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ABSTRACT

This study provides an analysis of the supply and demand balances in the
Chlor/ Alkali industry. In particular, two models were developed that
describe the movement of prices and consumption of chlorine, caustic soda,
and soda ash. The first model identifies the income and price elasticities of
consumption for each of the chemicals. This model is useful in that it
provides a means of assessing the impact that an economic shock (drastic

change in GNP) or an industry price shock would have on consumption.

The second model identifies the movements of consumption and price over
time using a time series trend analysis. This model is useful because it
provides a more accurate means of predicting price and consumption trends
with only time as the independent variable. In addition, this model
identified the existence of stable and predictable cyclical patterns in
consumption and price. These cycles can be used to predict when growth or

decline in consumption and prices will reverse.
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CHAPTER 1
INTRODUCTION

The Chlor/Alkali industry consists of three commodity inorganic chemicals
that find a variety of uses throughout the chemical industry. These chemicals
include:

¢ Chlorine

e Caustic Soda (Sodium Hydroxide)

¢ Soda Ash (Sodium Carbonate)
The analysis of the supply and demand of these chemicals is complicated by
the way in which their markets interact. In particular, nearly all chlorine and
caustic soda are produced simultaneously (co-produced) through the
elctrolysis of brine. Chlorine/caustic soda producers must therefore price
these chemicals so that they sell in the fixed proportions in which they are
produced. Thus, the price of chlorine will be affected by the price of caustic

soda and vice versa.

In addition, caustic soda is used primarily as an alkali. There are two
chemicals that meet the demand for alkalis which include caustic soda and
soda ash. These chemicals compete heavily for the alkali market which
makes their closely related. The supply and demand for soda ash will
therefore affect the supply and demand of caustic soda.

This paper focuses on an analysis of the supply and demand of these three
chemicals and identifies an econometric model that describes their market

interactions.



CHAPTER 2
SUMMARY

The purpose of this study was to provide a mathematical explanation of how
prices and consumption vary in the chlorine and alkali markets. As
previously explained, the co-production nature of chlorine and caustic soda
strongly affects how these chemicals are priced and how their consumption
varies with price. In addition, soda ash is the prime substitute for caustic soda
in the alkali market and its pricing and consumption patterns should be
strongly correlated to those of caustic soda. The models that were developed
take these interactions into account and, as such, provide a2 more accurate

means of forecasting price and demand in the Chlor/Alkali industry.

21 B ior of Price an n
In this study, two basic models were examined which include:
e An elasticity medel that examines income and price elasticities of
chlcrine, total alkali, and soda ash.
e A time series model that examines the trend of consumption and

prices as a function of time only.

21.1 Income and Price Elasticities of Consumption

Table 2-1 includes best-fit regression equations that describe the consumption
of chlorine, caustic soda, and total alkali. Also included is a best-fit regression
equation that relates the price of soda ash to the price of caustic soda. These

equations represent a model that describes the entire chlor/alkali industry.
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The coefficients of the variables represent the elasticities of consumption
which indicate the percentage change in consumption that will result from a
one percent change in each variable. These elasticities are summarized in

Table 2-2.

Table 2-2: Elasticities of Chlorine, Total Alkali, and Soda Ash Consumption

1960101989 1960101974 1960 to 1989

Chlorine Consumptior:

Income Elasticity 2.4 1.2 3.0
Current Price Elasticity 0.0 0.0 0.0
Lagged Price Elasticity /Years Lag 0.18/2 0.0 0.14/2
Alkali Consumption

Income Elasticity 1.7 1.1 2.5
Current Price Elasticity -0.09 -0.18 0.0
Lagged Price Elasticity /Years Lag 0.0 0.0 0.16/3
Soda Ash Consumption

Income Elasticity 1.2 0.9 1.6
Current Price Elasticity 0.0 0.0 0.0
Lagged Price Elasticity/Years Lag 0.08/4 0.08/1 0.07/4

Overall, the income elasticity of chlorine consumption has been slightly
greater than that of total alkali consumption over the thirty year study period
(1960 to 1989). More interestingly, the income elasticities of both chlorine and

total alkali consumptions have more than doubled from their levels during

10



1960 to 1974 to their levels during 1975 to 1989. The income elasticity of soda
ash has been consistently less than that of both chlorine and total alkali and

has also nearly doubled from its level duriny 1960 to 1974 to its level during

1975 to 1989.

The large increase in income elasticity of all chemicals suggests that
consumption has become more of a function of the overall level of the
economy. During 1960 to 1974 the demand for all three chemicals could be
described as consistently growing because of an increasz in the uses for these
chemicals. This growth, although linked somewhat to the overall economy,
depended more on the increases in use. During 1975 to 1989, growth
diminished as the industry matured. As such, demand became less of a

function of growth and depended more strongly on the overall economy.

Price elasticities of chlorine and alkali consumption have been similar in
magnitude throughout the period while chlorine consumption has generally
reacted two to three years earlier than alkali and soda ash consumption to
changes in price. All of these price elasticities are relatively small and
indicate that a 1% change in price will only affect consumption by between

0.07 and 0.18%.

In general, the price elasticity of soda ash has been about half that of either
chlorine or total alkali. With its strong export markets, soda ash has
maintained more growth than either chlorine or caustic soda. This steadily
increasing export demand has been relatively price insensitive and has

therefore lowered the overall price sensitivity of soda ash.

11



Finally, soda ash and caustic soda prices are indeed closely related. As shown
in Table 2-1, the price of soda ash can be related to past prices of caustic soda.
This strong interaction is a result of the competition that exists between the

two chemicals as they make up nearly all of the alkali market.

2.1.2 Trends of Price and Consumption

Tables 2-3 and 2-4 provide best-fit regression equations that describe
consumption and prices in the chlor/alkali industry based solely on trends.
These time series regressions assume that the demand and prices for
chlorine, caustic soda, and soda ash follow some cycle that can be predicted as

a function of time without other predictor variables.

One explanation for these cycles is as follows:
A low price will lead to a high demand. High demand will, in turn,
lead to a high price which will then lead to a reduction in demand.
Finally, the reduced demand will create an over-capacity in the
industry and producers will lower their prices to start the cycle all over
again.

The times series model assumes that this pattern occurs with some regular

frequency over a certain number of years.

Annual chlorine consumption, alkali consumption, and soda ash
consumption were all strongly related to their levels in the previous year
(lagged consumption) with elasticities ranging from 0.9 to 1.0 for the period
1960 to 1974. This relationship, however, became weaker during 1975 to 1989
for all three chemicals with the elasticity falling to zero for chlorine, 0.45 for

alkali, and 0.25 for soda ash.

12
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The consumption of all three chemicals also exhibited a predictable
fluctuation around this lagged relationship that cycled over approximately
five years for chlorine, 5.5 years for alkali, and 5.5 to 6 years for soda ash.
Consumptions of chlorine, alkali, and soda ash all have become less
dependent on lagged consumption and more dependant on a stable cycle.
This indicates that the entire Chlor/Alkali industry has matured and that
growth has virtually stopped.

