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ABSTRACT ' v
A model was develpped to predict the ef:;cts of natural aas

supply and. demand on both the prices of natural gasfand the prices

of chemica]s.ﬁdnufactured from.natural Qas. ’The moder consisted of
three, parts. ~The first section determined the market$ far various
A1be}ta-produced chgmit;ls Skd the sensitivity of the markets to such
factors as na%ura] gas price, ar1ffs, freiaht rates, and plant size.
This case constituted full natural gas supply. In the second part

of the ana]ys1s, the effect of~natural gas shortaqe on chepical and
natural aas prices was invest1qated The last section: of the model
approximfted“natural gas :zpcbs from the demand for varipué chemica]s.
In this analysis, connndity price was dictated by the'price consumers

are willina to pay, régardless of the costs of producing that commodity.

- The difference between Qroduct}qnvcosts and demand price determined .
éhé natJraT gas price that chemical producers could afford. It was |

this qgas price which was calculated.
)

iv
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CHAPTER |
THTRODUCT IO "

*

"1t has been widely.accepted that natural gqs demand is out-

stripping conventtfonal supﬁly in the United Stafes (1, 2). Con- ’

sequent]y, unless major new qas discoveries are made, serious nat:ral
qas shortages will occur by the late 1970's. [t is the object 6{
this study to determine the effects of natural oas shortfalls oﬁ'
th{ chemical indust}y. which is a principal industrial consumer of
natural gas.

Nne consequence of the uncertaintv of natural nas SUD;IV in
the Unfted States is that attention has focused on Alberta as a
source of relatively se@ure aas supplies.

Natural' gas is an inportant chemical feedstock. Alberte is
therefore becomi&q the site of a méjor chemical industry.

Several proposals have-been presented to construct larae chemi-
cal plants in this province (3), but market studies must be carried
out to ascertain the number and size of plants which should be built.
In Chapters II throunh V, the markets for ammonia, qgthanol, and
ethylene, the three major proposed chemicals, and the sensitivity
of the markets to such factors.as natural aas price, tariffs, and
freioht rates are determined.

Natural gas shortages have two other far-reach'n~ effects: high-
er natural gas prices, and periodic shutda;ns of industry. The firdt

effect is obvious from fundamental economics. !'f deman¥ of a commo-

dity exceeds potential sunnly at a qiven price, —arket forces cause

| ok e L TR S G g e e L R TS W,
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. 1 :
the price to increase. Determining a demand curve for natural nas

is therefore importart in estimatina natural aas prices. In Chabter

)

. : . . ﬂ
VIII, a natural aas demand curve is derived from an ammonia derand

. I

curve, ammonia being manufactured from natural oas.
Periodic industry shutdowns, of course, are alreadv occurring 1in

the United States. £flectrical "brownouts” are cormon alona the fast
Coast. These ﬁndustry shutdowns have resulted in sHBrtanes of cor-
modifies produced by these industries. The Arab 0il embarco caused
videsnread oaso]idé rationina in the U.S. in 1274, Similarly, nat-
uéa] aas shortaces will cause shortfalls in various chemical indus-
tries. JT@e auestion is: what determines who will receive oas
sunplies?

In the United States, tne Federal Power Commission controls the
sunply and price of domestic qas (4). This aovernment bodv has two
alternatives to dealing with the proble~ of natural qas supplv:
either it car reculate the industry and nas suprlies would be ratior-
ed, or it can dereaulate the natural aas industry and allow qas
Prices to seek their cbmpetitive market level. These two alterna-

tives are examined with respect to the ammoria and methancl 1ndus-

tries. the two largest cherical natural nas consurers.



CHAPTER 1I

' MARKET STUDY MODEL _ y

In any market model, price is one of the mos rtant inputs

into the system. The market model described in{this chapter, for example,

is based on gebqraphicai prices, specifically the\prices of petro-

Aed wi::}h’the boundaries

uotes an f.o.b. plant gate

chemica}s[gn va%ﬁpus éreas of North America.

Of‘ZOUrée, gévé?é] pricing systems are conta
of geographical pricés.
price, it ihpiies that fhe buyer pays transportafion charges from the
plant éo the re%ai1 outlet. In this study, f.o.b. prices are defined
as loaded {n:the transport medium (raif, pipeline or water) at the plant
gate, and {nc1ude a 20 investment return to the p:oducer.

Sométfﬁesrproducers quote a‘”zbne price" (5), in which case an area
1§ divided into zones and the same transportation charge is levied to
each market in thé zone, regardless of actual transportation charges to
the market.

A delivered price quote infers that prices to ai] areas are izentical,
with the sell=r paying for transportation. The return to the se]]g:\xaries
with the distance from plant to market. @

Another pricing syster is basing - point pricing (5}, where prices are
quoted for certain base points. A buyer pavs for the transportation fror
the nearest basing point, regardless of actual shipment origin. This
system allows for a standardization of transportation charges.

There are €Rus many pricing systems available. The choice of an

f.o.b. plant price and modifications of this price was simply made

because of the eace of application.



4

The mopé] used in the market penetration study for Alberta-pro-
duced cQﬁéica]s was based on a simpﬂe cost analysis. The cogt of
these chemicals in a market area would equal the production costs,
61us transportation charges, plus any tariffs and taxes levied on
these goods. The price of Alberta product in the market area was
‘compared to Gulf Coast costs, since the majority of the U.S. chemical
industry is located there, and also because the Gulf Coast has been
thé price leader for over twenty years. The fundamental assumption
used was that potential consumers would buy the product from the
cheapest supplier.

The parameters which comprise the manufacturing costs for a-
given plant size are shown in Table 1. Alberta and Gulf Coast
utility costs (6), which are constant for each commodity studied,
are also shown. For this analysis, a breakeven operating cost compari-
son was used. This cost was assumed to equal f.o.b. price minus profit
and deoreciation. The difference between.the-market price and the
breakeven price is simply the proiuca~'s orofic and casica’
reccvary. If the A1beF£a producer cannot meet the Gulf Coast break-
even price in a market area, then he will not sell his product there;
if an f.o.b. price analysis was used, producers could simply reduce
their profit margins in order to capture the market.

The cost of a commodity in the market area is best illustrated
in Table 2. I1f rail freight rates of 2¢/Ton-mile are assumed (77,

the cost of a chemical within a 100-mile radius of a plant site

would equal the breakeven manufacturing cost plus 1¢.1b freight charges.



*in%D CAPITAL
NORKING CAPITAL
TNTAL

NATURAL GZS
FUEL

CHEMICAL
ELECTRI
PRNCESS WATER
CONLTHG WRYER
STELY

LABNP

MBINTE VATCE

Table 1

Chemical Manufacturing Costs

ALRERTA RULF CNAST
S | X Y
St ) Y
s X Y
' COMMY
. X
g X
N X
§. 01 /¥
S .03/M5AL
$.035/MAAL
$1.00/MLE 1. 20/MR
<6.50/HR

Yy NF FIXED CARITNL

NVERHEAD | 120 OF LABOR
TAXES 1.5 0F FIXED CAPIT/L
SALES, ADMI'ISTRATINY X OF TOTAL SALES
DEPRECIATION 10 OF FIXED CAPITAL
PROFIT 20 OF TOTAL CAPITAL
PLANT GATE PRICE Xe/1b Yo/t

*Capital costs are greater in Alberta due to:

1. Winter construction
2. Cost of transportina major equipment
3. Federal tax on construction materials



Imbqrted chemicals into the U.S. would inc]ude\a ;ariéf. which, {n
the case of methanol, onId‘be 1.1¢/1b (8). S%milar]}, Hulf Coast
methanol sold in Montreal would include a 10" tariff (.2-.3¢/1b) (9)1
It shoyld be noted th;; these numbers were used as initial estimates

to illustrate the method.

! ° .
| Table 2
themica] Costs in a Market Areé-
DISTANCE FROM -
PLANT LOCATION ALBERTA GULF CNAST
PLA:T BATE | Y 1.04/1b L 9.9¢/1b
PRICE = PRODUCTION COSTS ‘
SOST A 50 MILES ’ 1.0 +0.5=1.5 09 +05=1.1
: (FREIGHT)
TCAST A 597 MILES N 1.5+ 1.1 = 2.6 1.4+ 0.2 = 1.6
(EXPAPTED) (TARTFF)

From such a table of chemical cost as a function of distance frqm
a plant location, iso-cost lines emanating from Alberta (Medicine Hat)
and the Gulf Coast (8eaumont) were drawn on a map of orth America,
as shown in Fiqure 1. Each line is an eaual-cost line designating
SOO'm}1es by rail, and renresents the productjon cosg, plus tariff,
plus transportation charaes at that boundary. A discontinuity in the
iso-cost lines arises along the 49th parallel because of the tariff
on imports. Also, significant quantities of chemicals are shipped by
tanker from the Gulf Coast to San Francisco and ‘ew Yorl'and via
barge up the Mississippi River to Chicago. Because water transport
is much cheaper than by rail, these locations were also used as focal
points on the map. Hence, if Alherta methanol was produced for |

4
1¢/1b, 1t would cost 3.8¢/1b in San Francisco, including 1.1¢/1b

tariff and 1.7¢/1b rail freight rates. If a barge-tanker rate of
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.5¢/Ton-mile was assumed(10), Gulf Coast methanol produced for 1¢/1b .
" would be shipbed to San Francisca fdr only 1.1C/1b.\and sold there
f6r 2.1¢/1b. Alberta methanol g0u1d therefore not ss marketed in this

area. . . L ‘_ /

From the intersection of the iso-cost lines, a line representing
equal cost of Alberta and Gul f C?ast chem1ca1s was obtained as shown

{
in F1gure 2. This line wduld de$1gna*e the respective ﬁlberta and

Gulf Coést markets. Alberta pronct would be markete1,1n all areas
west and north of this line.

The .location of this line i§ influenced by sg:era] main factors:
the price'of feedstock, plant capatity, tariffs levied on importg,
freight rates, and fe?dstock availabi]ity. The sensitivity of the
market to variations in these factors was examined. MNatural gas

prices have the areatest effect on first-generation chemicals, as

shown in Table 3: .

Table 3 @

Gas Cost as a Fraction of Commodity Plant Gate Prices

Basis: ZSC/ﬁCF Natural Gas, Larae Plants

GAS COST GAS COST

COMMODITY eoMODTTY PRICE COMODITY DTy PRICE
Methanol 0.259 Ammonia 0.1
Formaldehyde 0.078 . Urea ) n.0710

Urea-

Formaldehyde resin 0.073
P1ywood 7.008

Sources: (10, 11, 12)
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As the chemical is further processed, the feedstock cost as a fraction
of chemical cost reduced. [Natural Aas forms 25 of methanol plant
gate  cOSts, but when thé methanol is converfed to the resin used in
plywood, the natural gas cpmponent reduces té aboUt.7 : For this
‘reason, primary chemicals suach as ammonia, methanol, and ethylene
were used in the market Dgnegﬁgtion study. The market for these com-
modities was alsosexamined because they will be manufactured by the
rronesed chemical comnlexes shown in Table 4.

The method used in determinina the market sensitivity to natural
qas nrices and feedstock suoply will nowv be 1iscussed. Because na-
tural gas prices in Alberta and the U.S. are novernment-controlled.
it is difficult to predict what future qas prices will beo.  Therc-

fore, Albherta and Gulf Coast production costs were calculated usirn

nominal nas prices, but it was the difference hetween these natural

31s prices which was~used in determining market sensitivities.

The nyestion of natural ‘aas supply must also be considered, since
.S, demand is outstripninn Drodpctive capacity. As a result, nas
shortaqes will become increasingly frenuent. Plants will shut down
for neriods wnen feedstocks are not available. If a plant is shut
dawn., manufacturine costs will rise because charges such as labor are
constant, but less chemical will be nroduced. For example, the
Tabor cost of a 470 MM 1b/yr methanol plant operatinc at capacity is
about N.0€c/1b [13). 1€ this plant was to shut down for 27 of the
vear, the labor charae would be 120 of .06¢ or .N72¢/1b. Hovever,
feedstock contribution to manufacturing costs would not chanqe because
Feedspock use is oroportional to the plant production. This matnod

0% analvsis was used to determine the effect of down time on Chericy]



Table 4

Proposed Alberta Chemical Plants

COMpAY CHEMIC AL

ALBERTA AMMOYIA AMMO:IT A
ALREPTA GAS CHEMICALC *METHAY DL
*METHANNL
METHANDL
AMMO T A
UREA
ALBERTA GAS ETHYLE'IE *ETHYLENTE

CALGARY PETRNCHEMICAL
DYVELNPMENTS AMMANTA

CANADIRAN FERTILIZERS *AMMO LT A
*JREA
AMMO TS
UREA
POLYETHYLE L
JRAMMATTUM NTTRATS
*AMMNYTA

*DE A

M0

s \ *STYRNFNAM

pA\CAW;?+4ﬂ PETROLE ™ AMMONT A
SHERRITT GNRDAT MINES *AMMONTA EXPATSTAY

*UREA EXPANSIN

*Indicates definite cofistruction (3)

21T otner nlants indefinite

L J

PLANT STI2ZC

5990 TON/DAY
600 TO/DAY
607 TON/DAY

1200 T0'1/DAY

1150 TAN/DAY

1060 TNA/DAY

1.2 RILLINN/YP

4nn TN/ YR
1200 TON/YR

1570 T4/ 00Y

2 - 1200 TPD 1TSS

](}'NW ‘I'Dp

4NN MM OB YR

250 MTNY/YR

4bﬁ MTON/YP

480 MTON /YR

4NN MTAN/Y D

™ 1577 TON/ DY

TN 1270 T/ DAY

N



markets.

