively con-

stant share. Fig. 6-7 presents a breakdown of PVC by
method of polymerization,

World markets. During the 1960s, exports of VCM
averaged less than 5 percent of domestic production. VCN
must be shipped and stored either under pressure or in a
refngcntcd tank. The relative difficulty of shipping, low
selling price in relation to freight cost, and ready avail-
ability of VCM technology has created a strong tendency
to produce VCM locally rather than import for an ex-
tended period. In 1969, 1970 and 1971, howucr, rapid
expansion of European VCM demand and lagging pro-
duction c¢apacity led to abnommnally large 1mpons from
the U.S. Exports accounted for a high of 16 percent of
domestic VCM production in 1970. As added capacity

TABLE 8-2-—Processing mathods for PVC™®

Share of market, %

Extrusion

{wire, ﬂm sheet and gencral extrusion). ....covvoa ("]
Colender

(6lin, ;l-«t and cOMNE) . cvnunrcneannn vesosrosen s
Molding

(blou injection, roto, compretsion). s e.ereivnana 310

(dll‘b kll"(. tell, spray, lamination).,
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YABLE 8.3—PVC producer: In the Unlted States,™ Jan. 1, 1071

Northeast

orden.. ..., Leominister, Masa. 12 rompanies
Diamond.

Shamrock. Delaware City, Del, 13 plants

;irmone ......... Pottstown, Pa. 1300 MM ibs. capacity

F. Goodric
Chemical,......| Pedricktcwn. N, J.
Good}tzr Tire &
Rubber....,....} Nisgara Falls, N. Y.
Creal American -
Plastics..... +eo.] Fitchburg, \hs.

Burlingion, N. J.
Springhield, Maze
Assonet, Mass,

Passaic, N, J. .
Delaware City, Del, .
Birlingion, \.1.
Flemingioa, K.

Southeost °
Air Preduces Pensacota, Fla.

Continental Oil....| Aberdeen, Miss,
Firestone. ... Perryville, Md.

5 companies
3 planus
450 MM 1bs capacity

Pantatote........| Point Plearant, W, Va.
Union Carbide.,..] S. Charleston, W. Va.
Midwesnt
Air Produety, .. ... Calvert City. Ky. & companies -
Aliied Chemical.,,,| Painesville, Ohio 8 plants
Borden...... .1 liliopalis, LI, 1. M M 1bs capacity
General Tire...... Ashtabula, Ohio

. Goodrich

Cbemical.......}] Henry, Il
. Avan Lake, Ohio
Louvisville, Ky.

Uniroyal..icaneaa Painesville, Ohio
Southwest
Diamond-
. Skamreck.......] Deer Park, Texam 4 companies
Ethyl_ . ... ..... Raton Knuge, La, 4 plania
Goodyear Tire

.| Plaquemine. La.

800 MM lbs. capacity
-] Texas City, Texas -

Loag Beach, Calif. 3 compasies

Long Beach, Calif. 3 plant
.| Saugus. Calif 200 M\1 1bx capacity

- 31 1otal companiea
33 total plants
3,538 MM 1bs. total capacity

TABLE 6-8—~Westcrn Europecn PYC consumption
(thousands of metric tons)

Tatal,
Western
Year..ivicisaiercaoses.| EEC EFTA § Spatn { Other | Ewrope
1972, . suveannnans 306 7 17 40 5
3. 810 233 28 52 943
308 29 72 1178
s 33 58 17271
a3 b4 55 e
w1 5 141 1.651
42 71 135 1928
525 91 140 2.231
357 97 148 2400
Coe- 1570y 15% | 12 | 21 { 8% 15%
[t 1970)...,.. PR =
1975 Concumprions 1. (1| 2573 * | 5= 220 235 2,900%
Projected cromt
Rt d 103 2% | 1B% § 4% 10%

Source: Europran Chemical \e\u and Oll, ?alm and Drug Reporier, Oct.
20, 1970, plus authors’ estimaen®

comes onstream in Westecn Europe and developing coun-
tries rush to build VCM plants, U.S, exports of VCM will
decrease again to 5-G percent of production or lower.
U.S. exports of PVC resin are also minimal; in 1969
and 1970, about 5.5 percent and 6 percent of the ULS,
PVC sold was exported. Two reasons for this are the
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. VINYL CHLORIDE

rapidly expanding domestic markets for PVC and the
high relative [reight costs. Furthermore, tarifT barriers
are high——20 percent or more—between Europcan coun-
tries, as well as between Europc and the United States.?
Dcspllc this, the specific properties required by resin uscrs
remain the most dificult barricr to a large world trade
in PVC, In a recent report of the Standard Rescarch
Institute'? projections of the world output of PVC for
1970 and 1980 arc compared. The percentages accounted
for by each producing area are as follows:

1970 1980
North America 26.5% 26.5%
Western Europe 41.3 39.7
Japan 165 172.9
Others 15.7 15.9

10005 100.0%-

While special purpose resins sales to developing markets
will continue to be an attractive market, PVC resin ex-
ports will remain a small market at 5 percent or less of
production.

The European PVC market is considerably larger than
the U.S. market (sec Table 6-%), based upon Europe’s
large population and greater per capita consumption.
This will allow European producers to build large, com-

- petitive VCM [acilities to serve their own markets. As

U.S. producers encounter higher ethylene costs based
upon cracking heavier feedstocks and higher chlorine
costs from more expensive electric power, exporting to
the European VOM market should cease to be attractive
to U.S. producess.i*

Japanese PVC producers also represent a sizable market
for VCM, but domestic Japanese production is ample to
provide the estimated 2.4 billion pounds which will be
required in 1972, Estimated VCM capacity is in the
neighborhood of 3 to 3.3 billion pounds/year (see Table

" 6-6), indicating ecither sizable exports or low operating

rates for Japanese VCM producers.
A partial listing of foreign VCM producers is given in

. Table 6-6. Since this is not an exhaustive listing, total

capacity figures are not available. However, the per capita
consumption of VCM is even higher in Europe than in

~ the United States and trends toward oxychlorination are

evideat.
INDIVIDUAL COMPANIES

Table 6-5 lists U.S. producers of VCM as of 1972,
Of the tota] capacity shown, 10 percent is based on
acetylene and 8 percent on ethylene without oxychlorina-
tion capability, These p]anls must be considered vulner-
able to continued construction of large oxychlorination
facilities, The remaining 5 billion pounds (82 percent)

consists of modern, appnrcmly compctitive oxychlorinas
tion plants. Also noteworthy is the concentration of over
70 percent of VCM capacity on the U.S. Gulf Coast.
With the exception of PPG's Pucrto Rican plant, all
recent capacity additions have been in Texas and Louis-
fana. |

The expansion of VCM capacity from 2.4 billion
pounds/year in 1965 to about 6 billion pounds/year by
1971 was at an annual rate of 18 percent. The actual
rate of new capacity construction has been, even more

e __

YABLE 6-5—U.5. produsors of YCM

Nameplate
capach
Producer Locatlon (MM Iba fye) Process
Alied.......... Haton Rouge, La. 300 Qzychlgrination
American
Chenical,, ., . Watson, Calil, 170 Stauffer
(ARCQ.Staufler) oxycldorination
Monochem. . ... Ceismar, La, . 300 Acetylene
(Borden.
Unirayal)
Conocouneens... Lale Charles, La. 600 Stauffer i
oxychiortnation
Dow.... uenaus Plaquemioe, La, 340 ow
oxychlorinailon
Frerport Texas 180 ow .
: oxychlorination
Oy ster Creek, Texas 700 Dow .
oxychlorination
Ethyl.......... Batoa Rouge, La. 270 Ethylene/EDC
- eracking
Houstos 150 Ethylene /EDC
cracking
Goodrlch....... Calvert City, ky. 1,000 Coodtich
oxychlorination
{multiple train)
PPG........... Lake Chatles. La. 300 -} Oxychiorivation
Puerto Rico 500 Ox ychiorination
Shell........... Houston £00 Staufler N
{Expanding) oxychlorination
Norco, La, Stauffer
(1974) oxychlorination
Tenneco......,. Houston 235 ylene
1972 Towl 5,365

Source: Many published estimates a3 interpreied by the authors. Note that
eﬁ!:'l\t capacity probably does not_equal nameplaie capacity. A reasonable

capacity Higure would prebably be BOTH of the above rates. O, Peiol and Drug

Reporter, Oct. 14, 1971, has the moit comaleu: listing.

rapid, with fully half of the 1965 capacity being shut down
in the same period. Eighty percent of 1971 capacity is
less than & vears old.