Finally, ecoromic shocks proved to significantly affect the variation of
consumption of chlorine, alkali, and soda ash from the stable cycles. Chlorine
was the most sensitive and was affected by shocks in 1975, 1982, and 1984.
Total alkali and soda ash were somewhat less sensitive and responded with

statistical significance to only the 1975 shock.

Since long-term growth has virtually stopped, forecasts for consumption and
price are best made using the time series trends rather than the elasticity
model. The elasticity model, however, provides a useful tool for predicting
responses of consumption to shocks in income or prices that are outside of

the normal trend.

22  Forecasts of Price and Consumption

As previously stated, the time series model is the simplest model to use to
project real price trends because it does not require the forecasting of other
indicator variables such as GNP. In addition, it provides a more accurate
picture of the trends that are present in the industry because the industry has
become more dependent on the supply/demand cycle and less dependent on
growth.

15



22.1 Projected Price Trends

Using the time series model, the real prices of caustic soda, chlorine, the ECU,
and soda ash were calculated and compared to historic prices. In addition,
predicted prices were projected out to 1994 to provide a forecast of the trends

in the industry. Table 2-4 provides a summary of these price projections.

Table 2-4: Real Price Forecasts for Chlorine, Caustic Soda, ECU, and Soda Ash

Real Price, 1952 §°
1990 1991 1992 1993 194
Chlorine 87 100 116 125 120
Caustic Soda 156 138 120 110 13
ECU 273 285 294 298 293
Soda Ash 62 57 54 6 64

*Conversion to nominal prices can be made using the Chemical Industry Producer Price Index,
from the Economic Report of the President to Congress

The highlights of these projections include:

o The real price of chlorine will fall again in 1990 and then rebound

through 1993, peaking at approximately $125/ST (1982 dollars).

e The real caustic soda price will start to fall and will hit a low of
around $110/ST (1982 dollars) in 1993.

e The ECU real price will continue to rebound over the next four years

and should peak at approximately $298/ST (1982 dollars) by 1593.

16



e Comparing the forecasts for the price of caustic soda and the price of
chlorine shows that by 1992, the prices of chlorine and caustic soda
will be roughly the same. By 1993, the price of chlorine may actually

surpass that of caustic soda for cne to two years.

e The real price of soda ash will decline over the next two to three
years to approximately $54/ST (1982 dollars) and will then rebound
through 1994 to roughly $64/ST. In general, the real price of soda ash
will continue to slowly cycle between $55/ST and $65/ST as the

supply/demand balance for alkali cycles in response.

22.2 Projected Consumption Trends
Table 2-5 includes a summary of the predictions of the consumptions of

chlorine, caustic sodz, soda ash, and total alkali.

Table 2-5: Consumption Forecasts for Chlorine, Caustic Soda, Soda Ash, and
Total Alkali

Annual Consumption, M-ST

1990 1991 1992 1993 14

Chlorine 10,200 9,800 9300 9,300 9,600
Caustic Soda 10,700 10200 9,700 9,400 9300
Soda Ash 7300 7,300 7200 7,000 6900
Total Alkali 12,300 12,000 11,600 11,200 11,000

17



The highlights of these predictions include:

e Chlorine consumption will fall over the next few years and by 1993

should decline to roughly 9,200 M-ST by 1992.

e Caustic soda consumption will continue to decline over the next few

years and by 1994, should fall to approximately 9,300 M-ST per year.

e Soda ash consumption will remain fairly stable over the next couple
of years at 7,300 M-ST and will then fall to approximately 6,900 M-ST
by 19%4.

¢ Total alkali consumption showed signs of decline in 1989 and should
continue to decline for the next four years, falling to approximately

11,000 M-ST by 1994.

e The recession will potentially worsen all of these declines depending

upon its magnitude.

These models rely on a mathematical trend that was evident in the past.
They do not specifically address shocks to the industry such as drastic changes
in regulations that may severely impact demand or costs of production. In
addition, although the model for consumption does not specifically include
the effect of prices on consumption, consumption can be statistically predicted
with price and vice versa so that their effects can be separated out of the
equation. The effect of an exogenous price or demand shock can be evaluated
using the differenced regression model, summarized in Table 2-1, which

provides estimates of the price and income elasticities of consumption.

18



CHAPTER 3
TECHNOLOGY OF THE CHLOR/ALKAL: INDUSTRY

31  Chlorine/Caustic Soda Technology

Brine electrolysis is the basic chemical reaction by which most chlorine and
caustic soda are produced. In 1987 nearly 97% of U.S. chlorine production and
100% of U.S. caustic soda production was through this process.] The chemical

reaction used in this process is represented as follows:

Electricity
+ -
2Na” + 2CI" + 2H,0 > C, + H, + 2NaOH
Sodium Chloride Water Chlorine  Hydrogen Sodium
(Salt Water) Hydroxide

The sodium and chloride inputs are provided by brine (salt water). Chlorine
is produced as a gas and is either sold as a gas or compressed and sold as a
liquid. Sodium hydroxide is produced from this process in solution.
Typically, this solution is then concentrated though evaporation to a 50%
solution or dried completely to a solid (97% sodium hydroxide) and sold.
Hydrogen, while it has value as a raw material in the chemical industry, is
usually burned as a fuel to provide heat to the sodium hydroxide

concentrators.

Based on molecular weights, and 100% efficiei.t operation, 1.65 tons of salt
will yield 1 ton of chlorine and 1.13 tons of sc:dium hydroxide. Typical

1Marilynne Smart, Rice, G., Leder, A., Schlegel, W., Nakamura, E,, "Chemical
Economics Handbook Marketing Repoit - Chlorine/Sodium
Hydroxide", Chemical Economics Handbook, SRI International, 1989,
733.1000 H.
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production has yielded chlorine and sodium hydroxide in the ratio of 1:1.1.
This combination of 1 ton of chlorine with 1.1 tons of sodium hydroxide is
called an Electrochemical Unit (ECU). The economic return on this
production process is calculated by comparing the market price of an ECU

with the total production costs.

Three processes use brine electrolysis to produce chlorine and caustic soda.
These include:

o Diaphragm Cell Process

¢ Membrane Cell Process

e Mercury Cell Process

Diaphragm Cell Process

The diaphragm cell process is the primary method of chlorine/caustic soda
production the U.S. providing nearly 80% of the production.2 A typical
diaphragm cell consists of two chambers, an anode chamber and a cathode
chamber. In this process, brine flows to the anode (positively charged)
compartment of the cell where chloride ions are converted to chlorine gas.
Sodium ions then flow through the diaphragm to the cathode (negatively
charged) compartment where water reacts on the cathode to form hydrogen
gas and hydroxide ions, leaving sodium hydroxide in solution. The
diaphragm separates the chambers to prevent the brine solution from mixing
with the sodium hydroxide (caustic soda). It is, however, not perfect and

some mixing does occur. The resulting solution is then partially evaporated

2Ibid, 733.1000 H.
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to precipitate salt which increases both the purity and concentration of the

caustic soda solution.

Membrane Cell Process

The membrane cell process provides roughly 5% of the chlorine/caustic soda
production in the U.S.3 This process is essentially the same as the diaphragm
process except that a specialized membrane is used instead of the diaphragm.
The membrane is porous to only sodium and prevents virtually all mixing
between the brine and sodium hydroxide solutions. As a result, this process

provides a purer solution of caustic soda.