Two points must be made about the market analysis. One is
that the method used is applicable only in a commodity oversupply
situation, ie. where productive capacity exceeds demand. In this
instance, markets are determined by price of commodities in the
market area. When demand exceeds capqcity. a commodity shortage
exists, and prices are no longer detg}mined by the costs of pro-
duction. Producers can sell their goods at whatever price the
market will bear.

The other point which should be noted is that at the market
line, because breakeven production costs were used in determining
its location, producers make no profit and recover no capital.
However, when he markets h%s product 100-miles inside the market
1ine, he would make the equivalent of his competitor's transporta-
tion charges plus any tariffs levied over the 100-mile distance.
The price of a commodity would therefore be maximum at the plant

gate.

12



CHAPTER T11

METHANOGL MARMET ANALYSTS

Before examinino the mariet for Alberta-produced methanol. it
might be informative to review the history of methanol production in
Alberta. In the early 1350's Canadian Chemical Ltd.(now Celanese Canada) con-
structeg a complex in Edmonton to produce a yariety of petrochemicals
from hydrocarbon feedstocks (14). One of the bynroducts of the onera-
tion was 1% million pounds per year of chermical arade methanol which
was used captively in-formaldehvde nrod&ction. This plant was a
reasonable size for a methanol olantat that time. However. when larae
methanol plants such as the 1300 MM pound per year rlant at Beaumont,
Texas was built in the U:S. (11), methanol produced at the Chermcel
plant tiecame more expensive than that imported from the h(ulf (oas*.
A combination of the economies of scale of larae plants and the tar-
ff structure arranaed durina the Kennedy Round made methanol pro-
duced in Edmonton non-competitive with Gulf Coast product. Conse-
quently, Celanese shut down its Edmonton methanol plant and beaan
importing from the Gulf Coast. The situation across Canada was much
the same with Canadian methanol being more expensive in Canadian mar-
kets than U.S. methanol.

This situation now appears to be unierqoina significant channe.
As shortages of natural .cas feedstocks developed alona the fulf Coast,
the cost of proncing petrochemicals increased dramatica]ﬁy. 45 4

result attention has focused on Alterta as a source of secure naturi)

qas supplies at unspecified prices. These factors have encouraqged 3

13



number of major chemical companies to‘make.pronosals to the Provincia)l
" Government for the construction of methano! plants in Alberta which

-

Lyoul‘ use natural ‘gas feed. This studv will investiqate the market

for.methanoi‘prquged in Alberta and the sensitivity of this market
to changes in natu;;;\;;;*B;7EE_EFH‘§UvHTYT“ETEﬁT“§T?b} tariffs, and
freight rates. The ana]yiica] framewort_for the study was discussed’
in Chapter ITand will now be applied directly to.the methanol indus-
try. It should be noted !hat contractual arrannements are carried
out between buver and sel]er on an individual basws therefore this
analysis points to'trends in market potential and not exact marke‘s
themselves. .
Tne ,major use of methanol is for the production of formaldehyde
hich is then‘ysed primarily for producting ufe#-formaidehyde resins
fer bonding of wood materials such as plywood (10,11). Because cf
[this fact, formaliehyde capacityss®¥ hnoortant‘in analyzing the meth-.
anol market. Since most;of the marketable U.S. farest reserves ar-
in the Pacific ilorthwest and southeastern U.S., this is where the
majority of the U.S. formaldehyde industry is located, as shown fv
e Fiqure 3. Methanol consumption for formaldehyde production in e;ch
area is designated on the fiaure in millions of pounds per year (]5,
16). Methanol, althouah used mostly for formaldehyde, is also used
in the'synthesis of oraanic solutions, but these plants are located
almost exclusively along the Gulf Coast and in ey Jeesey. The areas
shown thus represent the major market areas for methanol in North
America. ‘“iew market locations will undoubtedly be influenced by 4
variety of factors, one of the primarv ones beinq availtability ird
price of methanol at the plant sites.

-
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Since this étudy deals primarily with chanaes in the miarket area
’ 1

) as a result of chanqes in the aforementioned variabtles, it is neced-

« sary to establish a base caii. A comparison between a 492 millior
pghnd per year plant located in southern Alberta aqd a 1322 million
pound per year Gulf Coast b]ant will be used as the refereﬁce case.
The Alberta 51ant is typical of the size of one of the proposed plants
Bnd the U.S. plant is approximately eaquil in size to the Dupont p]ani'
Droduciﬂg at Beaumort, Texas (15).

Production costs for the Alberta ani Gulf Coast plants ( ) are
. . .
shown in Tatle Z. Jdsing 25¢/Mcf natural oas feed, an Alberta plar*
cquld produce methanol for 2.4-/1b on a ZQ retﬁrn basis, and for a
breakeven operatinn cost of 7.9¢/1b. Rreakeven price was assumed t¢
ecual the total Drojqction cost minus the 20 return and depreciatio:
Jsinc natyral aas’at the same cost, a Gulf Coast manufa-turer coul
orodute metrnancl for about 1.5¢/1b includina profit, ar? 0.7+ 1t on
a brearever hasis. és shown. Usinn this aas price was arhitrary but
'1t‘nf some Hasis in thnat this price was tyéical of 1oﬁﬂ-teim naturd)
ng contracts tnat existed in Albe:ta and the Gulf Coast until tne
garly 737 s It should be pointed out that the marret remaing Lri-
“hanaes évef 1 the nas prices are S1.00/M2f. It 1s\thc Aifforerta)
tnat Jetermines the market. The cost of methanol del}vorvj to tm~<
consumer waz assumed to equal the production costs plus transoor;atiov
charges plus any tariffs levied. Obviously this method of deterrininn.
price 1s idealistiz.  Ir times of oversunply, the producer coul” re-
duce s profit marain to capture the market and in periods of under-

L)
Saptly the price and market are dictated more by demand thar - oot
‘o

For purposes of price determiration, transportation charges of

16
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2¢/Ton-mile by rail and .5¢/Ton-mile by large scale water transport
such as barge were assumed. Since railroads para]]ef major roads(5),
rail rates were based upon road'distances and water transport distances
were measured on a map. The tariffs levied on methanol, which were
established by the Kennedy Réund, are 1.1¢/1b on methanol imported to
the U.S. and 0.2¢/1b on Canadian imports (8, 9). Using this information,
Tines representing qua1 delivered costs for Alberta and Gulf Coast
methanol were obtained and are displayed in Figure 4. The upper (dashed)
line is based upon operating costs 1nc1ﬁding 207 return and the Jower
line upon breakeven costs. In general Alberta methanol is éheaper than
Gulf Coast methanol north of these iso-cost lines. Obviously the market
determined using a breakeven analysis represents the maximum possible,
therefore, this will be the base case. Under the conditions assumed,
Alberta methanol captures only a small part of the Northwest U. S.
market and none of the market in eastern Canada. The cross-hatched area
shown represents the overlap of the breakeven iso-cost line with the
Northwest market area, or about 1/3 of the market. Therefore, the mar-
ket for Alberta methanol in the Northwest would be 1/3 of the 530 million
pounds required at the existing formaldehyde plants, or about 180 million
pounds. The total Canadian market would be only 150 million pounds,
therefore all of the production from one Alberta methanol plant could
not be disposed of under the base case assumptions. Before a major
methano! industry could be eStablished in Alberta, the parameters affec-
ting the market must be changed.

One of the major factors influencing the price of methancl is the

i 4
cost of natural gas.” Therefore, the market penetration could be

c
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increased by maintainino a natuyral qas price advantaae to the Alberta
manufacturer over his counterpart in the Gulf Coast. The areas of.
market penetration using a variety of natural gas differentials for
the two producing areas were calculated using the data from

Table 5. Tﬁe results are illustrated in Figure 5; A 53¢/Mcf gas
nrice advantage allows Alberta methano]ﬂto be competitive jn'almost
the entire 'lorthwest U.S. market, but does not expand the eaétern
Canadian market appreciably. Similarly, a $1.03/Mcf natural aas Qrice
advantagé does not expand tﬁ;\¥otentia1 market in the U.S. beyond that
for 50¢ gas, but Alberta methanol could capture the Canadian market
west of Montreal. The total market givén a $1.00/Mcf advantane would
be about 830 MM 1bs, or the production of two Alberta-sized plgnts.
The significant point about this figure though, is that no peéét}ation
whatsoever 1s madelinto any area in the U.S. other than the Pacific
Aorthwest. ﬂbvious1y.the prospect of cheaper methanol and sé?ure
sourcé‘of supply may encourage methanol users to move into this area
thereby increasinag the market in the future. The range of gas price
differentials selected from O to $1.00/Mcf, is extreme. However,
the use of a dollar differential is somewhat justified in that syn-
thetic gas from coal, which would represent the upper bound on U.S.
natural qas price, is expected to be $1.25 - $1.50/Mcf by 1989 (17).
Alberta wellhead prices are expected to be 50¢ - 60é§kgf in 1975

(18), q]though the exact prices are not @nown, therefore the $1.00/Mcf
differential would represent a possible advantage to the Alberta pro-
ducer. Hereafter, to provide a perspective on the effect of natural

cas prices coupled with the other factors, two cases will be ana-

lyzed: one with a 0 price differential and one with a $1.00/Mcf
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differential.

Two of the param0unf reasons why large plants have not been
built in Canada to take advantage of ‘economies of scale are the small
domestic market and inaccessibility of foreign markets. However,
given certain aas orice concessions, it has been shown that Alberta-
produced methanol could penetrate the Northwest U.S. market. Build-
ing larger plants could possibly expand the potential market. The
manufa;turino costs for various sized Alberta methanol p]énts are
shown in Table' 6. From this table, the market for each plant size
for the zero and dollar gas price differentials was ca]cu}ated, and
is displayed in Fiqure 6. Plant sizes of 40), €07, and 1300 million
pounds per vear are represented. The markets for each are based upon
therbase case parameters of 2¢/Ton-mile freignt, 1.1¢/1b tariff, and
breakeven operating costs. Figure 6 shows that builjding a 1300 pound
per year plant would not significantly enhance the marLet for Alberta
methanol under these constraints. In addition, all of the production
from this plant could not be sold in the projected markets. Thé maxi-
mum nlant size would be dictated by the total consumption in the mar-
ket area. Therefore, since the base case market for a $1.00/MCF aas
price differential would be about 800 million pounds per year, plant
capacity could not be more than this, based on existinq'forma1dehyde
production facilities. ‘ ’

Another factor affecting market penetration is freight rates.
Alberta producers would rely heavily on railways to transport qoods
to Eastern Canadian and U.S. markets, thus freiaht charqges are impor-
tant in determining methahol prices in thé;e areas. Recall that in

the base case analysis, rail freight rates of 2¢/Ton-mile were

22



Table 6

Effect of Plant Size on Production Costs

-

of Alberta Methanol

CAPACITY ADN MM b/ yr €10
FIXED CAPITAL: . - SMM 13.9 20 .
WNRKING CAPITAL: SMM 1.3 2.0
COSTS ¢/1b ¢/1b
NATURAL GAS FEED . 255 .-
CATALYST 065 -
FUEL 154 .
ELLCTRICITY 2 .
BOILER -FEED WATER 003 -
505 5NF,
LABOR 064 .04aN
MATNTENANCE 167 140
OVERHEAD 172 040
TAXES 071 .060
<SALES 048 082
BREAKEVE" .93 ¢/1b .83 ¢/1b
DEPRECIATIOY 473 AN
PROFIT - 1.010 _.en
F.N.8. PLANT 2.42 ¢/1b 2.10 ¢/1b

1370

37.3
3.4

505
015
101
.024
.043

.N32

72 ¢/
284
625

1,63 ¢/1b

23



24

J3y4R [OURYJIW UO BZLS JUB[( JO 32844] "9 3unbl

R

INOWN VY 3g

4IW/00° 1S 3414
0 30144 SVO

N3AINVING |

JUW-NOL/$02 vy
qr/s
¢’0 Ll PEIL: A4t

00€1 009 "4A/QL Wi

\ 00€L - 00t 321S INVd

=~ JT ~N"59vnv
| <

N

o]

m N\ JIANOONVA

| {




25

assumed. Typical charges for unit trains over lonq distances -are
1¢/Ton-mile(10), therefore the base case market wdas recalculated
using this rate. Changing only this variable, the markets for a 400
MM 1b/yr Alberta methanol plant for the two gas price differentials
would shift as shown in Figure 7. The solid lines represent freiaht
rates of 2¢/Ton-mile; the dotted lines 1¢/Ton-mile. From this dia-
gram 1t is apparent that the only new markets in which Alberta metha-
nol would be competitive are the California and Wisconsin areas.

Alberta methanol would also capture the entire Canadian market, aiven

Ld

a $1.90 gas price advantage. The increased market, as compared te the
base case, would bhe about 180 million pounds annually. ATthouah the

. qeoqraphical area in which Alberta methanol would be competitive has
increased substantially, the methanol users in the area represent only
a small fraction of the total U.S. market. It is interestinn to note
that with such rail freight charges, Alberta methanol could not be
exported to the U.S. if gas prices in both areas were equal., as shown
in the figure. Of course, this is contingent upon U.S. producers
having an eaual decrease in freight rates. Because of the high tar-
1ffs imposed on U.S. imports, Alberta methanol would not he competi-
tive in U.S. markets.

From the analysis to this point, it is apparent that even jf
\lberta methanol producers had a $1.00 gas price advantaqe over Gulf
Coast producers, no major markets could be penetrated other than the
Northwest U.S. Because it is landlocked, Alberta producers cannot
take advantaae of low-cost water transport as can Sulf (Coast manu-
facturers. However, methanol could be econémica]]y pipelined to mainr

U.S. markets. The effect of this mode of transport on the base case
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market will be examined.