Among individual companies, Dow has about 19 per-
cent of VCM capacity, and about 23 pereent of axy-
chlorination capacity. Dow’s pasition as a capacity leader
among ethylene, chlorine and chlorinated solvents pro-
ducers leaves no doubt of Dow's long-term position as a
VCM producer. Raw materials costs are crucial to VCM
economics, being roughly cqually split between chlorine
and cthylene (sce “Economics™). In additian, byproduct
chlorinated hydrocarbons from oxychlorination are rou-
tinely absorbed inte Dow's production of perchloro-
ethylene and carbon tetrachloride. At the present time,
this VCM js largely sold in the merchant market. While
Dow has extensive experience in production of bulk poly-
mers, Dow has chosen to remain a merchant supplier and
has discontinued production of PVC.

The second largest VCNI capacity belongs to-B. F

Goodrich at Calvert City, Ky. Two or three trains at this

site employ Goodrich's oxvehioiination process (see “Man-
ufacture™), and are notable in being the only sizcable
plants located in the northern or eastern United States.
Goodrich has captive use for most or all of this VCM,
but has made no recent move to expand beyond their
existing 17 percent capacity share. Both ethylene and
chlorine for this plant are producc:l by Goodrich at Cal-
vert City.

PPG has moved into second place with a 14 percent
capacity share. Plants in Lake Charles, La., and Pucrto
Rico bencfit from large internal chlorinc sources and

chlorinated solvents business to absorb byproducts, but -

cthylene is purchased in both cases. As is the case
most recent expansions, the majority of VCM produced
moves in the merchant market.