Membrane cell technology is the newest of the three primary chlorine/ caustic
soda production technologies and is slowly replacing the other two

technologies.

Mercury Cell Process
The mercury cell process is a two-step chemical reaction which includes an
intermediate reaction with mercury. The overall chemical reaction is as

follows:4

2Na‘t + 2CI" + 2Hg——> 2Hg-Na + Cl,
Mercury Mercury Amalgam

2Hg-Na + 2H,0 ———-> 2NaOH + H, + 2Hg

31bid, 733.1000 1.
47bid, 733.1000 J.
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The first reaction occurs in one chamber where the anode releases chlorine
and the mercury forms an amalgam with sodium. This mercury amalgam
then flows to a second compartment (decomposer) where the second reaction
occurs to release sodium hydroxide, hydrogen, and mercury. This separation
prevents the brine from mixing with the caustic soda solution, thereby giving

a high purity product.

Environmental concerns over the disposal of waste mercury have led
producers to move away from the mercury process. Plants using this process
are being shut down in favor of plants using diaphragm and membrane cell
technologies. Currently, approximately 15% of the U.S. chlorine/caustic soda

capacity consists of mercury cell technology.

Other Chlorine-Producing Technologies
There are several other technologies that are used to provide approximately

3% of the U.S. production of chlorine. These include:3

e Chlorine from hydrogen chloride
¢ Chlorine as a by-product of metal production
¢ Chlorine co-produced with potassium hydroxide

e Chiorine as a by-product of potassium nitrate production

SIbid, 733.1000 K
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Other Sodium Hydroxide Production

The only significant alternative technology for the production of caustic soda
is the "lime soda" process.6 In this process, sodium carbonate reacts with
calcium oxide or calcium hydroxide (lime) to yield sodium hydroxide. The

chemical reaction is as follows:

Ca(OH)2 + Na2C03 > CaCO3 + 2NaOH
Lime Sodium Carbonate Calciurn Carbonate Caustic Soda

(Soda Ash)
The significance of this process is that it provides a means for soda ash to
compete more directly with caustic soda. Today, most of the competition
between soda ash and caustic soda is for processes that can use either chemical
directly. The lime soda process, however, allows soda ash to compete for

those processes that require caustic soda as the alkali source.

Manufacturing Costs

Manufacturing costs for the three different processes will vary based on the
individual plant. The percentage breakdown of cost components is similar
for each type of operation. Typical cost components for the three operations

are given in Table 3-1.

6Ibid, 733.1000 L
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Table 3-1 Chlorine/Caustic Soda Manufacturing Cost Breakdown

Diaphragm @ Membrane =  Merouy

Variable Costs
Raw Materials and Supplies 109 143 11.6
Utilities 39.8 359 41.3
Fixed Costs
Labor 6.8 6.8 6.4
Depreciation and Overhead M5 349 328
General and Administrative,
Sales and Research 8.0 8.1 7.9
Total 100.0% 100.0% 100.0%

Source: Smart, M., Rice. G., Leder, A., Schlegel, W., Nakamura, E., "Chemical

Economics Handbook Marketing Report - Chlorine/Sodium Hydroxide",
Chemical Economics Handbook. SRI International, 1989, 733.1000 M.

Raw materials and supplies consists primarily of the salt used in the process
while utilities includes basically the energy used to electrolyze the salt and the
heat used to concentrate the sodium hydroxide solution. Of the variable costs
of production, utilities is by far the largest component comprising between
70% and 80% of the total. Thus, these facilities are often located based on the

availability of a relatively inexpensive power supply.

32 Soda Ash Technology
Soda ash (sodium carbonate) can be produced either synthetically or naturally.
Although synthetic production of soda ash had been popular at one time in

the U.S., natural production has since become far less costly and has
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completely replaced synthetic production. The last U.S. plant producing soda
ash synthetically was closed in 1986.7

Natural Production of Soda Ash

Soda ash is found naturally in a number of materials, the most prevaient
being a naturally hydrated sodium sesquicarbonate (trona).8 In the US,
nearly all trona that is mined for soda ash production is found near Green
River, Wyoming. About 1.8 tons of trona are required to produce 1 ton of

soda ash.

There are two operations that can be used to convert trona to soda ash which
include the monohydrate process and the trona process.? In the
monohydrate process, trona is decomposed by heat to generate sodium
carbonate, water, and carbon dioxide. The resulting material is then dissolved
in water to remove any insoluble impurities. The sodium carbonate solution
is then concentrated to precipitate sodium carbonate monohydrate, leaving
behind the more soluble impurities. The sodium carbonate monohydrate is
then heated to remove the hydrate, leaving "dense" sodium carbonate (soda

ash). Dense soda ash has a bulk density of 60 to 66 pounds per cubic foot.

7Economic Commission for Europe, Market Trends for Selected Chemical
nd Pro 1 Vol.1, United Nations, 1987,

8F. Alan Ferguson, Callison, S.L., Shimosato, J., and Garnett, A., "Chemical
Economics Handbook Product Review - Sodium Carbonate and

Sodium Bicarbonate”, Chemical Economics Handbook, SRI
International, 1984, 733.2000 D

91bid, 733.2000 D
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In the trona process, trona is dissolved in water leaving behind the insoluble
impurities and a solution of sodium sesquicarbonate. This solution is then
concentrated to precipitate sodium sesquicarbonate, which is decomposed
with heat to yield a "light" soda ash, water, and carbon dioxide. Light soda
ash has a density of 32 to 39 pounds per cubic foot.

An alternate source of soda ash is found in brines containing high levels of
sodium carbonate. In the U.S. the only operations producing sodium

carbonate from brines are found at Searles Lake, California.

Synthetic Production of Soda Ash

The Solvay process is the primary synthetic process for producing soda ash.10
Through a multi-step chemical process, calcium carbonate (limestone) and
sodium chloride (salt) are converted into soda ash and calcium chloride. The

overall reaction is:

CaCO3 + 2NaCl --—-- > Na2C03 + CaCl2

This process was prevalent in the U.S. up until 1973 at which point natural
production became the dominant technology. By 1986, synthetic production

had essentially been completely replaced by natural production in the U.S.

33  Alkali Technology

Alkali (Na,O) chemicals in the U.S. consist primarily of caustic soda and soda

ash. Both of these chemicals are a good sources of Na,O as both contain

sodium and oxygen. The use of soda ash versus that of caustic soda can be

101bid, 733.2000 F
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compared by comparing the alkali contents of each. These alkali contents can

be calculated as follows:

Chemical Alkali Equivalent
1 ton of Caustic Soda 0.76 tons Alkali
1 ton of Soda Ash 0.58 tons Alkali

When a chemical process only requires a source of sodium ion, soda ash is

typically the chemical of choice because it is has a relatively lower cost per
unit of alkali (Na,0). On the other hand, when both a sodium source and a

high alkalinity are required, caustic soda is preferred. In addition, soda ash is
only supplied in solid form while caustic soda can be supplied in liquid form.
Many users of alkali find it more economical to use a liquid form of alkali

because it is easier to handle and process.
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CHAPTER 4
SUPPLY/DEMAND

Data of the supply and demand of chlorine, caustic soda, and soda ash were
collected from several available public sources. These sources consist of
compilations of government statistics and industry surveys. Overall, the data
is believed to be accurate to within 2%. Values for changes in inventory,
however, may have high margins of error. These values, though, represent

only a small fraction of total consumption in any given year.