A commodity pipeline from Alberta to Ohio with connections to
eastern Canada from Aiberta has been proposed (19), and since this study
investigates the effects of various factors on market penetfation, the
pipeline wii] bg,Fonsidered. Transmission charges for this pipeline,
which would be about 2000 miles in length, were derived from tables in
the 01l aﬁd Gas Journal (20). The article showed pipeline transport
costs of $1.60 - $2.10/bb1 for this distance would be applicable.

This translates into a charge of apout 0.6¢ - 0.8¢/1b of methanol shipped.
These numbers are approximate, but if methanol could be transported for
these costs, the Ohio-New Jersey industrial areas would be feasible
outlets for Alberta methanol, as shown in Figure 8, given at least a

$1.00 gas price advantage over Gulf (Coast producers. This expansion .
would result in an increased market of over a billion pounds, just for
formaldehyde requirements alone. Thus a commodity pipeline to the

eastern U.S. could enable a large methanol industry to be established

in Alberta.

Another alternative to rail shipping would be to pipeline metha-
nol to Vancouver and then via tanker to foreign markets. The trans-
mission charges to Vancouver by pipeline would be about 0.3¢/1b (20).
Tanker charges to the California coast from Vancouver would be about
0.3¢/1b, which would thus be a cheaper method of methanal transporta-
tion than by unit train. The California market would be captured by
Alberta pro?:fers given a 50¢ gas price advantage, as shown in Figure 9,
which would not be possible when shipping by rail. The more significaﬁt

point about a me thano1 pipeline to Vancouver 1s that this
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) ,
may enable A]berfa methanol te be competitive in markets other than
the U.S., such as Japan. However, shipping methanol from Vancouver '
would. still not enable A]berta methanol to penetratelEastern U. S,
markets. A commodity pipeline to these markets‘would anpear to be a
mdre'feasible alternative.

Another of the major factors affectino market nenetration is
the 1.1¢/1b tariff levied on U.S. methanol imports. This tariff poses
a strong barrier to exports of methanol frém Alberta. Howeter, neqo-
tiations are currently takina place which could result in the reduc-
tion of tariffs on chemicals imported to the U.S. (GATT neaotiations).
[f the tariff was removed, the base case markets for the zero and
dollar aas price differentials would be represented by the solid liner
shawr in Figure 10, The dotted lines designate the base case markets
including the tariff. As illustrated, the marktet for Alberta-nroduce-
methanol would encompass all areas north of a line stretchina from
©v Mexico to Michigan, under the constraints of 2¢/Ton-mile freinh:
rates,-no tariff restrictions, and $1.07/Mcf gas price advantace.
‘owever, the actual methanol market expansion would be less than 207
million pounds.~ A more sianificant increase occurs for the zero aas
price differential. As showr, removina the tariff would allow Albert;
methanol to capture the entire "lorthwest U.S. market, even with no qas
price advantage.

Howewer, at these freight rates, Alberta metranol would not pene-
trage eastern U.S. markets, even with no tariff restrictions. The
market lines were therefore recalculated u21nn Te/Tor-mile freiqnt

rates, again using. zero tariffs. The results for the two gas price

differentials are shown in Fiaure 11. Lower freinht charaqes nave ver,
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little effect on the 0 price differential case, but these rates would
enable Aiberta methanol to capture the‘éntire U.S. market if the
tariff was removed and Alberta produceré had a dollar gas price ad-
vaﬁtaqe. This would obviously renresent the maximum penetration into
the U.S. market, which consumed over 7 billion pounds of methanol in
1973 (21). Of course it is highly unlikely that the methano]l industry
in Alberta would ever satisfy'this demand. Six Texas-sized plants
would be recuired, consug?%o over 130 billion cu. ft. of natural oas
annually. Tnis is about 1/5 of the total Canadian industrial consump-
tion of natural gas, usino 1972 estimates (22). This level of cor-
sumntion solely for methanol production could not possibly te main-
tained. Althouagh severa} plants of the size of the proposed 470
millton pound per year complex could be built in Alberta, the exact
number would denend upon tho.%éctors alreadv ex@mined; that is whether
Alberta producers had a natural gas price advantade over Hulf Coast

producers, what freight charges would be levied, and what the tariff

structure will be. The Provincial Government will have ultimate con- '
trol over the industry, of course, because proposals which would use \
Alberta natural gas must be approved by the ERCB (23). *
One other factor affectina market penetration has not heen dis-
cussed and that is the problem of natural gas supply. Values of metha-
nol price for various 1eve1$ of natural gas supply are shown in Table
7. As shown, natural gas supply does not appreciabiy affect the
breakeven price of methanol and thus would not affect the market line
based upon price comparisons alone. The market will be dictated more

by methanol supply than by price. For example, a uniformly distri-

buted 25 aqas shortaqge to the industrial U.S. consumer would imply a



Table 7

» [
‘Effect of MNatural Gas Supply on Gulf Coast Methanol Prices

PLAT SIZE: 1300 MM 1b/yr
PPODUCTINN LEVEL

FEED $1.00/MC
CATALYST )
ELECTRICITY ¥
FUEL ©1.00/MCF
BOILER FEED MATER

LABOR
MATWTENANCE  «,
IVERHEAD

TAYES

RESEARCH AND ADMINISTRATION
BREAKEVEN COST (TOTAL)
DEPRECIATION

PROFIT

F.0.8.

100

2.73 ¢/1b

»

1.95 ¢/Tb
.295

.710

2.99 ¢/1b

1.140

¢/ b

3.73 ¢/1b
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future Chemical prices wi11~be determined, and from. these results,
industria] 73S prices in the U.S. will pe Predicted, VQ’

.krom the Preceding ana]ysis; it is apparent that larqe volumes
of Alberta methanol coulg be e?ported to U.S. markets, qiven 1 sub-
stantia] gas pri?e.advantage and reductign of tariffs. Other.foreion
broducers ill also be able to export to the U.s. if these Countrieg

have an abundant supnly of Tow-cost natural qas. The Middie Fast

taxes angd 1nsurance, which, because developments M3y e government

owned, were assumed negligible. The‘breakeven cost of methanol prog-



s | s

Table 8

Middle East Methanol Production Costs

FEED: CNATURAL GAS

CAPACITY: 10,000 T/DAY

FIXED COST SMM 118.0

WORKING: MM 7.5

¢/1b
NATURAL GAS @ $7.0
CATALYST 0.065
FUEL ' @ $1.0
ELECTRICITY .o2¢
BOTLER FEED . 7.003
LABOR ) 0.00"
MATATENANCE 3.5, FIXED N.1¢3
OVERHEAD n.n25
TAXES 0.7

. -
DCPRECIATION 10 FIXED CAPITAL 179
SALES 2 .01%
PROFIT o 20 TOTAL 380
F.0.B. PRICE CL74 ¢/t

BREAKEVEN PRICE= a8 /1t -
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tankers. For purposes of price determination, a 1772 National Petro-
leum Council (2) estimate of 39/L.Ton for crude transport from the
Persian Gulf to the U.S. East Coast was used. -If operating costs are

assumed to escalate at 117" ner vear, transport charnes will be atout

$14/L.Ton (.€¢/1b) in 1977, at which time the nlant could be on stream.

Middle East methanol would thus cost 1.9¢/1b alono the East Coast,
includina tariff and freight charqges. This price is anproximately
equal to fulf Coast prices based on 50¢/Mcf natural qas. Consequent-
1y, if Gulf Coast gas prices rise above this level., Middle East&paiﬁA-
nol could conceivably capture the eastern U.S. market. If snipping
costs are extrapolated to the west coast, Middle fast methanol could
be trarsported to San Francisco for .8Q<if. Mid1le Fast methanol
would cost 2.1¢/1b there. As shown in Table 2, Alberta methannl pro-
ducers, using 25¢/Mcf natural oas feed, would no lonaer be competi-
tive in the Orenon formaldehyde market or in southern Ontario, which

would represent a market loss of over 500 MM 1h,
Table &
Middle East vs. Alberta Methano!l (Costs &

DESTINATION PRICE ¢/1b
ALBERTA MIDDLE EAST

37

GAS PRICE 25¢/MCF Oc/MCF 25¢/MCF

VANCOUVEP . 1.7 - 1.3
SAN FRARCISCO 3.5 2.1
CHICAGN 2.¢€ 2.3 4
TORONTO ) 2.9 1.3

SEATTLE 2.9 00

]

2.

.7

5

.7
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However, the Middle East production costs tabulated represent
the minimum values possible. If gas costs were 25¢/MCF in the Middle
Ea®, Alberta methanol would be competitive in Chicago, as Table 9 shows.
In addition, the construction of the large methanol plant hinces on
whether the tariff on methanol is removed. Methanol from this plant
may be used as a substitute for liauid natural qas (L%) because
over lona distances it is more economically viable (25). This metha-
nol, however, would not be competitive;with alternative fuel sources
such as synthetic gas from coal unless the tariff was removed. Middle
East methanol will have a heatina value of ©1.39/ "M Btu excludina the
tar1ff, and coal gas costs are expected to be atout the same in the
late 127N0's (17). 1f the tariff was removed, however, Middle fast "T7
methangl could force fHulf Coast producers out of the U.S. market.
Therefore, the tariff would probably only-be removed for methinol de-
stined for S.IG production.
' Hence, Middle East methano15c0uld capture the Creqon formalde-
hyde market. However, this would occur'on1y if the production of a
10,000 Ton/day methanol plant with zero feedstock costs entered this
market. The Alberta methanol industry would mot bte able to exnort
methanol td U.S. markets, except in the interior of “ashinatnn and
Montana.

There 15 a great potential for development of a maior methanoi
industry in Alberta, dependina upon what the various parameters affect-
ing market penetration will be. The cases analyzed reflect the effect

of these factors on the market for Alberta-produced methanol, but no

conclusions have been made regarding which case would be applicable.



CHAPTER TV

AMMANTA MARKET ANALYSIS

\\ \

Ammionia 75 one of the most important chemicals \'roduced in “lorth
America.  Production of anhydrous ammonia reached 31 Rillion pounds
in the 'S, in 1273 (21) and 2.7 btillion pounds in Canﬁgd. of which
over 140 million pounds were exported to the U.S. (26).>,ODVi0usly.
fanadian ammoniavfs nresently competitive in some 1S, martets, Thig
Situation has developed because Gulf Coast plants, althounh Tarner
than those 1n Canada, do not have sianificantly lower predy tion coste.
[n adittion, there is no tariff on armonia used for fertilizeor, *tu
primarv use for the chemical. Rising U.S. cas prices will probatle
further enhance the Canadian position in U.S. ammonia markets.

The prospect of relatively inexpensive and securc aas surnliecn
in Jlberta counled with the existina tariff structure has prom-te-
several nronosals by chemica]icomnanies to build ammonia plants ir
southern Alberta (2). This study examines the market for Alberti-
produced ammonia and sensitivity of the market to chances in natural
gas nrice and supply, nlant size, and freicht rates. Markeot sengiti-
vity to tariffs will obviously not be determined. The analysis vil)
parallel that used in the methaﬁbl study hut omitting this factor.

The principal use for ammonia 1S as a direct application fore -
lTizer. Armonia derivatives, such as ammonium nitrate, pnos-nate,
sulfate, and urea are also used mainly in fertilizers. Ammonia con-
sumptiorn 18" thus directly related to the farming industry. Jonceoyer -

v, ammonia nroduction should be concentrated in tho U.S. Midwest



where the farming industry 1s locato1. However, Fiqure 12 sheows
that althouqh this area has a larqge ammonia capacity, the majority
of the U.%. industry is lozated in Texas and Louisiana. Ammonia
capacitv an each area is represented in the fiqure in thousands of
tons ner year (15, 16",
This concentration of chemical capacity alona the Gulf Toast is
due to the availability of low-cost natural qas in this arey.  [arng
volumes of Gulf Coast production are shipped via barge and ~ipelins
_to the Midwest, which s the major consumer of ammonia, as illustrat-

‘Pd }57ﬁ1ﬂur0713. Ammonia consumntion in each area is desianates ae
thousands of tons (15, 19). It should be noted tnat the numhers

shown ar the firaure were estimated fror historical production and consump-
tion daty and reflect onQv the Ha‘or uses for ammonia. For this rea-

sen, total consumution sﬁown 1S aiioht1v Tess than repnrted 1073 nro-

Juctron.  (anadian fiqurié are based upon a 7 oroduction level

.

wnich was determinegfrom cavacity and production data from 1273 (2g°

[t should a

be noted that less than 1/2 of Lanadian wheat ard .
raneseed crops were fertilized in 1972 (27), therefore, actual ammo-
r1a consumtion could possibly be much areater if increased forti-
Ihzation of crops occur. The data on this fiaure thus shows the
cresent malor market areas for ammonia in Ciorth America.

The Lase case for the ammonia studv will compare arli”“ Tor/dav
Alberta nlant, which is ecual 1in size to one of thne proonsed plamts,
and a similar-sized Gul® Coast plart. At present, 1527 Ton/day is
the largest single-trair ammonia plant producing in North America

(151, Market penetration 1s assumed to be determined by cost of

ammnria onlv.  The cheanest syonlier to an area would capture the

an
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~ of four large ammonia plants. Because there is no

43

entire market in that area.

\ Production costs for an Alberta and a Gulf Coast plant ( 6) are
shown in Table 10. Using 25¢/Mcf natural qas feed, Alberta could pro-
duce ammonia for a breakeven operatina cost of 0.8¢/1b. Gulf Coast
nroducers would have apurqximatelv the sams‘production costs, using
natural gas at the same price. Using these proquct1on costs, and
assuming base case parameters of 2.0¢/Ton-mile rail charqes and
3.5¢/Ton-mile barae rates, the market line was determined, and is

-
vilustrated in Fiqure 14. As shown, Alberta ammonia would capture the

Horthwest U.S. market plus western Carada. Present c mption in

. Codw
this area 15 about 2 million tons annudlPy or rouqh

production
arrier to
.S, imports (8), the market determined under the base case con-
straints 1s mucn larger for an#%nia.than methanol. Ammonia consump-
tion is also more evenly distributed throughout the U.S.. rather than
concentrated in two or three areas. For this reason, the establish-
ment of a much larger ammonia industry in Alberta is possib]e.