The fourth and filth largest producers arc oil com-
panies with large ethylene capacity but insufficient
chlorine-for VCM production. Shell has receatly com-
pleted and started up 12-14 percent of U.S. industsy
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TABLE 6-6—Forcign VCM
A al aclly
Country " Compnny City ((hou!::::; l:‘;"’l‘:’l( tons) Processfcompletian
ﬁl:lors BASF S ‘ﬂ
BelEiUMescvosmancorsannsianoses Antwerp 120 taufler
Solvie emenne 200 Solvay—I1CI
Limhurz=e Vinyt eswenderlos 200 rich
Crechoslorakiat suacenicivasee.] Technorxport Novaky o Goodeich/1loechny
Finlandt ., .ieiasrcecansas...] Pckema Oy orvoo 83 Solvay/iC1
Francel c.oc.ireainessccenonasl DAUFAC °0 Ethylecne texpanding)
Pechiney-Saint-Goblan 120 Own (1972)
tesviveresnescansnannn cesene” 120 Fthylone.based (1972}
Solvay 200 Balanced acctylene fethylene
Greecer o oueivnmnnvenansaronnss I-‘,thivl Hellas U, 25 Ethyl EDC eracking
FIT YL 2 e P Y. . £ [ - Ravennt 20 Staufier (completion)?
Montedison Porto Marghera ggg gg‘;{;‘ch
Rumianca dcd) PPG (19T
Netherlands: sovieevrancananas. g}:\-lzlo g:ﬁ:zﬂ ‘}‘%(upan Goodrich/Stanfier
e Pern! Y wmmn
Rumanla:t ..e venvrureevesaaas.] Industrial Imporct R?:n?co Vilcea 38 -
Spalns o.iiuesisiacarasaciaas.{ Monsanto Iberica Tarragzons 50 Monzanto/Ethylene
TYCIos Puertollane 80 (planned) Goodrich
Viniclor Martorell &35 Sotvay/IC1 (1970
Swedent ..o.viieevrnstvciaae. Kemanord Stenungsund 75 Ethylene
e Kot cvnvnnnssneainiaassansins] B P. Chemicals Raglan Bay. Wales 20 tich
British i 140 Acetylene
IcI Hilthouse N. g:ycldurmallon_
Msasesessctaccsetatanonnnans Runcorn N. 12z yclilorination
USSRt ..oncascacerssncnrivees| Techmashimport Dijeritnski 30 g-s—ﬁ m;v:gn
Besisssatesecereraneranaane taufler
Wett Cormany: seacseareacac BAS ’ G.o-r.kf“ . 3%?\ Bn\l\\ﬂd(
Chem\WVerke Huels Marl 365 fexpanded) Huls (1972)
Hocchst Knapsack 60 (planned) Goodrich/Hoechy
‘}ivna {nc&fﬁl Koln 3100 Good 'lkh/l(‘loﬂ‘?clh)“
LATIN AMERICA meker \ ; :c Burghausca N. A Acctylene
reentlna:r . .ovnvnveianasae.| Electroclor SA Capltan Bermudex 51 tplanmed} C1 (1973
Industrias-D i 50 {planned) Dow (1974)
Braslhi cuecrunveecennnesiannad] Consorco Paulista Biiy Dlanca . 100 ® Eihy1/Sola5/1C1
B —— Salvay,
Union Carhide ?q‘,ﬂz aula 1% (i‘g;;;;ﬂ ethylene.acetylens
Chllet cieiirasesestcraseansnee,] Empressa Nationale de Petroleo c 15 ¢ . A
) Fettoquimica-Dow-ENAP Soncencion 15 ¢ Dow
%’leﬂco: foprrrennaeaanieeans 1;}‘,; N odrich/ IVP foth Pararitos 0 %&;t&mwm
ENEZUCTR? o ovesarceeanarnanaal . F. s ¢ . i
AFRICA MIDDLE EAST ’° others El Tablaze sa
EQYpts civivecerecnvssansicas.] General Organization for Industry, Alezandria 43 (planged)
Turkeys.ocoesevvacnvresneanns,| Petkim Petrokimya Jamit Solvay/1C1
easadresasctacscsarsrnennnes Aliaga g;fpgaantg) fon) gz;
WEEAVIAVSS P ETITYRIGOLAARANDLILY g
ASTA/PACIFIC Yarimea {planned expaniio: - .
Avstrallp: ... .ioiiiviineaaa..] Goodrich Altona LA Goodrich
JADROL c ciinseneonicrenannasas) Asahi-Penn Chemical Gol 145 (EDO) PPG
. Ceniral Chem. Kewasakl 80 (EDC) Toyo Soda
Chiba VCM Chiba 180 - Stauffer
. Chixso Petro-chemica) Minamata i3 Toyo Soda (1972)
et Japanere Geon T — 130 Balanced, Goodrich
Y I anegafichi 2 120 Stauffer
. Kaael Mizushima Misushima 50 M anranto/Scientific Design
Kureha crasrissceecanas 120 Balanced
- Mitsubishi-Monsaato Yokkafehl tiresssrpanacubasaes assescadanssrsocrasanse
Mitoul Nogoys - 60 ' Mitsuf
Mitsui Toatsu Iwakuni N. A Scientific Design
Nihon VCM Nihon 80 Stau ey
Senpoku Petro-chemicals Orake < 120 Mitand
Toya Soda Tokoyama 130 Toyo Soda
cavmisisertestaiainatannanny Yoktalchi 300 Toyo Sods
Korean Pacific Cheml Ulsan 60
gh‘inne VPS{Meum ‘F.O;.ﬂun' % ( 3 t!olnulé:ﬂ_'okﬁ';_!g
aiwan b amed) Jnion Carbide g
Thettand: .....................! Thai Plastic Bantlok 0’ Dynamit Nobet

Source: Authors® estimate based on many published sources, Thislist ls not |

capacity at Houston. Ethylene comes from a gas oil
cracker with 1 billion pounds/ycar capacity, but required
chlorine is purchased externally. Shell produces chlorine
and other chlorinated organics beside VCM, but has
apparently chosen not to expand chlorine capacity for
use in VOM. With recent announcement of a similar scale
VCM unit in Norco, La., Shell will become the largest
VCM producer by 1975. Conoco has 10 percent of in-
dustry capacity at Lake Charles, with cthylene provided
by ethane/propane cracking and chlorine requirements
purchased. It is reasonable to watch major cthylene and

chlorine produccrs for the next VCM units,

. HISTORICAL DATA
Table 6-7 presents data based on U.S, Tariflf Commis-

sion reports for 1958 through 1969 and the authors
cstimates for 1975, These data show a steady rise in the
production of VCM, excepting a slump in 1967, when the
industry was particularly plagued with overcapacity. Pro-
duction has grown at over 17 percent per year for the

ded to be L

hensive, but to list meat major producers.