41  Chlorine Supply and Demand

Table 4-1 lists the components of chlorine supply and demand from 1960 to
1989. Figure 4-1 provides a plot of this data. During the thirty years of study,
chlorine production increased from 4,637 thousand Short Tons (M-ST) to
11,832 M-ST with an average growth rate of 3.3% per year. Capacity has also
grown, but not always in step with production. Utilization has therefore
fluctuated throughout the period, typically at around 90% but dropping to as
low as 70 percent and as high as 97 percent.

Domestic demand (Apparent Consumption) was calculated by subtracting net
derivative exports from total production. Inventory change was not included
because, for the most part, chlorine can not be inventoried because of its

hazardous and reactive nature. In 1980, Dow used approximately 500 M-ST of

chlorine to produce excess ethylene dichloride (EDC) as a means of storing
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Figure 4-1: Chlorine Demand
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chlorine.1l They then consumed this EDC over the next two to three years to
produce vinyl chloride monomer which is then used to produce polyvinyl
chloride. This effectively increased the consumption in 1980 and reduced the

consumption in the following few years.

Apparent consumption of chlorine has increased from 4,637 M-ST in 1960 to
11,027 M-ST in 1989 with an average annual growth rate of 3.0%. The growth
rate per year has fluctuated quite widely throughout the period of study with

years of significant decline as well as growth.

Imports and exports of elemental chlorine are relatively small because of the
difficulties in transporting such a hazardous material. An analysis of
chlorine trade, however, should include trade of compounds containing
chlorine (chlorine derivatives). During the study period, net derivative
exports of chlorine rose from essentially zero in 1960 to roughly 400 to 500 M-
ST throughout most of the 1970s and 1980s with some variation around this

average.

Table 4-2 gives a breakdown of the end users of chlorine. As shown, general
organics comprise nearly 30% of the total consumption of chlorine. This
market, however is somewhat fragmented by a variety of specialty chlorine
derivative organics that are used in the industry. Included in this segment
are chlorinated solvents that are raw materials to the production of chloro-
fluorocarbons (CFCs). The EPA has instituted regulations to control and

eventually eliminate the use of CFCs because they are suspected of damaging

11patrick Baker, Manager Business Development, Olin Corporation, Personal
Communication, 1991.
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the ozone layer. Thus, growth in this industry is expected to slow due to
these environmental pressures. These segments are, in general, highly
dependent on chlorine as a raw material and are therefore very insensitive to
price movements in the short term. Production in these industries will tend
to fluctuate with the economy and GNP thereby leading chlorine demand to
fluctuate with GNP.

Table 4-2: 1989 Chlorine End Use Profile

Segment% Of Consumption
Organics 29.1
Viny! Chloride/

Polyvinyl Chloride 28.6
Inorganics 10.6
Hydrochloric Acid 10.2
Paper Bleaching 15.0
Water Treatment 6.4
Total 1660

Source: Olin Corporation, "Chlorine End-Use Analysis”, Internal Report, 4/23/90

The next largest segment, vinyl chloride/polyvinyl chloride is very focused
on the ultimate production of polyvinyl chloride. Polyvinyl chloride is
essentially a commodity material and is used throughout the economy as a
basic plastic material. This segment of the market would, therefore, tend to be
linked closely with the general economy and GNP. In the short term, this

market tends to be insensitive to changes in chlorine prices because chlorine
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is an essential raw material to the process. In the long term, however,
changes in chlorine price will affect the competitiveness of PVC with other

basic plastics.

Paper bleaching comprises the next largest segment of the market. Paper
companies use chiorine in their pulping process to bleach the pulp white.
Environmental concerns have recently arisen over toxic chemicals that may
be discharged from this process and which are thought to be generated by the
use of chlorine.12 Because of this concern, paper manufacturers are switching
to alternate bleaching technologies to reduce the formation of these toxic
materials. The primary replacement technology involves the use of increased
amounts of chlorine dioxide, and less chlorine in the primary bleaching stage.
In the past, the primary bleaching stage would use only 10% chlorine dioxide.
The new technology involves the use of 50% chlorine dioxide, thereby
reducing the amount of chlorine needed.

The inorganics segment consists of a number of relatively small segments
which are expected to grow slightly over the next few years without
significant threat of substitution. These segments will tend to be insensitive
to price movements because of the lack of substitution. Like other segments,
however, this segment and its demand for chlorine will tend to be linked to

the economy and GNP.

12Marilynne Smart, Rice, G., Leder, A., Schlegel, W., Nakamura, E.,
"Chemical Economics Handbook Marketing Report - Chlorine/Sodium
Hydroxide", Chemicai Economics Han SRI International, 1989,

733.1002 Q.
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The hydrochloric acid segment represents an important portion of the
consumption of chlorine. Hydrochloric acid (HCI) is produced as a by-product
in many processes using chlorine. This by-product HCI must be either
disposed of or sold. The economics of selling and disposing of this HCI will
therefore impact the economics of the processes using chlorine. In addition,
HCI consumption tends to be somewhat price sensitive because of its
competition with other forms of acid such as sulfuric acid. Thus, this

segment, and its demand for chlorine, will tend to be price sensitive.

The water treatment sector, however small, comprises a relatively stable
sector of the market. Although this market is considered to be saturated,
there are currently no substitutes threatening to displace chlorine from this
market. This, however, may change in the near future as further

environmental concern mounts over the use of chlorine.

Overall, the demand for chlorine tends to face few substitutes and should
therefore be relatively price inelastic in the short run. On the other hand, the
processes that use chlorine tend to move with the economy and GNP

Chlorine demand, therefore, should also fluctuate with GNP.

42  Caustic Soda Supply and Demand

The components of caustic soda supply and demand are listed in Table 4-3
and plotted in Figure 4-2. Production of caustic soda has followed that of
chlorine because of the co-production nature of the industry. The ratio of
caustic soda production to chlorine production has declined through the
1960s to the early 1980s due to the increased production of chlorine through

alternate technologies. This ratio has rebounded slightly over the past few
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Figupe 4-2: Caustic Soda Demand
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years due to the low price of chlorine which has made alternate chlorine

technologies uneconomical.

Imports of caustic soda, although not exceedingly large, have grown from
essentially zero in 1960 to approximately 600 M-ST in 1989. Exports have
continuously exceeded imports and have also grown, reaching over 1900 M-
ST in 1989.

Changes in inventory have not been recorded continuously throughout the

period but were estimated to be small, ranging from -365 M-ST to 335 M-ST.

Finally, apparent consumption has grown from 4706 M-5T in 1960 to 11,159
M-ST in 1989 with an average annual growth rate of 3.0%.