From studying the base case market line, it is apparent that
the Midwest U.S. market would be a potential outlet for Alberta ammo-
nia if producers had a gas price advantage over Gulf Coast m;nufac—
turers. Gulf Coast production ®osts were recalculated for a variety
of natural gas prices to determine, the effect of gas price differen-
tial on market penetration. From these calculations, the markets
for Alberta-produced ammonia.for aas price differentials from zero
to one dollar per MCF were determined, and are represented in Figure
15. As illustrated in the figure, a 50¢/Mcf advantaae to Alberta pro-

ducers would expand the base case market’ to encompass most of the



& Table 10

Anhydrous Ammonia Production Costs

' ALEBERTA AULF COAST
, ,
CAPRCITY MM LB/YR 1750 1050
: "
FIXED CAPITAL  $™M a:, & 4n .3
WORKING CAPITAL $MM 4.0 3.7
c/1b ¢/
NATURAL GAS @  $.25/MCF - 260 207
CATALYST 036 03
ELECTRICITY , 017 01
PROCESS “ATER 002 .00
CONLING WATER L) RIS
FUEL A $.25/MCF 175 70
LABNR e N
MATHTENAYCE RER BRE
WERHEAD 133 : .033
Trofs . n71 05
pERRLTIATI, : ' Ao 300
SALES 045 0a”
FROFIT ' . 1.0 .8
DLANT RATE PPICTE 0270 1.0
BREAKEVE', PRI L S.91 ¢/1L fol e
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Pacific and Mountain regions, plus about 1/2 of the Mid-West U. S.
market. No significant penetration is made into the eastern Canadian
market, however. This expansion would be roughly 1.5 million tons/year
or equal to the production of 3 large ammonia plants. A $1.00/Mcf
advantage Would enable Alberta manufacturers to be competitive in the
Great Lakes areé plus eastern Cénada, a further increase of'gbout

4.5 million tons, or nine ammonia plants of the size studied. The total
market for AlBerta ammonia, under the constraints of 2¢/Ton-mile freight

and $1.00 gas price advantage, would thus be 4p f 8 million

tons annually. The potential for a large & y in Alberta
is therefore almost limitless, given a substantiai gas brice advantage
to local brdducers. Henceforth, té provide a nersnactive o) the effect
of gas price differential coupled with other factors, two cases ﬁ)lﬂ

be analyzed: the zero gas price differential and the one dollar dif-

ferential.

,:lsﬁ plant size on market penetration is much less de-
fatural gas price. Table 11 shows the production costs
.'Tqmmonia plants of 1000, 1500 and 2500 T/day. The markets
for amﬂonia produced by plants of this size, for the zero and dollar
gas price differentials, are represented in Figure 16. As shown,
plant size does not appreciably affect market penetration, based on
bre;keven production costs. However, usiné f.o.b. production costs,
plant size has a much more significant effect on the ammonia mggket,
as Figure 16a illustrates. In a market which is concentrated in a few
areas, as is methanol, the effect of plant size would be even more
significant.

Freight rates is another factor affecting market penetration.



Table 1

N

Effect of Plant Size on Ammonia Production Costs *

<2
PLANT SIZf MTON/ vt 360
(1000 T/D)
FIXED CAPITAL SMM 38.0
UNRKING CAPITAL  $M 2.
¢/1b
NATURAL GAS FEED A25¢ MCF ---
CATALYST ---
FUEL -
ELECTRICTITY .-
PRNCESS 'WATER .
COOLING WATER -
401
LABNR .N40
MATNTENANCE 163
OVERNEAD .048
TAXES 081
DEPRECIATION .543
SALES 051
PROFIT 1165
F.0.3. 2.55 ¢/1b
BREAKEVE) PRICE 0.82 ¢/1b

\
Basis: Alberta
525 375
(1509 T/D) (2502 1/D)
42.8 68.0
4.9 5.4
¢/1b VAR
.26 --s
.034 -
175 ---
.011 -
.00nR ---
.0ng ---
.404 .4az
Kkl n17
.139 1€
.033 ¢ 920
079 N5
468 37°
.04% 040
21,000 840
2.27 ¢/1% 1,96 ¢/
0.81 ¢/1b 0.7¢ ¢/t

nA
N

48
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Market lines were recalculated assumina unit train rates of 1C/Toﬁ-
mile, ?nd are represented for the two aas price differentials in fFig-
ure 17. The Jdotted lines deéignate 2¢/Ton-mile rail charges, the
solid 1imes 1¢/Ton-mile freight: As showrn, lower freignt rates o
not appreciably affect the market for Alberta-produced ammonia aiven
no gag’price advantage over Gulf Coast producers. The major exnan-
sion occurs in_the Califorpia and Mid-West U.S. markets, representinn

an increase of about 1 million tons annually, or the production of

two lar®e ammonia plants. It i% interesting to note that no siqnifi;/

cant expansion occurs in eastern Canada. The maximum market Dene-’i‘
tration occurs for l¢/Ton-mile freiaht charges and $1/Mcf differeii-
tial, as illustrated in the fiqure. Under these constraints, Alberta
producers would be competitive throuahout the entire co¢tinonta1 Uu.s.,
which consumed over 31 billion pounds of ammonia in 1973 (21). To

‘ meet this demand would require about 30 plants of the.size stu}?&ﬁi\
which wiould probably not develop:because of the 13:09 volume of nat-
ural gas feed required. However, even with a gerb USS ﬁrice differ-
ential, Alberta ammonia gould capture about 3 million tons of the
North American ammonia market, under the constraint of 1¢/Ton-mile
freight ch#rges.

The cost of transporting ammonia to a potential market area thus
has a significant effect on whether the product will be competitive
in that area. Several companies have argued that since it is much
cheaper‘to pipeline natural gas than ship ammonia by rail, plants
should be built closer to potential markets (28). This prompted a

proposal by Alberta Ammonia to build a pipeline from southeastern

Alberta to lowa, with connections to Indiana and eastern Canada (173).

51
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The effect of such a pipeline on éhe market line given a SN¢/MCF

gas price differential is illustrated by the solid line in Figure 1%,
Transmission costs were assumed to be 0.7¢/Ton-mile(10). As shown,
such a qgas price‘dif%erential would enable Alberta manufacturers to
compete in eastern U.S. and Canadian markets. This would represent
an expansion of over 4 million zons annually, compared to the base
case market for a ;Oc/Mcf differefitial, which is designated by the
dotted line. Hence, a large ammonva industry could be established in
A]beria. if this pipeline is completed, and Alberta producers had a
50¢/Mcf qas price advantage over their Gulf Coast counterparts. The
more signifitant aspect about this pipeline, however, 1s that it woull
not apbreciably enhance the market if Alberta producers had no qas
price advantaqe. Barge transport is slightlv cheaper than pipelire
transmission, thus Gulf (oast product would be cheaper in the [owd-

Great Lakes area. e

In conclusion, the market outlook for ammonia produced ir Alberty
1S much more of@imistic than for methanol, due 'CE) the existing tar-
iff strucfure. Ammonia producers require a much smaller qas price
advantage to secure a large export market. There is a qreat poten-
tial for the development of a ‘major ammonia complex in Alberta, but
the Provincial Government will have ultimate control over this develon-
ment. However, it appears that }he construction of a major ammonia
industry in Alberta is inevitable.

A1l of the preceding analysis is based upon the assumption that
potential consumers in a market area would buy from the cheapest

supplier, thus forcing existing producers in the area out of business

1f Alberta product were cheaper. However, these producers may



dec ide to continuwe operating, albeit with a very small profit marqin.l
This situétion could develop if Canadian producers would reauirc a
substantial profit before entering a market. 0Older U.S. p]énts, hév-
ing operated for several ycars and having obtained a good recturn on
initial investment, would not require this large profit marqin. The
market lines were recalculated comparing U.S. producers pperating on

a breakeven basis and Alberta proaucers operating with a 20 invest-
ment retur&, and are designated for the two gas price differentials

bv the solid lines in Figure 19. As shown, Alberta product would

not be comﬁetitive in U.S. markets except in Montana and part of North
Dakota,.qiven no gas price ddvantaqge over Gulf Coast produrers. Simi-
larly, the market for a one dollar differential on this basis 1n only
slightly laraer than the base case market. Producers within the reqion
between the breakeven and 29 return market lines could conceivably
continue‘operatinq, but with very small profit maroins. ‘

If these plants remained in operation, Alberta producers could
only comnete for the growth in ammonia consumption within this market
area. For example, current consumption 1n the area between the $1.00
market lines in Figure 19 is about 5 million tons. The expected
growth rate for ammonia is € - 8.5 annually (10}, thus ammonia con-
sumption in the area could be 1.7 - 2.5 million tons areater in five
yegts. This would necessitate the building of 3 - 5 large ammoria
plants to meet this demand. These plants could be built in Albert:
because in this region new Alberta production would be more competi-
tive than new U.S. plants. A large ammonia industry could still be

established in Alberta even if American producers continued operatini,

given a $1.00 qgas price advantage over these producers.

54
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0f course, competition for the American ammonia market @ay come

from Middle East producers, since these countries have dbundant slﬁ-
plies of low-cost natural gas. Production cqsts for.a 1500 T/day
Middle fast ammonia plant are chown in Table 12. This plant size 1S
tvpical of proposed plants 1n this areca, and as yet no huge synthesis
plant has been planned as in the case of methanol (24). Matural aas
and fuel costs have been assumed neqligible hecause Gas ig currently
Leing flared. Taxes were also assumed to be zero because nlants may
be qovernment-owned. Under these constraints, ammonia could be pro-
duced for 0.3¢/1b. Transportation ~o5ts fror the Percian Gulf to the
1.S. Fast (oast are about 0.8¢ - 1.1¢/1b (29)3 therefore Midile taot
ammonia would sell for a minimum of 1.1¢/1b in the U.S. This would
be equivalent to Gulf (:mst oroduc tion Costs using 4nc¢/Mcf natural

gas. iigher gas prices would make Gulf Coast product noncompetitive.

,Ggm11ar1y Alberta product could not compete with Middle East ammonia

&10 qQ the!u S . coast 1f feedstock costs were qreater than 43c(ﬁcf

ho#%% that a tar1ff would be imposec on imported ammonia 1f foreion

cﬂ&pit\t1on forced U.S. producers to chut down operations. In this

'.wcase, foreign producers would compete for the growth in ammonia Con-

sumption, rather than existing markets. Ammonia cost; ca1Cu1ated for
the Middle tast also represent the minimum possible product1on costs.
Yatural gas costs may be a nominéa value such as 25¢/Mcf to

cover recovery costs. In addition, production from these countries
would probably be destined for the relatively untapped markets 1n

India and China. Because of the availability of low-cost natural gas

and proximity to these countries, Middle tast producers would easily

57

' ggxuwmver aCCe§?4£0 Midwest U.S. would still be possible. 1t is likely,
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Table 12

Middle East Ammonia Productiqn Costs

CAPACITY:
FIXED CAPITAL

WORKING CAPITAL

NATURAL GAS
CATALYST
FUEL
ELECTRICITY
WATER

LABOR
MAINTENANCE
OVERHEAD

TAXES

SALES

DEPRECIATION

.

PROFIT

1050 MM 1b/yr

MM 48.8

MM 1.7

3 $.00

@ $0.0

~ BREAKEVEN

PLANT GATE

¢/1b

0.
0.

0.038
0.
0.
0.

1.

.000

000 @S.25/MCF
036

@S.25/MCF

.010
.013
.026
.138
.031
.000

286
460

952

70 ¢/1b

0.

58

¢/1b

0.260
0.036
0.175
0.010
0.013
0.026
0.138
0.031

0.000

0.730
0.460

952

2.14 c/lb\\\
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capture fhesa market areas. Profit marqins in this market would also
be much greater than in.North America, because no other countries
would be in a position td compete for these markets. For this reason,
it seems unlikely that Middle Last production will be marketed 1n
North America, thus the Alberta position in U.S. marbets is relativ
secure, |

The markets which have been analyzed reflect the case of commo-
dity oversurnly. This situation implies that consumers would buy-
from the chearest supplier. U.S. natural gas shortages, however, may
change this market structure. The effect of supply on ammonia produc-
tion costs 1s shown in Table 13. For a production level of 50, Gulf Coast
breakeven operating costs are about 0.3¢c/1b greater than wher operat-
ing at full capacity, which would not significant]y‘chanoe market
peretration. This conclusion is substantiated by Fiqure 20, which
illustrates the markets for production levels of 1007, 75 | and 50
of capacity, far the zero and dollar aas price differentials. The
qeographic area in which Alberta-produced ammonia would be competi-
tive 1s thus not appreciably affected by natural aas supply when
based upon price comparisons alone. However, a uniformly distributed
50 gas shortage implies that U.S. ammééia production would be about
¢ million tons short of demand. Alberta ammonia could be marketed
wherever this shortfall occurred. Market is determined more by sup-
ply and demand than by cost comparisons in this ca;e. The effect of

gas supply will be discussed in detail in a later chapter.