" YABLE 6-7——U.S. historlcal dote: VCM, 1959 ta 1978

Tota)
Nuomber ralue
of Production Sales Avernge | of prod’n)
Year producera | AIM 1b./yv.. | MM b, fyr. | price, /16, | $MM
1959.... 10 978 320 11 108
1960, ... 12 -1.037 353 10 104
onl., .. 12 1.044 424 81 85
1932, .. 12 1311 518 7.5 98
1963, ... 13 1,435 01 70 100
104, .., 13 1614 58 3 102
198, ... 13 2.000 83 &3 122
1908, ... 13 2.500 30 59 148
19:7 13 2424 952 53 128
1918 12 2.069 3.463 48 134
19 11 3.758 2,54 44 104
1970, .9 4,00 2520 a5 180°*
1975.... 10+ 5.G00* 4,200 45° 252

Source: 11.5. Tarifl Commission
® Auihor's estimatey, with price projection in 1971 dollara

past five years, Average sales price has continually dropped
because oxychlorination of ethylene, which is accounting
for an ever-increasing proportion of VCM production, is
counsiderably cheaper than the acetylene route, and be-
cause of cconomies of seule. Because of these ofTsetting

£Z¥61 6N
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. LYINYL CHLORIDE trend of maturing petrochemical monomers. The major
. - rcasons for this trend have been the consistently improv-
I : ing technology, the much larger scale of -cxisting produc.
b tion facilitics, and the considerable decrease in the price
'3 of major fecdstocks—cthylene, acetylene, chlorine and
i ] hydrochloric acid. H
i ! As with other petrochemicals such as acrylonitrile, vingl .
N " g . .
" § - _ acetate, and neoprene rubber, the 1960s saw the introdue.
: 5 = - tion of new processes which replaced acetylenc as a raw 3
-3 o material with a less expensive feedstock. Even though -..
g / the new balanced oxychlorination processes (such as -
g? % Goodrich, Staufler and Monsanto processes) have a3 .
g - L1 higher capital cost {see Fig. 6-1f] than balanced ethyl.
¢ K, / enc/acetylene units of the samc size, the raw material
a|. advantage of ethylene has been sufficient to more than &
£ L~ justify the.added capital. At cthylene and acetylene prics =
] of 3 and 8 cents/pound, the switch in fecdstocks reduces
R _.._/ raw material cost by about 1.1 cents/pound at normal °
ol yield ratios. For a 500-million-pound/year plant, the raw
BA 8 6 e g @ non o .material savings for balanced oxychlorination amounts to
$5 millionfycar (90 percent capacity). This in tum is
: S ) . more than enocugh justification for the approximate $3-$4
5’9- §-8—VCM dP'OdgC“qﬂ in the United States, U.S. Tanff  million increase in capital cost, While two U.S. vingd .
ommission and authors’ estimates. chloride producers (Tenncco and Monochem) have beea -
- able to continuc operation of highly integrated acetylene
trends, the total value of production has increased only  complexes, the opcration of these units can almost cere
6 percent per year since 1964. However, it is beleved tainly only be justified with an out-of-pocket analysis of
that the average sales price (real dollars) will hold steady  cost. No new acctylene-based plants will be built jn the _
through 1975 because of rising ethylene and chlorine costs Unitad States, B
and that the growth rate of VCM production will be The economics of a 600-million-poundfyear balanced '
closer to seven percent per year from' 1970 to 1975. oxychlorination producer are shown in Table 6-8. This @
The future of VCM is directly tied to the future of  ‘analysis presents a single year of the life of the plant at N
{ PVC, and PVC consumption in the United States is ex- g percent of capacity, which can be justified as equally
! pected to ‘h?“: an annual growth rate of 10 percent from  accurate with some of the component cost data. In any
1970 to 1975.°1 h.c tr?nds of VCM production, price and  case, the economics indicate several notable characteristics
value are shown in Figs. 6-8, 6-9 and 6-10. of the VCM busincss. First, the two raw materials com-
prise two-thirds of the 8 percent profited manufacturing
ECONOMICS cost of VCM. With the large cconomies of scale in
: -The price of VCM has exhibited the typical downward  chlorine and the evident trend to oil company domina- -
| S » i
! : :
: TABLE 6-8—Estimataed cost of YCM production by ethylene chlorinatian and oxychlorination :
: Manufacturing cost :
Ueage rate Input price .
‘ Camponent (per Ib, VCIM) (¢/ualt) (Thousand $/yr.) (4/1b. VCM) .
; ChIOFRE. . .o veerrararaanas viesnemantes Cereateereiectneianans 0.63 )b, 2.25 3 72050 142 £
' Ethylene,.....000... 0.47 {b. 3.00 7,800 1.41 4
. Catalyst & chemicalt. ioouiesinrsncsisieniasnsnncarcovaroccanosns] ssrvavsincnnnas §  LlLl. 550 0.10° {
Steam (net of credit) 1b. .03 450 0.08 .
; Uels st samaennon 0018 MM Bua. 25 200 04 i
i Cooling water Eal 003 530 .10
] Electricity... 0.1 KwH s 200 06
' 2% FOyaltY. ittt ivaitiitererisasirrrasranronorsnensannsninanac]  saneivsmecesece ceeve 500 09
: Total fariable COME. .o voemeanniasrasnanaensensnennns eaaaeees R R $17,800 320 3
Operating labor & supervision. ... eieneee A et evesusnnar Een s e eratas st sttt aneeteurerearear et raan $ 300 F
Maintenance 165 of BL capitaly, 1,000 -
(General overhead (%2 of opcrating & maintenance) 450
i Taxes inxurance and rentals (134% of fixel capital) 350 1
N 15‘% capitat charge to carn 8% on fixed invesiment 3.600
N 8% working cupital interest.cassiccaaasaracsnans . 200 y
N Total Kaed charges......... L $ 3.000
: 8% profited manufacturing cost (F. O. B plant). s evusceansceeenns OO T SR $23.700 ]
. Basis: xnage v:‘_le;‘ '=n4! tl:‘}ial costs are derived from published claims. See especiaily Spits, Peter, "Vinyl Chioride Economica,”” Chemical Enginsering Progres
. (:m-r'n;llm.r-lqmryr:\l'/)-ear Gulf Coad plant (F, O. B.) :
Working capitnl = one tmnnth of VUM sules value, -
: Caypital cost = 16 on.sites (million dullars) . . .
’ 8 off-sites , . . ;
! . 24 Total . ki
} 11 year tarable life T
| 1S year estimated vwefol Jife i . . . 3
o Note: Thitis a stewly-state culculation for one year at 90% of capacity; 2 more accurate discounted cash flow miglt produce a noticably different price. No by- d
| . product credits or dispoxal costs are included: credita Jor clilorinuted salvents feedstocks are assumed to balapce hieavy and light ends disposal costa, ;
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TABLE é-9~—Sensitivity of YCM monufocturing cost to ossumptions