Like chlorine, the annual growth rate of caustic soda apparent consumption
has fluctuated quite widely throughout the period of study with years of
significant decline as well as growth. In general, the fluctuations of caustic

soda growth have followed those of chlorine growth.
Table 4-4 lists the breakdown of caustic soda consumption by segment. Over

70% of caustic soda consumption is accounted for by three segments,

inorganic chemicals, organic chemicals, and pulp and paper manufacturing.
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Table 44: 1987 Caustic Soda End Use Profile

Segment% of Consumption
Chemicals
Inorganic 23.1
Organic 219
Pulp and Paper 253
Oil and Gas Industry 4.1
Soap and Detergent 29
Water 29
Miscellaneous 15.8
Total 100.0

Source: Olin Cerporation, “Caustic Soda End-Use Analysis”, Internal Report, 3/88

Chemical manufacturing is the largest consumer segment for caustic soda,
comprising 45% of the caustic soda market. In this segment its primary uses
include:

¢ waste acid neutralization

e process pH control

e off-gas scrubbing

catalysis

e extraction
In all of these applications, caustic soda is used primarily as a means of
providing a source of high pH or alkalinity. This segment of use is subject to
a variety of process improvements that could potentially reduce the amount
of caustic soda needed. Thus, one would expect this segment to be somewhat
more price elastic than other segments. In addition, production in the
chemicals industry tends to be tied with the state of the economy and with
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GNP. As a result, caustic soda demand in this segment should also fluctuate
with GNP.

The pulp and paper market is the next largest segment of caustic soda
consumers, accounting for 25.3% of the caustic soda supplied in the U.S.
Caustic soda, in this industry, is used primarily for three purposes which
include:13

1) to help break down wood into pulp in the Kraft pulping process;

2) to extract lignin from the pulp during the bleaching process; and

3) to produce sodium hypochlorite which is also used in the bleaching

process.

Other minor uses of caustic soda include water treatment, ion exchange resin

regeneration, equipment cleaning, and off-gas scrubbing,

Growth of caustic soda consumption, in this industry is closely tied to the
growth of the demand for pulp which is estimated to be less than 1% over the
next several years. Environmental pressures are reducing the amount of
sodium hypochlorite that is used in the bleaching process which will thereby

reduce demand of caustic soda.

Also, either caustic soda or soda ash can be used in the pulping process.
Caustic soda has been the chemical of choice because it is easier to handle (in
liquid form) and can be purchased or manufactured on-site in conjunction
with the required chlorine. In addition, use of caustic soda, versus soda ash,

puts less of a demand on the chemical recovery systems used at paper mills.

131bid, 733.1002 S.
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But, as the price of caustic soda rises, more paper mills may increase their use
of soda ash at the expense of caustic soda. Thus, use of caustic soda in this
industry should be price elastic but less so than that of other chemical
segments. The paper industry, and its use of caustic soda, will also tend to

fluctuate with the economy and GNP.

The remaining segments of caustic soda consumption are all small and tend
to be driven by the state of the economy and should fluctuate with GNP.

Growth in these areas is not expected to exceed 2% per year.

Overall, caustic soda has more substitutes than does chlorine. Caustic soda
demand should therefore be more price elastic than chlerine demand. The
users of caustic soda also tend to be tied to the economy and GNP which will

cause caustic soda demand to fluctuate with GNP.

43  Soda Ash Supply and Demand
The components of soda ash supply and demand for the period 1960 to 1989

are listed in Table 4-5 and plotted in Figure 4-3. Production of soda ash has
increased at an average annual rate of 2.2%, significantly less than that of

chlorine and caustic soda.

Imports of soda ash have been relatively small during the study period
increasing from zero in 1960 to 142 M-ST in 1989. Exports, on the other hand,
have accounted for a significant portion of production. Exports have
increased from 170 M-ST in 1960 to 2919 M-ST in 1989, growing at an average

annual rate of 10.3%. This large increase has been due to the lower costs of
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Figure 4-3: Soda Ash Demand

10000

i

Thousand Short 4000

Tons

2000 “(

@

Year

® Production T} Imports *- Exports

< Inventory 4 Apparent
Change Consumption

42



production that U.S. manufacturers have enjoyed over the past 20 years
through the availability of natural production.

Apparent consumption of soda ash has increased from 5,163 M-ST in 1960 to
7,183 M-ST in 1989, with an average annual growth rate of only 1.2%. The
difference between the growth in production and the growth in domestic
consumption is due to the large increase in exports. Annual changes in
consumption have fluctuated somewhat, in a similar fashion to that of both

chlorine and caustic soda.

Table 4-6 gives the breakdown of soda ash consumption by major segment.

Table 4-6: 1989 Soda Ash End Use Profile

Segment% of Consumption
Glass 50.9
Chemicals 218
Soaps and Detergents 12.1
Pulp .nd Paper 18
Water Treatment 14
Flue Gas Desulfurization 32
Other 8.8

Total 100.0

Source: Kostick, D.S., "Soda Ash Minerals Yearbook", US. Department of the Inlerior, Bureau
of Mines, 1989
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By far, the largest consumer of soda ash is the glass industry, accounting for
50.9% of domestic consumption in 1989. Soda ash, in this industry, is used as
a source of alkali (Na,O) in the glass formulation which reduces the
temperature necessary to form glass.14 Typically, glass formulations will
contain about 12-15% alkali by weight. This corresponds to approximately 20-
25% of soda ash by weight. The use of soda ash in this segment has been
declining somewhat due to the increased recycle of used glass and increased

competition of plastic and aseptic containers.

In general, however, this industry relies exclusively on soda ash as its alkali
source and would tend to be relatively price inelastic. Also, glass production
tends to fluctuate with the economy and GNP. Soda ash consumption in this

segment will, therefore, also fluctuate with GNP.

The chemical industry accounts for 21.8% of total domestic soda ash
consumption. Soda ash in this industry is used as a general source of alkali
and competes most heavily with caustic soda. Of the chemicals it serves, soda
ash is used primarily as a relatively less expensive source of sodium. Caustic
soda, on the other hand, is used both as a source of sodium and as a source of
high pH. Caustic soda and soda ash will compete in this market based on the
technology of the particular chemical production and on the price differential

between caustic soda and soda ash. This segment will, therefore, tend to

14F, Alan Ferguson, Callison, S.L., Shimosato, J., and Garnett, A., "“Chemical
Economics Handbook Product Review - Sodium Carbonate and

Sodium Bicarbonate", Chemical Economics Handbook, SRI
International, 1984, 733.2000 W
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demonstrate some price elasticity. Use of soda ash in this segment will also

fluctuate with GNP because of the cyclical nature of the chemical industry.

The next largest segment is soaps and detergents, accounting for 12.1% of
domestic soda ash consumption in 1989. Use of soda ash in this industry
varies by the particular product and can range from less than 1% to 70% by
weight.15 Caustic soda and soda ash compete rather heavily in this market as
many of these operations can use either as a source of alkali. Growth in this
segment is expected to be similar to the growth in GNP. Again, soda ash
consumption in this segment will be price elastic and will move in relation to

GNP.