Table 13 !
Effect of ?Jatura] Gas Supply on \
o
Ammonia Production Costs * - \
Gulf Coast ¥
PLANT SIZE: 1500 T/DAY
PRODUCTION LEVEL 107 - 75 50
RAI MATERIALS & UTILITIES .49¢ .80¢ S
LABOR .026 .035 .NE2
MATNTENANCE 115 153 239
OVERHEAD .03 .04 gl
TAXES nE] 077 116
SALES 040 .59 LDER
BREAKEVEN PRICE 77 .85 1.024
DEPRECIATINN .384 T 512 768
.
PROFIT 828 ~1.100 1.65¢€
F.0.8. 1.98 ¢/1b 2.86 ¢/1b )93.44 ¢/1b

[
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CHAPTER V

ETHYLENE MARKET ANALYSIS
N :

Ethylene forms one of the major bui]ging blocks in the chemical
industry and ethylene derivatives are used in the manufacture of
thousands of goods, from antifreeze to records. The establishment
of an ethylene compléx in Alberta would proyide the basis for major
uparading facilities and service industries. However, before plants
can be built, the markets for the various produc%s must be determined.
This chapter will examine the market for Alberta-produced ethy]ene
and its derivatives and the sensitiyjty of the market to chanaes in
feedstock price, freight rates, and éégiffs.

~y

Ethylene is mast economica]]} made from ethane or propane, but
.

naptha and refinery off-gases are also used as ethy?ené feed. The
first Alberta ethylene plants will use ethane. About 70 of U.S.
plants currently use either ethane or propane (30). For these rea-
sons, Alberta and U.S. production costs were based upon thg cost of
ethane, although the use of naptha in U.S. plants mav become increa-
singly important as gas pfices rise and ethane availability declines.

The market for Alberta ethylene was determineq using the model
descrjbed previously. Alberta producers were compared to Gulf Coast
} produEers on the basis of breakeven production costs. Breakeven
costs refer to the plant gate price minus profit and depreciation and
represent the minimum pricé at which a producer can sell his product.

The price of ethylene in a market area equals production costs plus

transportation charges plus tariffs. The producer which can market

62



his product in a potential market area for the cheapest cost is_asSu%l
ed to capture the enting market in the area. |

The potential ethylene market is concentrated in eastern Canada
and the United States. Figure 21 shows the ethylene capacity iﬁ North
America in 1974 in millions of pounds per ‘year (14, 15). Since most
éthy]ene is converted to derivatives at the.point of manufacture, the
ethylene market would be essentially.a% shown in the figqure. It is
apparent that penetration must be made into the eastern market beforc
a major ethylene complex could be built in Alberta. The potential

market areas will now be determined.
The production fosts for billion pound per year Alberta and Gulf

Coast ethylene manufacturers (6 ) are shown in Table 14. An gthane
price of 2.0c/1q.was used in calculating the production costs of both
plants. A price of 2.0¢/1b equals the cost of §thane extracted from
natural qag-priced at 50¢ - 60¢/Mcf (31), which ig thé'cﬁrrentqgricé
in the United States, and the expected price of gas in Alberta in
1975 (18). As shown in the table, a Gulf Coast prodd;er's f.o.b.
price for ethylene would be 0.5¢/1b less than an Alberta manufactur-
er's, but the breakeven cost for both nlants would be about 3.5c/ib.
w U should be remembered that although 50¢/Mcf was used in determining
ethylene production costs, using $1.50/Mcf wo&]d not affect the mar-
ket calculations because the difference between Alberta and Gulf
Coast breakeven production costs would still be negligible.
Using 3.5¢/1b as the cost @f ethylene production, the base ' case
ethy]éne market line was determined, as illustrated in Fiqure 22.
This Tine represents equal Gulf Coast and Alberta ethylene cost. In

general, Alberta product is only marketable north of this line. In
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Table 1}}4 .
Ethylene Production Costs

AN

ALBERTA GULF COAST
CAPACITY MM LB/YR \ 1010 1907
FIXED CAPITAL MM 23.0 630
WNRKING CAPITAL SMM 11.9 11.0
¢/1b - ¢/ b
ETHA'E $.02/1b 2.40 2.49
CAUSTIC SODA $.04/1b .025 .25
FUEL ' $.50/MCF .340 340
ELECTRICITY 017 017
PROCESS WATER 00 001
COOLTNG WATER 145 140
STEAM 416 500
LABOR _N54 059
MATNTENANCE 3 FIXED 248 204
NVERHEAD ‘ .70 170
TAXES 124 102
DEPRECIATIO .83 680
SALES ? 13€ 2c
PROFIT . 1.00n 1.530
: 6.80 €.33
BY-PRODUCT CREDIT: ¢/1b
RESIDUE GAS R50¢ /MCF .26
PYROLYSIS GASNLINE 8$.030/1b N6
- r
¢y - €, RS .040/1b .25
BREAKEVEN PRICE = 3.57 ¢/1b 3.50 ¢/1b

PLANT GATE PRICE

i

6.23 ¢/1b 5.76 ¢/1b
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determining the market line, freight rates of 2¢/Ton-mile by rail and
0.5¢/Ton-mile by barg' were assumed.r This was done to be consistent
with the ammonia and methanol ana]ysé&. although large volumes of
ethylene are shipped by pipeline to consumers. As in the case of ammo -
nia, no ;ariff is‘levied on ethylene imported into Canada or the U.S.
(7, 8). As illustrated in Fiqure 22, the base case ethylene market
would only encompass Western Canada plus a small fraction of Northwest
U.S., an area which produced only 65 MM Tbs of ethylene in 1974, How-
ever, although significant amounts of ethylene are transported by re-
frigerated tank car and barge, pipeline is the most common mode of
transport. The base case calculations were therefore repeated consi-
dering an ethylene pipeline from Alberta to Sarnia, with connections
to I1linois. Such a pipeline would enable ethylene to be transported
for 0.6¢/Tcn-mile (32). However, as shown in Fiaure 23, a pipeline
would only expand the base case market to encompass southern Ontario,
which has an ethylene capacity of about 0.6 billion pounds. The con-
straints of high transportation costs and no gés price advantage im-
pose serious restrictions on the market for Alberta ethylene. It
gkould also be noted, however, that ethylene demand is expected to
increase at 10 - 15" per year, and maydouble by 1930 in North Ameri-
ca (30). This means an additional 27 - 25 billion pounds of ethylene
capacity will be required by 1980. ‘Alberta production would be easily
absorbed by this increased demand.

However, whether ethylene will be exported ;ow appears uncertain.
Dow originally applied for an export permit to ship 10 billion pounds

of ethylene to Sarnia and then to U.S. markets (16). This project

has been temporarily abandoned, although an ethylene complex
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will probably be built in Alberta. It is more likely that ethylene
derivatives will be marketed in the U.S., therefore the markets for
these ‘roducts will be determined. The polyvinyl chloride market will
be studied in detail, since it is representative of the many ethylene
derivatives. and freiaht rates and tariffs for each derivative are
ahoroximately equal.

Polyvinyl chloride (PVC) is a white powder made from the poly-
merization of vinvl chloride (33). Vinyl chloride is a gascous inter-
modiate usually manufactured by the oxychlorination of ethylene.

N
orth America vinyl chloride and PVC canacity in 1974 (15,16) is
given in MM 1b/yr. in.Figure 24.1t is interesting to note that the
majority of vinyl chloride is produced on the Gulf Coast, but is pro-
cessed as a resin mainly in the Northeast U.S. This is because it 1is
cheaper to barge liquified vinyl chloride than manufacture PVC in
Texas and snip the finished product to east coast markets. Most PV(
is used in the construction industry, as well as for plastic pipe,
records, and siding, and the molding facilities for these various
uses are located in the Northeast U.S. (33). An interesting correla-
tion can be noted when comparinag PVC capacity to population. As
chown in Tatle 15, the majority of the U.S. population is concentrated
in the “ortheast and Great Lakes area. Therefore, it appears that
there is a direct correlation between resin consumption and popula-
tion. Hence, even though Alberta-produced PVC may not penetrate
eastern markets, the population centres in western U.S. may be po-
tential outlets. “

The production costs ( 6) for Alberta and Gulf Coast vinyl chlo-

ride and PVC are listed 1in Tab]es 16 and 17. These costs are based
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Table 15

)
¥

Population of the United States (1973)

AREA

NEW ENGLAND
EAST-NORTII-CENTRAL
MID-ATLANTIC
SOUTH-ATLANTC
EAST-SOUTH-CENTRAL
WEST-HORTH-CETRAL
WEST-SOUTH-C "I TRAL
MOUNTA T

PACIFIC

SOURCE:  (34)

<

Y

]

POPULATINY 1090 ‘?

12,151
40,897
37,528
32,459
13,284
16,704
20,207

9,149
27,417

209,851
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\falﬂe 1€ ’ : .
' Vinyl Chloride Production Costs *
, ALRERTA GULF GNAST
CAPACITY MM LB/YR : ano 590
FIXED CAPITAL M | s 22.7 ~1.2
B - ’ »
WORKING CAPITAL SMM ' B3 €.4
. R " AY »
- ¢/e | ¢/t

ETHYLENE 2$.035/1t : 1.68 23.035/1b 1.68°
CRLORIHE 7%.035/1b S [ 2.207
CATALYST \ . 1r R e |
FUEL : $.50/MCF \ ne S Rele N
ELECTRICITY . . R R Tl
PROCESS WATER , . NNE Nalals .
COOLING WATER : ;e .05) NEN

. f 4
STEAM : J1Q¢ A 247
LABOR , Rl « 2

MATHTENANCE 4 FIXED . 27 70
OVERHEAD 153 e
TAXES .n7e et
BEPRECIATIOH ' 547
SALES - 5 Co370
PROFIT 1.407
" PLANT GATE PRICE 7.34

BREAKEVEN PRICE 5.40 2/t
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o .Table 17
Polyv? ;thoride (PVC) Production Costs
. -
) . ALBERTA GULF COAST
CAPACITY 356 357
FIXED CAPITAL 19.9 16. €
WOREIHG CAPITAL MM 7.2 8.7
1
¢/1b ¢/ b
VI'YL CHLORIDE  AS$.N549/1b §.750 Pt _0535/1b 5.700
CATALYST .360 .360
FUEL $.50/MCF 025 .28 .
ELECTRICITY 100 .100
PROCESS WATER , ..030 ' JJ32
CONLING WATEP , . 050 . 03C
STEAM 150 189
. . X
LABNO 4N u 407
MOTTENANCE 4y 228 ‘ jeo
NVEPHEAD _ 48] 48]
TAXES o .08 .70
DEPRECIATINN 575 . 470
A 12 : .. ).320 : 1.310 .
SALES . " ix} 32( o i
 PROFIT . 1.580 % R 1.470 o
PLANT GATE PRICE n.m 1n.87
BREAKEVEN PRICE 8.96 ¢/1b £.92 ¢/1b

BREAKEVEN PRICE BASED
ON PLANT GATE VINYL . )
CHLORIDE PRICE 17.35 ¢/1b 1079 ¢/1b
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upon the breakeven ethylene manufacturing costs shown in Table 14.
PVC hlant capacities were assdhed to be 350 MM 1b/yr for both Alberta
and the Gulf Coast, as this capacity is typical of world scale plants.

A 350 MM Tb/yr PVC plant requires approximately 400 MM-ib/yr of vinyl

~chloride feed (33), therefore 400 MM 1b/yr was used as the Alberta

vinyl chloride plaqi'capac1ty The Gulf Coast vinyl chloride plant
s1ze;was assumed to be" 500 MM 1b/yr to show that plant size has margi-

nd] efféct on production costs wheﬂ‘éomparing very large p]ants. "As

‘shown in Table 16, the breakeven cost of producing vinyl chloride

woJlo be about 5.4¢/1b for both the Alberta and Gulf Coast plants.

The PVC product1on costs tabulated were used to determine th%
line of eﬁua] cost, as illustrated in Figure 25.. The line shown rep-
re;onts the cost of Gulf Coast and Alberta prqduct delivered to the

line, including production costs, transportation charges and tariffs.

In general, Alberta product is marketable in all areas north of tHe

boundary line. For purposes of price determination, freight rates

of 2¢/Ton-mile by rail and 0.5¢/Ton-pile bysbarge or ocean tanker
N

were assumed. For example, Alberta PVC delivered 500 miles into the U.S.

would cost 11. 2c/kﬁg§1nclud1ng 8.9¢/1b manufacturina costs, 0.5¢/1b
transportation charaes, and a tariff of 1.25¢/1b plus 6 ad Yalorem (8),
or 1.8¢/1b. Gulf Coast product would cost 10.9¢/1b in the same area,
including 2¢/1b freight charges and 8 9¢/1b production costs Thus Gulf
Coast product would capture the PVC market in this area. Based on plant
gate vinyl chloride costs, Alberta PVC would be even 1ess'compet1t1ve
with the Gulf Coast, as Table 17 shows. ’

The PVC man&facturers in North America, .io~ever, are locatgd in

eastern U:S. and along the‘Gulf-anst; therefore the existing base

case market would be essentially zero. Two possibilities exist for

.