Chances cost
of YOM Ly

amaunt
A change In this tnput By this amount {¢Nb)
Chiorlne price....c..cocinanenen eeee.] 85/t0 a3
Ethylene price. . 0. 2'- eenu/pcund 0.12
Fnerey costs {fuel, steam. !leclncllr).. 10 % 0.02
Opcrating & maintenance €osta. ..., ... 10 ¢ 0.02

{withaut in¢rease in overhead)

Consiruelion ¢osts v iovvacaconsmanas 10 ‘,'. 1R r g

Source: Detived Iram previous estimate of F. O. B. manufactusing cost.

tion of ethylene production {primarily because of byprod-
uct handling from heavier fcedstock cracking), the vinyl
chloride business is the obvious domain of both large
chlorine producers (Dow, PPG, Goodrich) and large
ethylene preducers (Conoco, Shell, Dow and Union Car-
bide). This definite trend should continue for the fore~
secable future.

A second notable feature (to the extent that these
published data are accurate) is the low proﬁt margin on
recent VCM contracts, With the average price of VCM
sales (reported by the U.S. Tarif Commission) ap-
proaching 4, cents/pound, it is evident that new VCM
plants must be operated very efficiently and with minimal
startup difTicultics to yield any reasonable return to VCM
producers. The sensitivity of a VCM opcration to the

" . various manufacturing cost components is presented in

Table 6-9. This indicates the probable upward pressure
on VCM pricing in the event of increasing costs for fuel,
construction, and ethylene which haxe been characteristic
of 1970- 1971

A recent development in VCM manufacture was the
announcement of a proceas to produce VCN dircctly
from ethane, chlorine and hydrochloric acid. The
“TRANSCAT"™ process, as it has been dubbed by its
inventors and potential licensors at Armstrong Cork and
Lummus, claims to have cconomics superior to the bal-
anced oxychlorination process. Yiclds and raw material
prices have been reparted as superior to oxychlorination
and;; ‘capital costs seem to be compahb!c. This process
prcScnls ‘a potential reduction in manufacturing cost of
'about 4 cent/pound il these characteristics are present

. in..commercial-sized plants?* No announcements of a

commercial TRANSCAT venture have been made public
to date.