The remainder of soda ash consumer segments are all relatively small. Of
them, only flue gas desulfurization is expected to have any significant growth,
which will be spurred by new environmental regulation to control flue gas

emissions.

Overall, soda ash consumption will tend to be price elastic, but more
importantly, will fluctuate with the price of caustic soda. Like caustic soda,

changes in soda ash consumption will also follow changes in GNP.

44  Alkali Equivalent Demand

Using these conversion factors, the apparent consumptions of caustic soda

and soda ash were converted to alkali equivalent consumptions. These are

151bid, 733.2001 E
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plotted in Figure 44. Figure 4-5 plots the soda ash fraction of total alkali

consumption over time.

Total alkali consumption grew steadily throughout the 1960s, increasing from
6,571 M-ST in 1960 to 10,874 M-ST in 1970. Total alkali consumption growth
has fluctuated widely since 1970. By 1989, total consumption reached 12,647
M-ST. The soda ash portion of total alkali consumption fell steadily from
46% in 1960 to 33% in 1989.

Total alkali consumption should fluctuate with the price of caustic soda
because both caustic soda and soda ash consumption will tend to move with
this price. Also, total alkali consumption should be related to GNP, reflecting
the cyclical nature of both caustic soda and soda ash.
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Figure 4-4: Alkali Consumption
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CHAPTER 5
PRICE TRENDS
Data for prices was collected for chlorine, caustic soda, and soda ash. This data
represents the industry annual average prices for these materials. Prices for
different producers and within different times of the year may vary slightly.
These variations, however, do not significantly affect the accuracy of the price

data. Overall, price data should be accurate to within 2%.

51  Chlorine, Caustic Soda and ECU Price Trends

The historical prices of chlorine and caustic soda are plotted in Figure 5-1. In
addition, Figure 5-1 includes an ECU price which is calculated based on the
price of 1 ton of chlorine plus 1.1 tons of caustic soda. The prices of chlorine
and caustic soda have varied substantially over the thirty year period. At
times, the chlorine price exceeded that of caustic soda and at other times, the

caustic soda price exceeded that of chlorine.

This price fluctuation depended on the relative supply and demand of the
two chemicals at the time. Because of the co-production nature of the
business, the two chemicals have to be priced such that both will sell in
proportional amounts. For example, if the demand for chlorine were low
while that of caustic soda was not, then chlorine would have to be priced low
in order to sell it. At the same time, the price of caustic soda would have to
rise to dampen the caustic demand and to provide a profit on the combined

ECU production.

Based on this price interaction between caustic soda and chlorine, one would
expect the price of an ECU to be much more stable than that of either chlorine
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or caustic soda. As can be seen in Figure 5-1, this is indeed the case. Although
the price of an ECU has varied, it has shown somewhat more stability than

that of chlorine and caustic soda.

52  Soda Ash and Caustic Soda Price Trends

The relative alkali equivalent prices of caustic soda and soda ash were
calculated using the alkali equivalent conversion factors given in Section 5.3
and are plotted in Figure 5-2. It should be noted that these prices do not
include freight cost which can be a significant portion of the price paid by the
consumer. These data therefore reflect the prices received by the producers of
caustic soda and soda ash. Consumers of caustic soda are generally located
closer to caustic soda producers. Soda ash, however, is produced primarily in
Wyoming and must, on average, be shipped greater distances to the
consumer. Thus, the shipping costs of soda ash tend to be higher than those

of caustic soda.

Figure 5-2 shows that the alkali equivalent price of caustic soda has indeed
exceeded that of soda ash over the past thirty years. This might be expected
because of the costs of converting soda ash into caustic soda, the fact that
caustic soda is available as a liquid which is easier to handle and, finally, the

lower shipping costs of caustic soda.

It also appears that the alkali equivalent price of soda ash has moved with
some lag in relation to the alkali equivalent price of caustic soda. Again,
because soda ash can be substituted for caustic soda, one would expect the
supply/demand balances for caustic soda and soda ash to be linked. In

particular, a high price of caustic soda would lead marginal users to switch to
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soda ash and thereby increase the demand for soda ash. This rise in soda ash

demand would then lead soda ash producers to raise their price.

In April of 1989, soda ash producers responded in just this way. General
Chemical Corp. and Tenneco Minerals Co. announced a rise in their price of
soda ash due to the high demand. This strong demand was caused by the
substitution of the less expensive soda ash for the higher priced caustic
soda.16 This, in turn, resulted in soda ash supply shortage which led soda ash

suppliers to renegotiate their contracts.

16Dennis S. Kostick, “Soda Ash”, US. Department of the Interior, Bureau of
Mines, 1989.
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CHAPTER 6
MODELING METHODOLOGY

The purpose of this study was to provide a mathematical explanation of how
prices and consumption vary in the chlorine and alkali markets. As
previously explained, the co-production nature of chlorine and caustic soda
strongly affects how these chemicals are priced and how their consumption
varies with price. In addition, soda ash is the prime substitute for caustic soda
in the alkali market and its pricing and consumption patterns should be
strongly correlated to those of caustic soda. Thus, these three commodities
interact in such a way that makes pricing aid consumption analyses quite

complex.

In this study, two basic models are examined which include:

e An elasticity model that examines income and price elasticities of

chlorine, total alkali, and soda ash.

o A time series model that examines the trend of consumption and

prices as a function of time only.

61  Elasticity Model

The elasticity model assumes that consumptions of chlorine, caustic soda, and
soda ash vary as some function of income (GNP), prices, and their lags. Real
variables (versus nominal) were used because these can be compared across

years.
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In addition, caustic soda and soda ash consumption were modeled together as
total alkali. As explained in section 5.3, caustic soda and soda ash are used,
primarily, as sources of alkali. Thus, the best description of the demand in
this industry examines the demand for total alkali. Finally, the demand for
soda ash was examined separately so that its net effect on alkali demand could
be separated from that of caustic soda. The price of caustic soda was used to
describe demand in the analysis of total alkali. The prices of soda ash and
caustic soda have historically been closely related because of the strong

competition between the chemicals as sources of alkali.

Thus, the overall model would look something like:

L = FGNP; PC; lags of P)

Alk cs cs
C™ T =FGNP, Py lags of P)
CSA = FGNP,; P5; lags of PS5

CS _ ~Alk _~SA
C=C " C

PSAt = F(Pcst; lags of PC5)
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Where:

CCIt = Chlorine consumption in year t
CAlkt = Alkali consumption in year t
CCSt = Caustic soda consumption in year t

CSAt = Soda ash consumption in year t

PCl

¢ = Average annual real chlorine price ir year t

CS

P

= Average annual real caustic soda price in year t

GNP, = Real GNP in year t

The natural logarithms of all variables were used as inputs to the regression
analysis. Coefficients from this type of regression give elasticities directly and
are thus more easily interpretable. It also assumes that elasticities are

uniform and do not vary with price.
Two types of models were used for the elasticity analysis which included:

» Straight Regression - Regressing logged consumption as a function of

logged GNP and logged prices.

e Differenced Regressions - Regressing annual changes in logged
consumption versus annual changes in logged GNP and annual

changes in logged prices.