*
v’

£
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expanding the market. One is that.A‘I berta producers could bw given

a feedstock price advantage or a rgduction in tariffs or freight ¢
charges. The sensitivity of the market line to these various factors
will be discussed shortly. The alternative'wouldype that Alberta pro-
duction will compete for the increased demand for PVC. PVC production
reached 5100 MM 1bs in the U.S. in*19¢2 (21). Demapd is expeéted to
increase at 11% annually for the next several years (33), so by 1980,
consumption should double. This dramatic increase in demand implies
that since uncertainty of feedstock supply will 1imit the number of
new plants constructed in the U.S., foreign préducers will have to

meet the expected demand’ othq; words," a PVC undersupply situa-’
1ToY

*

tion will develop, and a

into theg U.S. market. ¥ . Ct
r "“

Of course, when PV(C capac1ty exceeds demand, mark#s are deter-‘w

Albertpfﬁrpduct{gq.coﬁ]d be absorbed

m1ned mostly by PVC production costs. As ment10nbd previpusly, :ﬂberta
produgers cannot pen;trate the eastern markets using feedstock at )
-prices compérab]e to the U.S. manufacturers, because of the high tariffs
levied on imported products. The effect of feedstock price advantage -
to Alberta Brodutérs oA thé'bvc ﬁarket is illugtrated in Figure 26. |
The marh@t lines for feedstock price differentials of 0.to $1.00/Mcf

are represented in the figure. Gas price differentials of 0 to $1.00/Mcf
correspond to ethane price differentials of-0 to 2.8¢/1b (31). The
differencgqin the cost of producing PVC, caused by a $1.00 gas pricé

differential, however, would be about 1.8¢/1b. This reduction in the

impact of gas price increases as further processing occurs was shown

in the introduction. Hence, as expected, ga ice differential has a

leij‘significant effect on the

&Y
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\
PVC market than for methanol or ammonia, As shown in Figure 26, i
S].OO/Mef gas price advantage would enable Albe;ta manufacturers to
capture the eastern Canadian PVC market, dut no penetration would be
made into existing U.S. markets. Henceforth, to provide a prospec-
tive of gas price differentia" cbup]ed'with ihe variods other factors
affecting market penetration, two Ltases will be analyzed: the zero
and dollar differentials.
The fariff levied on 1mported Hroducts has 1Bnq be!‘ a major bar-
rier to the establishment of a large petrochem1ca1 industry in Alberta.
M?;e current tariff structure was developed in the Kennedy Round Aoreu-
ments and is under negotiation in the GATT hearings. As a result Qf
these negotiations, a 1§iien1ng of tariffs may occur. The effectNSf
%;he removal of the tariff barr1er on the PVC markeﬁ is illustrated -'9
for the zero and dollar gas price differentials in Figure 27. Full
tariff markets are designated by the solid lines and the markets ex-
cluding tariffs by the-dotted Tines. Rg:eving the tariff would not
expand the market for PVC adBreciab]y if Alberta producers had no
feedstock price advantage. However, a $1.00 gas price differential
!lwould enable Alberta manufacturers to penetrate the eastern U.S. mar-
ket. Current PVC caﬁ)city in this market area is over 2.6’b1'111'on |
pounds. Therefore, a combination of removal of tariffs plus substan-
tial gas price advantage would enable a major PVC complexeto be esta
blished in Alberta. -
Another variable which affects market penetration is freight
Fateé Recall that for purposes of price determination, rail char&%s

r]

of 2¢/Ton-mile were assumed However, unit train rates of Ic/TonJHIle

-~ g

are typ therefore the market lines were recalculated using

[
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these rates. The market lines for the gas pfice differentials for
the 1¢ and 2¢ freight charges are represented in Figure 28 by the
dotted and solid lines, respectively. With no gas price advantage,
Alberta product would be competitive with the Gulf Coast in the en-
tire Canadian market, if the 1¢/Ton-mile rail charges were applicable.
With a $1.00/Mcf advantaae, the potential PVC market would only ex-

pand to encompass the Ca]ifoa’ia'ma?ket, or about 33 MM 1b/yr. There-

]

fore, lobbying for lower freight riteg, wou\d not assist Alberta pro-
ve
ducers as much as lower tar1ff%I g yilding a p1pe11ﬁe to transport
vinyl ch1or1dé§ wpicgh would be convert!d&to PVC in eastern Canada,
for 31ample,daould also not enhance:fhe market for Alberta production
appretiably. Pipeline charges wo'i*‘ize about 0.7¢/Ton-mile(10), or
only slightly less than unit tra;nzqaxés. The eéstern U.S. market
would still be inactessible, 1f’fhe tariff of 1.25¢/1b plus 6 ad
valorem was imposed. b
Two points should be realized concerning the market analysis.
One is that market penetration studies-Jéf]ect the cost of product
oversupply, a situytion which may nqt develop in North America. The
studies did not determine exact markgts, but rather the sensitivity
of markets,to changes in the variables which determine the prices of
commodities in a ma%ket area. The case of gas undersupply, which will
in turn cause shortages in some chemicals, will be discussed in later
chapters. The other point which can be made is that if major petro-
chemical plants are built in A]berta; subsidiary companies may 1dcate
here which would refine the products produced. These companies would

be assured of a relatively secure source of feed materials. In the

case of PVC, for example, moulding and plastics pipe could be produced

80
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-
*

by such companies. These products may possibly be marketel] 1n'fhé

large population centres in"estern Canada and the United States ../

As mentioned previously, because tariffs on the various ethylene
derivatives are approximately equal, and Secause freight rates were
assumed to ba equal for each commodity, the base case markets for
each product are essentially the same. For example, the vinyl chlor-
ide market would:be identical to that of PVC because the tariff or
each would be 1.8¢/1b (g8). The major difference between the various
chemicals is in production costs and in the feedstock portion of these
manufactu?ing costs. Hexhg, gas price diffegg;tial will have a qdif-
ferenf effect on the market line for each chemical. Therefore, two
cases only will be anatyzed for each derivativé: the base case mar-

ket (zero—differentia]) and the one dollar differential. The pro- ‘
Ta X

duction costs and uses for each derivative will also be pr?gented.

Ethylene oxide and polyethyléne, two of the major ethylene deriva-
tives, will be examined.

Ethylene oxide is manufactured by the direct oxidation of ethy-
lene. About 60 of the ethwlene oxide produced is converted into
ethylene glycol to be used as antifreeze,.but small amounts are also
used in glycol ethers, diethylene glycols, and surche-active agents
(30). The production costs (g ) for 300 MM 1b/yr Alberta and Gulf
Coast plants, which is a typical world-scale plant size, are shown
in Table 18. Using the breakevea production costs tabulated, the
market lines for ethylene oxide for the zero and da'lar gas price
differentials were determined, as illustrated in Figure 29. These
lines reflect transportation charges of 2¢/Ton-mile by rail and

’

0.5¢/Ton-mile by barge, and a tariff of 10% on Cénadian imports (9),

-
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Table 18

Ethylene . Oxide Production Costs

ALBERTA GULF CNAST
" CAPACITY MM LB/ YR 300 : 300
FIXED CAPITAL  $MM 246 19.5
HORKING CAPITAL  $MM 5.2 5.0
@ ¢/1b ¢/1b
ETHYLENE 7$.0350/1b 3.¢5 1%.935/1b  3.65
UTILITIES AND DXYREN 1.7 1.74
LADD 13 103
MATNTE'IANCE € FIXED 402 .390
WERHEAD .23 .30
TAXES ¢ . .5
SALES | 6 581 , o0
, _ CEPRECTATION 330 ¢ 635
COPRYFIT 1.731 ~1.650
PLANT GATE PRICE 3.73 ¢/1b L /b
IREAKEVE! PRICE .97 ¢/1b - 777 2/
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1.5¢/1b plus 7% ad valorem on U.S. imports (8). The 1974 ethyl

oxide and glycol plant capacities (15, 16) are.also represented b,

Figure 29. As expected, the base case market ‘for ethylene oxjde is
* . L . \

almost identical to the PVC market in terms of arca. Howéwer, becausé”’

feedstoék forms a greater percentage of the manufacturirg cost of
ethyleneéggide. the dollar price differential market s substantfally

larger than for PYC. Abain. most ethylene oxide eventually is con-

verted to antifreeze, and the northern states would consume the bulk

of production, even though very little oxide ﬂg manufactured ‘there.

Polyethylene is the remaining derivative whjch will be discussed.

Fthylene is also manufactured into ethyl alcohol, ethyltenzene, plus
various other chemicals, but polyethylene, ethylene oxide and vinyl
_nhloride are the mgjor derivatives. Polyethylene is manufactured by

rolymerizing ethylgne and is used mainly. i film and plastic sheet

{ 30). f;;~;8F5§“of polyethylene are manufactured, low and high deon-

5ity, but the ratio of low.density capacity to the Tatter is about

>

3 to 1 (14), therefore low density polyethylene will be examined.

The nroduction costs for 500 MM 1b/yr Alberta and Gulf Coast

nlants (g ) are listed in Table 19. Production costs for an Albérta
2 Tant of 500 MM 1b/yr capacity, which is a typical world-scale plaht,
would be 7.3¢/1b on a breakeven basis using 3.5¢/1b ethylene feed

ompared to 7.6¢/1b for the Gulf Coast plant of similar size, i'sind
L

these production costs, the market analyvsis presented in the model

) Y .- - :
description was applied to obti&n the polyethylene base case an‘<jo1-

lar differential market lines, as illustrated in Figqure 30. Under

the constratnts of 2¢/Ton-mile rail freight ¢harges and full tariff

»

barriers, Alberta product would not be competitive in eastern Canada
. .

e
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-Tab1e 19
Low- Density Polyethylene Production Costs

T

ALCERTA ¢ GULF €OAST

CAPACITY MM LB/YR o 500 . 500

FIXED CAPITAL MM - ° .4 \ 76.7

HORKING CAPITAQ  5MM : . 1.6 1.6

’ ‘ ¢/16 SRYAL)
\—eThYLEnE 35.035/1b 363 3¢.38/1b 3.63
CATALYST ) ' ' ’ 7310 31
ELECTRICITY : 545 . .545
STEAM < 119 1)
CNOLING WATER . L s
LABOR , R on
MATITENANCE 4 FIXED R X} E14
" WERHEAD 264 064
TAXES ., T 27 2%
. SALES 12 SALES 1,657 & - 1.510
DEPRECIATION 1,500 < 1.0
PONFIT < R 3110
FoaL. oL 13.73 R

DREAKLVE 7N 7LED
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or iniany substantial U.S. markets, given na gas pfice advan%age:'
" ith'a dollar differential in gas price, howeve}, the eastern
" Canadian khrkee plus theeGreat Lakes area‘would be polentiai mar- \
kets for Alberta polyethyiene. As shown id the fiqere, cyrrent
capacity in this area is about 2.3 billion pounds, thus a.major poly-

ethylene 1hdustry cou]d be established in Alberta. Polyethylene con-

T sumption in the U.S: was about 5.4 b1111on pounds in 1072 (21) and

is expected to increase at an annual ra;e'gk at least 107, therefore
”emand.should double by 1480 (35). An additional 697 MM11bs\of
\o1yethy1ene will also be requ1red in Canada by 1980 if demand increases o
at the ant1c1pated rate. Hence, unless. s1gn1f1cant chapges in demand
occur, production from the Alberta plants could be easily absorbed

“v the increase in ‘lorth American consumption. )

\11 of the previous market analysis shows that Alberta chemicalﬁl‘
~lants require substantial concessions, either in the-form of Tow ,
tariffs or feedstock price advantages, to capture a larze expgrt mar -
ket. OFf course, this is true only ¥n a compet1t1ve market SItuat1on
wnere prices and markets are dictated by the competitor's costs of
. production, plus freight rates, plus tariffs to potential market areas.

"Jhen demand exceeds capacity af a qiven price, however, a Commo=
dity shortage regu{ts. and‘prices ;re determined more by the demand.
for a particular commodity than by the costs of producing 1t. ‘Some
simple economic theo&y miaht be helpful in clarifyina the concepts o'j ’

supply and demand.
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NATURAb GAS SUPPLY HDDEL ' ’

Accorqu to c]assical ecomomic theory, sup 1y||nd pr\ice are aways
“at pr mov}ﬁg toward equt\ibr;:;>1n the 1ong term (36) }f-price
exceeds the equ1tjbr1um value. supply* willoexcegd the amount demanded.
and pr1ce wii& consequen}ly dr0p to enc0uraqe 1ncreased consumption
S1m11ar1y. if the pr1ce of a commodity is less than thﬁ equ1l1br1um
wa1ue. demand will a&ceed supply. and the competfttwe market forces

woold oush the prace up Nhen ‘either situation em1sts 1n the 1ona term.

) there is oeneral]y a shift in the. suppTy or demand Furve, which

estab11shes a new market pr1ce .

. .
v L v

i? The market analyses of the prev10us chapters were restrlcted to the

'eése of commod1ty oversupp1yh In this instance,” productive capacity

L

.exceeds consumption and pr1ces are determined pr1mar11y by production
costs.‘ The results obta1ned represented the lowest pr1ces for, chem1ca1
commodities in a competitive market. .
JSupDQSe on a Short term basis,-houever. that‘the.SuppIy of a
conmod1ty is fixed or can only be changed very slowly, i.e., it is not
poss1b1e to sh1ft the supply curve by expansion of capital facilities.
Wrn the potentiq] demand exceeds the supply level, a commodity shortace
results. Price is then dictated more by market forces than the costs
of producing the cdmmodity
A commod1ty shortage may result from a variety of factors including
-excessive demand induced by low prices, poor fores1qht on the Bart of

the producer, or a shortage of feedstock materials. The following

chapters examine the case of undersupply of one such feedstock, natural

89



oas. and its effect on chemical prices. Tﬁis is not an unreasonable
sitpatton to analyze as 1t has been: widelp. predicted that there will be a
shértfall botween potontial dtmand and sunply of natural gas in North:
Anetica over the'next decade. The ana]ysis will be directly.applied_to
ammonia and methanol;ﬂhe priceS‘of'which are strongly dependent upon
~natqr§l‘gas price and supply. The questions to be answered are: given

a shortfall in ﬂpedstock supply, what is the maximum price that a

producer wogld'pay forfassured gas supply and what would be the resulting

_ ‘price of the chemica] produced?

~

THIS analys1s will not predict the exact prxce of a commodity since
y

that depends mostly on the consumer.. However, there is a maximum valye
whxch a producer must !!1] hws nroduct at under these cond1t1ons to

recover his cap1ta] investment. It‘1s this minimum price which can be

v

determined. The ammonia -industry will be used hereafter in describing
' \

“the model.