A final, developing factor in VCA economics is the
production of 3-3 percent chlorinated byproducts by most

. oxychlorination processes. While most of these are suit-

able feedstocks for chlorinated solvents manufacture, a
fraction are suitable only for disposal. As environmental
laws impinge on the more cconomic means of disposal—
atmospheric venting, deep wells and deep sea dumping—-
the VCM producers will be forced to more expensive
disposal means. These costs will exert an unknow n, but
Potentially significant, upward pressure on VCOM price.

THE FUTURE
. Despite preduction volume which indicates approach-
g maturity in its life cyele, vinyl chloride continues, to
grow zt a rapid rate. This growth has resulted from
extension of PVC and copolymers into new- materials
3jiplications. Replacement of older materials—such as
Yteel and jron in pipe, glass and paper in packaging—uwill
ontinuc to ‘provide the major impetus to PVC and,
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Flg 6-9—U.S. VCM average selling price, authors' estimates
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Fig. 6-10—Value of U.S, VCM produclion, authors' estimates
and U.S. Tariff Commission. .
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Fig. 5-11—~Fstimaied batiery fimil capita! cost for VCM pro-
cessea™

*7CM growth. While these markets are them-
selves mawire and growing only modcrately, their very
size allows 15-20 percent annual growth of PVC con-
sumed {rom only moderaic inroads. At the same time,
older PM’C markets are maturing noticeably and will
exhibit growth of 5-8 percent. The upshot wilt be PVC
consumption growth of 10 percent from 1969 to 1975 and
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a lower 7 percent growth of VCM production because
of a decrcasing proportion of exports.

VCM manulacturing costs have heen rapidly approach-
ing feedstock values. VCM sclls for 4.3-5 cents/pound,
ethylene for 3-3%4 cents/pound, and chlorine for 2-2.5
cents/pound in large scale contracts. Therefore, ncar-

‘balanced oxychlorination is not likely to be supplanted as

the major VCM process unless the change to even less
expensive feedstocks is involved. Not enough information
is available to asscss the commercial success of the res
cently announced TRANSCAT process to convert cthane
dircctly to VCM. If preliminary information is eonfirmed,
watch for TRANSCAT to be employed on a very large
scale,

Location of new VCM production will be determined
by availability of low-cost hydrocarbons, with VCM
transportation by waler, pipe line and rail acting as a
constraint. If present erosion of U.S. Gulf Coast ad-
vantages continucs, large VCM markets will draw new
producers to the North and East,

The companies which build the next few VCM plants
will be those with captive supplies of ethylene, chlorine
or both, and those with considerable VCM operating
knowhow. Paper-thin profit margins almost preciude en-
try by any producer that lacks more than one of these
three advantages. Look for Dow, PPG and Shell to
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Fig. 8-12—Experience curves for VCM price, PVC price, and
value added by polymerizer. Source: U.S. Tariff Commission,
Boston Ceonsulting Grouwp, and Manufacturing Chemists Asso-
clation figures are combined with the GNP deflator (1958 bass
ear) and authors' eslimales of future production. A 3 percem
nflation projection through 1975 s incorporated.

continue expansion, with Union Carbide and Monsanto
considering eventual reentry of VCM production. Intro-
duction of a successful ethane-based process, however,
would cause chlorine producers to dominate future pro-
duction. '

Based upon these trends {see Figs. 6-4, 6-5 and 6-6)
we predict that production of VCA almmwost exclusively
from ethiylene will reach 5.6 billion pounds by 1975, with
merchant sales at a price of 4.5 cents/pound (1971 dol
lars). This will result in an imputed value of $252 million
for 1973 production (1971 dollars). These Jarge contracts
will be written with escalation clauses to offset increasing
power and hydrocarbon costs.

Fig. 6-12 prescnts the history of PVC and VCM pric-
ing, as well as the value added by polymerizers. Projection
of the decreasing polymerization margin {using cumula.
live production expericnece versus price) gives a further
estimate that average 1975 PVC prices will approximate
11 cents/pound (in 1971 dollars).**
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