The straight regressions assume that consumption in any given period will be

a function of the level of GNP and of prices. The differenced regressions
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assume that consumption will change in response to changes in GNP and

prices.

The results of the straight regression mode! are discussed in Appendix A.
This mode! gave several results that were difficult to explain and also showed
that differences in variable might be important to consider. Because of this,
the differenced models were selected as a better picture of the variations in
consumption as a function of income and prices. The differenced equations
that best describe consumption behavior for chlorine, caustic soda, and soda
ash are summarized and discussed in Section 7.1

62 Time Series Model
The time series model assumes that the demands and prices for chlorine,
caustic soda, and soda ash follow some time cycle that can be predicted as a

function of time without other predictor variables.

One explanation for these cycles is as follows:
A low price will lead to a high demand which, in turn, will lead to a
high price. The high price will then lead to a reduction in demand.
Finally, the reduced demand will create an over-capacity in the industry
and producers will lower their prices to start the cycle all over again.
The times series model assumes that this pattern occurs with some

regular frequency over a certain number of years.

Thus, the time series model that describes this industry will look something
like:
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Cl Cl
C=FC™ y cyce factor,)

cAlk - cAlk ; cycie factor)

CSAt= F(C® AH; cycle factor)
(:CSt - CAlkt ; CSAt

PCIt = FpC! cycle factor,)

t-1°

PCSt = F(Pcst_l; cycle factor,)

PSAt = F(Pcst; lags of PCS5)

where: cycle factor is some factor that ranges from +1 to -1 over the period of
time that the variable cycles through. In particular, the cycle factor

will be a cosine function as follows:

cycle factor,= Cosine(r/N*(Year -Reference Year))

r = 3.14159

N = Number of years in the cycle

Year = Year of period t

Refereace Year = Year at which the cycle starts.

This cycle factor will therefore give an estimate of when growth in the
industry can be expected to increase or decrease. The function predicts that
the log of price or consumption will be higher than the general trend when
the cycle factor is positive and lower than the general trend when the factor is

negative.
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63 Initial Data Set Analysis

As described in section 6.1, this model compares changes in consumption
versus changes in real GNP, real price, and its lags. Figure 6-1 plots chlorine,
total alkali, and soda ash consumptions versus GNP. Figure 6-2 plots of
chlorine consumption versus real chlorine price. Figures 6-3 and 6-4 plot the

consumptions of total alkali and soda ash versus the real price of caustic soda.

Chlorine, total alkali, and soda ash consumptions show clear correlations
with GNP throughout the thirty year study period. The relationships with
price, however, appear somewhat different. The trends in the data of the first
fifteen years of the study period, appear to be different from those of the
following fifteen years. In general, the demand for all three chemicals
consistently grew during 1960 to 1974. After that period, these industries

matured and consumption was driven more by the supply/demand balance.

In the early 1970s, environmental issues became much more of a concern in
the U.S. Some of these concerns have been targeted at chlorine and its
derivative products and have resulted in a reduction in the demand for these
products. In addition, the oil shock in 1974 put pressure on the suppliers of
chlorine and caustic soda because of their high dependence on power. Thus,
these two events created pressures that changed the nature of the demand for

chlorine, caustic soda, and soda ash.
Because of these differences, the data set was divided into two 15-year subsets;

1960 to 1974, and 1975 to 1989. This division provides an analysis of how

elasticities and general trends changed as these industries matured.
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CHAPTER 7
REGRESSION RESULTS

Stepwise regression was used to determine the most significant variables for
the different correlations. The dependent variable, AIn(C) (change in the

logarithm of consumption, was regressed against:

AIn(GNPy) = change in the logarithm of real GNP from year t-1 to t
Aln(P¢) = change in the logarithm of real price from year t-1 to t

Aln(Pt-) = change in the logarithm of real price from year t-i-1 to t-i

Table 7-1 presents the results of these regressions for chlorine, total alkali, and
soda ash consumption. Also included is the best-fit regression equation that

describes the price of soda ash as a function of the price of caustic soda.

The coefficients of these regressions are estimates of the elasticities of
chlorine, alkali, and soda ash consumption. This elasticity provides a
measure of the percentage change in consumption that would result in the
percentage change in the indicator variable. For instance, an income elasticity
of 2.4 suggests that a 2.4% change in GNP would result in a 2.4% change in
consumption. The elasticities estimated from this regression analysis are

summarized in Table 7-2.
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Table 7-2: Elasticities of Chlorine, Total Alkali, and Soda Ash Consumption

1960t0 1989 1960t01974 1960 tn 1969

Chlorine Consumption

Income Elasticity 24 1.2 3.0
Current Price Elasticity 0.0 0.0 0.0
Lagged Price Elasticity /Years Lag -0.18/2 0.0 0.14/2
Alkali Consumption

Income Elasticity 1.7 1.1 2.5
Current Price Elasticity -0.09 -0.18 0.0
Lagged Price Elasticity /Years Lag 0.0 0.0 0.16/3
Soda Ash Consumption

Income Elasticity 1.2 0.9 1.6
Current Price Elasticity 0.0 0.0 0.0
Lagged Price Elasticity/Years Lag -0.08/4 -0.08/1 -0.07/4

66



7.1.1 Chlorine Consumption

Best-fit regression equations for chlorine consumption are given in Table 7-1.
The income and price elasticities of chlorine consumption are summarized in
Table 7-2. These regressions indicate that chlorine consumption was
completely price inelastic during 1960 to 1974. The income elasticity was
estimated to be 1.2 during this period, indicating that chlorine consumption
grew slightly faster than GNP.

During 1975 to 1989, the income elasticity was estimated to be 3.0. Also, this

correlation suggests that chlorine consumption this period i3 dependent only

on the prices two and three years ago (Aln (PCl

t_2). This price elasticity is
estimated to be only 0.14 which is relatively inelastic. Again, for many of the
processes which use chlorine, there are few to no substitutes in the short-
term. The demand for chlorine, therefore, should be relatively price inelastic.
The lag effect of prices is most likely a function of the time that it takes
chlerine users to respond to changes in the price. This lag in response could

be due to the time to put engineering changes into effect in addition to the

time it takes consumers to perceive a price change as being permanent.

A comparison of the 1960 to 1974 data set with the 1975 to 1989 data set
indicates that chlorine has become more income elastic and more price
elasticity. As previously mentioned, chlorine consumption consistently grew
during 1960 to 1975 and then flatted as the industry matured during 1975 to
1989. While the industry was growing, the demand for chlorine was
extremely strong and did not react to changes in price. Once the industry

matured, however, the overall industry became much more dependent on
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the supply/demand balance which resulted in an increase in both income and

price elasticities.

712 Alkali Consumption

The best-fit equations that describe total alkali consumption are given in
Table 7-1. The income and price elasticities of total alkali consumption are
summarized in Table 7-2. The correlation describing alkali consumption
gave an income elasticity estimated to be 1.1 during the period 1960 to 1974.
For the period 1975 to 1989, the income elasticity is estimated to have
increased to 2.5. This significant increase may be the result of caustic soda and
soda ash being used more and more as basic commodity chemicals and

therefore becoming more dependent on the general economy as a whole.