In a natural gas shortage situation, natural gas demand can be
broyght into bd]ange with supply by either allowing free bidding for
natural gas supplies or by a gas rationing gystem. In the former case,
producers bid for a gas block, with usua]iy the 1arqe,befficient and
‘newer plq'is hdving a distinct competitive edge over smalrér, Tess

+

efficient plants due to economies of scale. However, because these
’ <4

qarge plants are relatively new, they réquire a 20% investment return

to be'économida11y viable. An older plant, though smaller, has been
L4 .
operatlng long enouah to recover the initial capital investment and can

operate with a much smallg: prof1t margin. Because the operating curves

for both producers are essed"}l1y parallel, there is no way that a

N

large (producer can cling to a 20% Teturn'and OUtvbﬁd a smaller producer

i
!



. T v
for naturhl qas supplies A smaller producer will Qhut down only if he
1s forced to operate belou his breakeven operating cost, which can only .
be 9ch1eved'by putting restraints on the S{Ldinq systenm. Determination
of qas pr{ces‘based on a free bidd}ng system was therefore abandoned.

: . X

'The alternative to a free bidding system'is an equal sharing of

shortaoes 1n nitural gas supply That is, if a 5% curtailment was

.1mposeu bn thﬁyfntjre ammonia 1ndustry.wthe 1‘§ako of matural gas ta each

. d1ant would be 95% of 1ts requ1rement " Since e®ch plant woqu produce*

1ess, unit costs.of production would rise. The cost of ammonia at

“the existing gas prices will be determ1ned using the ”dOwn time"

analysis discussed in the market ‘studies. ° o

. p ]

CONSTRUCTTON ANALYSIS

Al 6f the fo(enoino analysis assumes that the market price for
ammonia will be approximate]y‘equal to the f.o.b. plant nate ori&e of the
largest plant at a agiven aas supply level. Obviqus]y this need not be
true in practice since market demand dictates the commodity price.

Many factors influence the demand for industrial chemicals. Condensing

N c . - A Y
all 3fvthese factors into a demand versus nrice relationship is -

extremely difficult. When potential producers were considering building
plants ié the sixties and early seventies, thfy estimated the and for
these commodities at a given market price and sized their plarf‘zfgT1
accordingly. It was hypothesiied that the decﬂsion to build or not to
bui]é‘é_plant was contingent upon the producer receiving a minimum of
207, }eturn on investment®capital at the commodity price predicted. In
effect, these producers éstimated a cormmodity price which was greater

than their costs of production plus a 20% return. The actual market
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price that resulted after the plant was constructed simply determined

.

L J . ,
ahether tthir"received'a.rate 9f return above or below the assumed

»

. 20%.

- »
The actual market th3 pported during a specific

year and-the commodity od can be'obgpined from

historical price-production data. {t was postulated{}hat historical
'

data ref\ect~the production c%st;‘plhs iﬁ&esthént refG‘n of the most
efficient (and usua]fy largest) piant built in any specific yea}: A‘
plant cdnstfuction model “was develop;d'to simulafe the historical price-

P A
productiQn'data. The underlying assumption was that a plant would oe’
constructed only if thé production costs including 20% return of that’
plant were less than or equal to the prddyction costs of the largest
nlant in existence at that time.
The piant construction model.‘thgxffore, estimates a plant size
hased on the production costs of the most réfent1y built p]anf,
assuming 100. feedstock.availability. jhe eQUai sharing system
determines what ammbnia price will resu;t for specific aas shortages.
A comparison of the price-production data generated by'each model 1s
thus a comparison 6f two different feedstock situations: the historical
trend of 100% cas availability and detreasing commudity prices due to
. the construction of large, efficient slants, and the future trend of

gas cuftailments and rising commodity prices. |

. Historical price-production data, obtained from the Chemical
Economics Handbook (10) for the years 1950 to 19790, were discounted to
1977 dollars to establish a common base, since the construction costs

approximate 1977 operatina expenses. Prices were discounted at 4.

since the ‘lelson construction index increased by this amount from 1950

~—



to 1969 (37). Future price“trends; based on pr:Lqu?bn costs, could
v.;\

thkn b compared to hisfori;al prices which were assumed to be
_/-\ i . . g'
-\gnfluenced ondumer demand. o

L4

L , , .
In the model, conmddity price is assumed to equal the production .

-

dosts of.the 1quest plant, as shown in the market studies. Average

'aas prices at'pq?nts of consumption (38), shown in Table 20, were used
@ . )
to calculate feedstock costs. One other criteria is required before

h 4

production costs can be predicted and that is ] Two methods

N

can be employed to estimate plant size. One metho lant

construction dates to predict production for a specific year. for
example, if 1950 production was a billion pounds in 1950 and a 500 M

1b/yr plant was built in 1951, then production 1in 1951 was assumed to be
1.5 billion pounds. Ammonia price would eaﬂal the proauction costs of

t%e SOO MM 15/yr plant, if it was the largest operating in that year.

The otheéx method of predicting plant size is to assume that new plants
wsould be equal in capacity to market growth. New plants would be built,
however, only if production costs for the plant were fess than existing
older plants. Market growth is estimated by a53uming an annual growth
rate (13 for ammonia) and using actual 1950 production as the reference
~oint. For example, assumina a 13% demand increase, ammonia market ‘
arowth between 1950 and 1951 would be 130 million- pounds.  If the

criteria for plant construction was satisfied, the new plant would have

a 130 MM 1b/yr capacity and ammonia price would equal the production

costs of this plant. This model will henceforth be desianated as the

plant construction model.



Table 20

latural Gas Prices in she U.S.(38)

AVERARE VALUE AT POIWTS OF CD.ISUMPTING ¢/*CF

R WELLHEAD o SALES
1050 5.5 26 .6
] 7.3 29.14 ’ '
2 - 7.8 33.0
3 1.2 35.
4 1.1 sl
1755 -t 11,4 . Iy
. ’ '
5 . 1.3 A
; 1v.3 3.
T 0
2 12, 17 .7
1) 18,
1 151 A
3 ‘
; \ -
1 15
YIRS 15.¢ !
127" T
7 e, 0
1€.1 o
: 1EL7 .
17 171 3.
17.: - --
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A'MONTA SUPPLY ANALYSIS

“he sunrly of synthetic ammonia has 1ncreased Jramatifaylv over
*he la;t fow 1ocades, to almost tep times 1ts 1789 level (21). This
M- matic crowth rate has resulted in several interesting patterns of
ymmon1a croduction and prices, as‘jl1ustrated in. Table 21. Although
fiscaunt »d 3r1C9$ (1977 dollars) decﬂined. actual ammonia orice qen-
rally incroased up to 1363, at which time prices lropped substantial- .

This 4ecrease was caused by 1 weakenina 1n ymmonia demand and
sutse ‘uent oversupply situition,

ao1dly anoreasing d2mand also Drnwp?nd‘tno const e tion of
Lova, off1 dort Alants.  Provious to 13 T, »lants wore Lar g tailt
Wite 1oy than 250 W%OO/«r canacities, wunereas «aUdC}ti“S oxc2efrd

Y
5y Tan ye by the end of *ra decaia(10). Tre iffoaranoo botwean
"1y gir o5 imnlies that croduction costs of ammonta lante e 104
€spant . Yy hange 1n the viartablos unichn Somprise tnae - nst of
Cvoduction wouid he felt in varvinn deqreas by [ifforoat “lyrts. s
v oxamnle, tho sast of labor to 1 £ MTon/ur ammonny ornlacr is
e.ﬂq} 1717 *he cast o a - “Tan/yr nlant, Heonce, 3 Aayhline of
1ibor costs 1f€* small zrodfucors more sariously *han larne crodu-
vn Saimilirly. larae 2lants an afford hiaher ais oricés. 7015

bamtor {atermines t1e effect 0€ natura! gas shorlage on 3ami0Ni3 arizes
usi1g *he sudnly mouels 07 tne Dravious Iaioter.

“ro - Tart canstruction model was annlied to tne anmonia indus-

“ry to ~rofuce the results shown in Table 7. Ta briafly restate the

95
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Table 21
Historical Ammonia Price«Production Data
¢ -
PROQUCTION MM LB PRICE ¢/L8
3076 3.7%
F326 . A4.25
W4y 4,49
17576 ‘ O |
23740 1.6
dr0 . 3.9

CEMICAL £LINMIN S HAINRNOY Q)

-

-

[ 4
10.81
1.7

R.57
7.36
. <

.31,

4.3

Ch.
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PRODUCTION MM Lb/yr. AMMONIA PRICE ¢/LB

3076
5667
10440

19240 .

24560

Table 22
AMMONIA PRICE PRODUCTION RESULTS FOR A PLANT-
CONSTRUCTION ARALYSIS BASED ON A 13% ANNUAL PRODUCTION INCREASE

2.7
2.51
2.30
2.04

1.94

1

DISCOUNTED PRICE (1977)
¢/LB

7.98
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Analysis used, DI{M. $120 was assumed equa) to market growth, which

was 13% a nuall; for the period 1950 to 19€7 (1) Hew plants were o
rssume®€o be built only {f nroduction cqsts were less than :gastinq
plants. Ammonia price was discounted at 4% to 1977 dollars and

nlotted. anainst production to obtain the plant construction curve '
shown in Fiqure 31. listorical data from Table 2) are also plotted

in the figure. As {llustrated, the construction model oredicteg much

lower ammonia ar;ces than historical values. There arn two reasons .

+

for this., One is that historical prices are lict prices and include

.

tistribution and storane charges. In 1796} for example, the ~lant
nte urice gn the ful'f Coast was S40/Ton, or 2¢/Vb, less thirn *ne
T3t \r1c0(10}. Sinc2icalculated nrices aoproximate fulf foagt
plant qaté "ricas, historical fata“were replottod, Suptractinq 2¢/1b
~r Aolivery Ccharnes (13F8), to obtain'the remaining curve of Fiaqure
By oo n}storical 1173 minus 4~livarv ~harges narallel thgse r3]-

.

cilated 1o the ©lant construction model | W cther r~ason iy his-

“arroal o cricos are much niaher than ~rodirtad valuas is < 3t nlant

51005 0t L00) T/day were estimated by tne corstrycticr modal. T
i1r st o jart an existance, cwever, his canacity 2¢ anvot 1.0
/137, Tneoassumntion that plant size would éhual market arowth

thus “reduced otant plants,
70 sdlve this nprobloem, two optinns were available. po was to
St 3 myamum nlant size of 1507 T/day and receat *hh ~lirt tOﬂStruC:
tton al-ulations.  Thepasults n€ thig 1InAlvsis are Tisted in Tahlo
"3, from uhich the construction Zurve of Finure 32 was obtained. ti1g-
 J

torical 14ta are ilso plottad in the fiaure. Thais annroach produced

rtter atnroximation of historical prices, althounh “he {ifference
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Table 23
|

Plant Construction Results

Maximum Plant Size 1500 TON/Day

AMMNOYTA PRICE

¢/L8 DISCOUNTED PRICE

PONDUCTINN MM LB/YR  (F '3 pLAYT) ¢/L8
3176 e 7.4

5366 T SR s

1244 239 : s

ERA: 0.4 ERI

17876 2,43 3.0

AN . 212 30

b
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between prices is still significant.

An alternative approach was to use actual plant sizes in the

i

constructidn modg1.~ The lérgest plant built in a specific year was
assumed to dictate aﬁnnnia price. In 1961, for example, the 1ange§f
plant had a capacity of 240 MM 1b/yr and could produce ammonia for u
3.7¢/1b (10). The résults of such an analysis are listed in Table 24.
Di'scounted price was plotted aq;inst production fo obtain the construc-
tion curve of‘Figure'33. This curve exhibits good correlation wfth the
historical curve, but historical prices are again higher than predicted
for a specific production level, probably due to buoyant market demand.
In 1968, however, a severe g/y; hit the ammonia industry when grain
prices dropped, anrd this was compoundéd by the construction of many
large ammonia plants. The oversupply situation caused ammonia prices to
saqg.

The equal sharing concept of natural gas shortages was then'
examkped. Under such a system, gas shortages would be evenly
distributed amonag various consumers. A 20% shortage, for example, would
imply that all ammpnia producers would obtain 80 of their feedstock
requirements. Because plants are producing less, but all fixed charges
are constant, production costs would rise. The shut-down analysis
described in the market studies was used to determine chemical costs as
a function of gas supply. Ammonia brice was plotted aqainst gas
shortage: for the equal sha;ing system in Figure 34. The equal sharing
costs are based on production costs of a 1500 Ton/day ammonia plant using
50¢/Mcf natural gas. The 19%5 field value of U.S. natural gas was set

at 50¢/Mcf by the Federal Power Commission (4), so this was used. Note

that even for a 50, gas curtailment, the resylting ammonia price would



.o . | 103
be less than 4.0¢/1b, based.sé]ely on costs of production. fhe‘
hlstor1cal price of ammonia did %ot dip below 4¢/1b until 1968 as was
shown by Figure 32, so obviously ma#ket forces s1gn1f1cant1y 1nf1uence
commodity prices. Of course, a gas price of 50¢/Mcf may be unrealistic
in future because of the rapid depletion of U.S. gas reserves. In the
‘next chapter, gas prices that ammonia producers can afforq based on the

demand of ammonia are estimated.

-



YEAR

1953
1956
1961

" 1963 -

1965
1967

1969

" Table 24

PRODUCTION. PLANT SIZE
WM LB/YR  PRICE ¢/LB PRICE ¢/LB

.MM LB

4580
6750

10410

13330
17580
23740
26000

380
220
240
420
960

¢

1020

1020

AMMONIA

2.93

3.67

3.73

3.12 -
2.28
2.43
2.42.