Altaough the price elasticity has not changed much in magnitude, it has
shifted from being an effect of the current price change to an effect of the price
change three years ago. As with chlorine, this lag could be the result of the
timing needed to put engineering changes into effect plus the time it takes

consumers to perceive price changes as being permanent.

During the period 1960 to 1974, the industry was growing steadily and prices
were falling consistently. Consumers could plan their consumption patterns
based on the correct assumption that these trends would continue. But,
during 1975 to 1989, these trends disappeared and planning based on
continued trends was incorrect and led to sluggish reactions to price changes.
Thus, the change from a growth market to a mature market led sluggish

reactions to price changes.
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7.1.3 Scda Ash Consumption

The best-fit correlations for soda ash consumption are shown in Table 7-1
with elasticities summarized in Table 7-2. These correlations show that soda
ash demand during 1960 to 1974 was dependent on the general economy with
an income elasticity of 0.9. As with chlorine and total alkali, the income
elasticity of soda ash apparently increased during the study period, nearly
doubling to 1.6 for the 1975 to 1989 period. This could be the result of soda ash

becoming more and more of a true commodity chemical.

This correlation shows a clear relationship between soda ash supply and the
price of caustic soda. During 1960 to 1974, soda ash demand showed a small
negative elasticity (-0.08) to change in caustic soda price one year ago. During
1975 to 1989, this elasticity was similarly small (-0.07) but switched to being a
function of the change in caustic soda price four years ago. Although only a
small effect, changes in caustic soda prices are reflected in changes in soda ash
demand. As caustic soda prices increase, soda ash suppliers can also charge
higher prices. Demand will then decrease in response to these increased

prices.

Finally, initial regressions of the data gave statistically significant outliers
which indicated that some shocks occurred during 1967 and 1984 to give one-
time shifts in soda ash demand. The shock in 1967 could have been the result
of increasing rationalization of synthetic production as natural production
became more common. Cuts in synthetic production were not always
matched immediately with increases in natural production. As a result,

changes in supply could have altered price and consumption more than

expected.
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The shock in 1984 was the result f a dramatic change in the pattern of caustic
soda prices. In 1984, low chlorine demand led to lower production of both
chlorine and caustic soda. Caustic soda demand, however, did not fall in
proportion to the deciine in chlorine demand. This led to a tight market for

caustic soda and thus, higher caustic soda prices.

7.1.4 Caustic Soda/Soda Ash Price Relationship

Using the differenced model, changes in the real price of soda ash were
regressed against changes in the price of caustic soda. The results of these
regressions are given in Table 7-1. Overall, for the period 1960 to 1989,
changes in the price of soda ash were correlated with changes in the price of
caustic soda one year ago and five years ago. The correlation indicates that a
1% change in the caustic soda price one year ago would result in an 0.2%
change in the price of soda ash today. Also, a 1% change in the caustic soda
price five years ago would result in an 0.35% change in the price of soda ash
today. Thus, the effect of changes in prices five years ago have more of an

effect than changes in last years prices.

Soda ash price for the period 1960 to 1974 showed a similar relationship with
only changes in caustic soda price four years ago being significant. The
relationship suggests that a 1% change in caustic soda price four years ago will
lead to an 0.7% change in soda ash price today. Finally, for the period 1975 to
1989, the relationship is similar to the overall relationship with changes in
caustic soda prices one year ago and five years ago affecting soda ash. price

today.
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Intuitively, these correlations indicate the timing at which the soda ash
market reacts to changes in prices of caustic soda. When the price of caustic
soda increases, soda ash becomes more economical to some alkali users and
demand for soda ash rises. This change in demand, however, is not
immediate. There will be those soda ash users that can use either caustic soda
or soda ash without changing technology. These users will increase demand
within one year and, as a result, suppliers will raise prices. Other alkali users
that will switch will require a change in technology to use soda ash in place of
caustic soda. This change will require planning, design, and implementation.
The correlation suggests that this change takes approximately five years to
come into effect. Thus, demand will increase five years after there is an
increase in caustic soda price and soda ash suppliers will respond with their
own price increase. These results agree quite well with the model of soda ash
consumption. As discussed in section 7.i.3, soda ash consumption was

shown to react to changes in caustic soda pricc one year ago and five years ago.

7.1.5 Summary of Differenced Regressions

Overall, the income elasticity of chlorine consumption has been slightly
greater than that of total aikali consumption over the thirty year study period
(1960 to 1989). More interestingly, the income elasticities of both chlorine and
total alkali consumption have more than doubled from their levels during
1960 to 1974 to their levels during 1975 to 1989. The income elasticity of soda
ash has been consistently less than that of both chlorine and total alkali and
has also nearly doubled from its level during 1960 to 1974 to its level during
1975 to 1989. Price elasticities of chlorine and alkali consumption have been
similar in magnitude throughout the period while chlorine consumption has
generally reacted two to three years earlier than alkali and soda ash
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consumptions to changes in price. All of these price elasticities are small and
indicate that chlorine, total alkali, and soda ash consumptions are relatively

insensitive to price changes.

The large increase in income elasticity of all chemicals suggests that
consumption has become more of a function of the overall level of the
economy. During 1960 to 1974 the demand for all three chemicals could be
described as consistently growing because of an increase in the uses for these
chemicals. This growth, although linked somewhat to the overall economy,
depended more on the increases in use. During 1975 to 1989, growth
diminished as the industry matured. As such, demand became less of a

function of growth and depended more strongly on the overall economy.

In general, the price elasticity of soda ash has been about half that of either
chlorine or total alkali. With its strong export markets, soda ash has
maintained more growth than either chlorine or caustic soda. This steadily
increasing export demand has been relatively price insensitive and has

therefore lowered the overall price sensitivity of soda ash.

Finally, soda ash and caustic soda prices are indeed closely related. This
strong interaction is a result of the competition that exists between the two

chemicals as they make up nearly all of the alkali market.

72 Time Series Analysis of Consumption

Based on the results of an analysis of the autocorrelation of chlorine, alkali,
and soda ash consumption, and chlorine, caustic soda and ECU prices, it

became quite evident that a significant time series trend existed in all of these
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variables. This analysis, presented in Appendix B, highlighted the following
facts about the data:

1) The data sets of 1960 to 1974 and 1975 to 1989 are indeed quite
different. This provides further support for separating the data

when conducting the regression analysis.

2) During 1960 to 1974, all data show strong first lag positive
autocorrelation and some nine to ten year lag negative
autocorrelation. This suggests that there is some long-term cycle

affecting the growth of consumption of these three chemicals.

3) During 1975 to 1989, all data show first year lag posi'ive
autocorrelation with some four year lag negative autocorrelation,
followed by roughly eight year lag positive autocorrelation. This
suggests that there is still some cycle affecting the consumption
growth of these chemicals but that this cycle has now become

shorter.

72.1 Chlorine Consumption Time Series Analysis

The best-fit time series regressions for chlorine consumption are given in
Table 7-3. For the period 1960 to 1974, chlorine consumption showed a strong
relationship to lagged chlorine consumption. This relationship was not
statistically significant for the pe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>