N “ Plant Construction Results'Usj_ng Actual Constrluction Dates

y ©

DISCOUNTED

7.52
8.36
6.98
5,40
13.96
3.60
3.32

N
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CHAPTER VIII
ALBERTA AMMONIA DEMAND ANALYSIS

In the previous chapter, ammonia prices based on specific natural
qas shortages were determined. The production costs of the largest
ammonia producer d{ctated the commodity price.

When a commodity shortage exists, producers can sell their product
at the price the market will support. Price is not based on production
costs. Predicting demand for various commodities is thus important in
estimating prices, particularly in the case of a shortage.

One commodity which is currently in tight supply is ammonia.
Because ammonia is used almost exclusively in the manufacture of
fertilizers as shown in Table 25, the demand for fertilizer must‘be
estimated before an ammonia demand curve can be obtained. In this
cgapter, an ammonia demand elasticity is calculated from Alberta
fertilizer consumption. The gas prices that ammonia producers can
afford can then be estimated for specific ammonia demand levels.

Two points relative to the analysis must be understood at the out-
set. The demand prices estimated will be compared to the ammonia prices
calculated in the supply analysis. The demand values, however, represent
Alberta prices and the supply prices, U.S‘ values. However, as shown
in Table 25, Alberta and U.S. ammonia consumption is very similar and
the Alberta industry is just one segment of the total liorth American
ind::try. The di%ference in ammonia market location should, therefore,

not affect the analysis.

107
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Table 25

Ammonia llse as a Percent of Total Demand

¢ ’ u.s. ALBERTA

DIRECT APPLICATION FERTILIZER 26.4 25.0
UREA FNR FERTILIZER 10.1 L 96
AMMONIUM SULPHATE 5.9 . 1.7
AMMONIUM PHOSPHATE . 246
\MMONTUM NITRATE AS FERTILIZER 18.2 65
SITROGEN SALYS. ' 1.3
“IXED FERTILIZER 4.3 6.3
TOTAL FERTILIZER USE 76 5

UON-FERTILIZER USE !
(1CLUDES EXPLNSIVE, PLASTICS,
THEMICALS) 24 5

100 100
SARCES: (10, 39)

{
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The other point concerns why ammonia was analyzed. Other
cheﬁicals use natural gas feed, however, predicting demand for these
chemicals is extremely difficult. Ammonia is converted to end pro-
duct (fertilizer) in one progess step. Methanol.‘for example, under-
goes several changes before ending up in plywood as a resin. The
demand for plywood must be determined before a methanol demand curve
can be obLtained. Similarly, ethylene is manufactured into hundreds
of end-products and the demand for each of these must be estimated.
‘Bocause of the involved process in converting other chemicals to
final oroducts and the difficulty in predicting demand for these
qoods, only ammonia was examined.

n qeterminina demand ;Iasticities, two'oq}sibilities sresent
themselves: femand is nricetelgst{c irdd/or income elastic., ‘listori-
cal data +or Alberta (39, 40, 41) indicates that fertilizer -onsump-
tion, at least since the early 1960 's, is not linked to fertilizer
nrice. fAs illustrated in Fiqure 35, nrices of fortilizer remained
relatively stable at About 580 to $S100/ton through 1973, but demand
f]uctuated dramatically. Determining an income elasticity was
obviously the more azcurate alternative.

From a nreliminary analysis, it was innarent that tne farmer,-
tne orincinal consumer, Durchaség fertilizer on the basis of hi;
23ash qrain income from the precedina year. This Jhenomenum 1S <hown
aranhically in Fiaure 26. Since the eirly 1270's, wni h was the

¢
beginning of extensive manufactured fertilizer consurption in Alberta,
fertilizer sales rose and fell as qgrain income sirilarlyv changed at

constant fertilizer prices (39, 40, 41,. This implies that fertilizer
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demand is income elastic. As {llustrated in Figure 36 1968 was a /
peak year for cash grain income, but gfrt1l1zer sales peaked the '
following year. Hence the cash grain income from the previous qQrow-
ing season determined fertilizer sales for the current yolrf

o , The doltar value of fertilizer sales equals price times ferti-
lizer consumption and similarly cash grain,ipcome is the totai‘crop
sales times the average price of all crops produced. Some crop
production is used as feeq on the farm producing the crops, but this
constitutgs non-cash grain income. Fertilizer price is the cost of .
fertilizer to the farmer, and.includes distribution chatges from the
olant gate to the consumer. Total crop ;ales equal the saies of
all grain, végetables. and oilseeds in million bushels, and are dis-
tinguished from livestock sales, which comprise the remainder of
farmer's cash ipcome. Crop sales are related to yield, thus ferti-
lizer usane 1;'6 function of crop price, fertiliéer nrice, and yield.
[f the functional relationships can be approximated, a fertilizer
Jemand follows directly.,

Fertilizer sales were plotted aasafnst cash grain income (39, 40

41) to obtain the linear relationship represented in Fiaqure 37. The -
pest straight line was visually fittéd to the data plotted. Xnowing
A specific cash qrain in;ome. ferti]izet\salgzxnre established by

e

this line. The equation of the line is as follows:

Fertilizer sales = GJW (Cash qrain income-175)

where fertilizer sales and income are in millions of dollars. When
the definition of fertilizer sales and income are incorporated into

the ibove relationship, the eauation reduces to the following:
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Fertilizer demand = (crop price)(yield)-175
6.1 {fertilizer price)
where demand is in MM Tons/yr, crop price is in 5/bushel, fertilizer

price is in $/Ton, and yield is in MM bushels. Obviously, if yield
can be approximated, ferti]iger consumption can be determined from
the above equation for specific arain and fertilizer prices. Since
fertilizer is composed of mainly nitrogen, phosphate, and potash,
*he demand for each of these commodities can also be derived. ‘itro-
qen, of course, is applied to the ground in many forms, includina
immonia, urea, nitrates, and nitrogen solutions, ‘but all of these
nitrogen forms are manufactured from anhydrou% ammonia. Total cropo
*

yield therefore determines ?mmonia demand.

fstimating vieldxlhowovpr. proved go be a difficult task. A
fundamental assumption was reauired to continue tne analysis. It
415 nostulated that total crop vield (qrains, oilseeds, and veqe-
tibles) would te constant at 300 "M bushels per year. Thé averages
t5t3] “rop siies in Alberta over the nre-fertilizer era from 1077
*o 136, was about 370 MM bushels annually (40), Yicld has now been
“liminated from the analvsis. Fertilizer [ammonia) consumntion 1S
‘herefore soiely a function of <rop and fertilizer rrices. The rei-
cans for assuaming 4 constant crop yield will be nrasented gt *tne con-

tusion of the anal ysis.

Tho neneral fertilizer consumntion eguation has now beern reduced

0 *ne following:

: 1,200 Coricey -
Fertiitzer demand = LN G AN rob e <J
.1 fertilizer prace

wnere derand 15 0 MM ToanS/yr o crop and fertilizer prices are in

T . . FE
SohushNer o andpseton, respectively. From the above equation, ‘ertilizer
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consumption for $1 and 52/bushel crops was calculated for fertilizer
prices varying from $50 to $300/Ton, as shown in Table 25. Fertili-
zer demand was plotted against fertilizer price to obtain the demand
curves illustrated in Figure 38 Average crop prices have histori-
cally fluctuated between $1 and %2/bushel (39), therefore these values
were used in the analysis.

Figure 32 shows that increasing fertilizer price results in de-
creased demand. HWistorically, however, fertilizer prices ngained
relatively gtable as demand fluctuated. It is also interestina to
ﬁote that higher crop prices induce greater fertilizer consumption.
:(iigh aqrain prices therefore benefit both the farmer and the fertili-
zer manufacturer.

Since this study is concerned with ammonia COnsumétTon, the nit-
rogen component of fertilizer is of particular interest. ‘litrogen
(i) formed about 2€ hy weiaght of tne tntal fertilizer sold in Alher-
*a during the early 1970's (39, 41). Assuming the nitroqen compon-
«nt of fertilizer consumed remairs constant, the fertilizer demand
curve 1s readily converted to a nitrogen demand curve by multiplying

N

fertilizer use by a .26 factor. ‘{itroagen comprises 82 of immonia,
SO ammonia consumption equals nitrngen use divided by .32. ﬂmmon{a
domand can now be calculated for specific fertilizer usade. It re-
mains ,to convert fertilizer price to ammonia price to obtain an
ammonia 1emand elasticity. 1

f15torically, the two major components of fertilizer, ammonia
ind phosphorus, have been about the same price, *herefore it was
assumed that fertilizer nrice was equivalewt to ammonia orice. A

rent publication 42 ) showed that 13975 prices of phosphate will he

¢ I



116

Table 26

Effect of Fertilizer Price on Fertilizer Demand

FERTILIZER PRICE

(DELIVERED) FERTILIZER DEMAND M TONS
$/FON $/BUSHEL $2/BUSHEL
50 410 1300
00 205 697
150 : 137 465
200 \\ 102 350
‘250 | 22 283

300 ' 68 233



COST OF FERTILIZER $/TON

117

450

400

350

oo

250

200"

150+

100 -

50

$2 CROP

$1 CROP

L
200

Figure 38 .

1 1 i 1
400 600 800 000 11200

FERTILIZER USED MTONS

[ffect of Crop Price on Alberta Fertilizer Demand

o0



118

$180 - $195/TON and ammonia prices $220/TON and up, hence this assump-

. - ~
tion is not unreasonable.

Based on this assahbtion: the ammonia prices listed in Table27
were calcu]ated.' The qprresponding nitrogen and ammonia dgmand levels
for $1 and $£2 crops wére derived from Table 26ferti]izér consumptﬂon,
using the appropriate conversiOn<f$ctors ndted‘previously. Ammonia
price was plotted aqa{nst consumption to obtain tﬁe‘deﬁ.nd curves
illustrated {n Figure 39. Actual 1974 Alberta ammonia capacity (16)
is alsq ;Léwn in the figuke. It }s apparent from stddy{nq the fiqure
that Alberta cOnsumpti?n should have been much less than ammonia capacity.

This implies that a considerable amount of ammonia is marketed outside

of Alberta. As an example, in 1971 Canada exported 160 M Tons of -
aﬁﬁonia, mostly to the U.S. (43), and Alberta contains about 40% of
Canadian cépacity (27). It s also interesting to note that a doub-
ling of crop prices from $1 to $2 incr§éses amgppia demand by a
factor of three for a specific ammonia price. Crop prices increased
iramatically in 1974, to about an average of $3/bushel, ience it is
obvious from Fiqure 39that ammonia cohsuhption_JUmped siqnif?cantly

e

last year. Indeed, it was reported by Sherritt Gordon Ltd. (42) that

[N

fertilizer production in Westerp Canada jumped by 250,000 tons in g
1974, even though no significant plant expansions occurred.
At this point, the reasons for eliminating crop yield from the
-

income analysis ghou1d be présented. Yield is a function of many
variables, including soil typg; weather, and amount of ferfilizer
applied. Because these parametérs vary throughout the province and
because yield response to these variables is extremely difficubt to

determine, a general relation correlating yield to these various
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Table 27

Ammonia and Nitrogen Demand

NITROGEN DEMAND M TONS AMMONIA DEMAND M TONS

$1 CROP $2 CROP $1 CROP $2 CROP
106.6 362 129 438
53.3 : 180 64.5 219
35.6 120 43.1 146
26.5 90 32.1 119
21.3 73.6 25.3 89

17.7 . 60.6 21.4 73.3
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;
factors could not be derived. For this primary reason, an average
crop yield of 300 MM bushels per year was used in the analysis.

Some secondary points should also be mentioned. One is that
fertilizer application generally increases’yield, but adverse weather
can negate the effect of ferti]gzer. In fertile soils, crop response »
to fertilizer is almost negligible (44). Similarly, althouah several
studies have conc%uded that yield is a function of June rainfall (45,
46), early frost or hail can severely reduce yields even though rain-
fall is plentiful. The unpredictability of each of these variables
and their complex interdependence also influenced the decision to
use an average crop yield.

A1l of the ammonia demand analysis was based on historical fer-
tilizer consumption in Alberta. There is no reason to believe, how-
ever, that farmers will deviate from past behavior. Fiqure 39 thus
represents a po%sib1e future ammonia demand curve.

The cash grain income approach was not necessarily required to
oredict fertilizer consumption. Alternative methods include a net
income elasticity, a risk analysis, and a system based on marginal “
. return. The net income method was considered, but because of the
accounting procedure used, was less straiaht forward, therefore,
the analysis was discontinued. The risk analysis (47) involves
predicting future crop yields based oh weather, Farmers would
purchase fertilizer in anticipation of good growing seasons.

However7 the process is extremely difficult because predicting
weather 1s a hazardous occupation, at best.

The marqinal return aporoach, however, is recommended by the

Jepartment of Agriculture (48). It is recommended that fertilizer
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be applied to the ground as lbng as the expected return is greater
than two to one. In other words, for every extra dollar of éerti-
lizer applied, the farmer recefves at best $2 in terms of increased
yield. The 2:1 ratio accounis for the risk of crop failure. For
this analysis, the response of crops to increased yield must be
known. In the income study, the rksponse was eliminated because of
the variance in response to soil types and weather. However, to
demonstrate the marginal return system, Department of Agriculture
data for the Wetaskiwin aréé\:h1l be used (48).

The response of barley and oafs to nitroqen application for a
constant phosphate load of 50 lb/acre is illustrated in Figure 47.
rop response is affected by both the nitrogen and phosphorus levels
in tne soil, and 53 1b/acre of phosphate is the recommended applica-
tion in the YWestaskiwin area.

jsing the response data plotted in Fiqgure 43, the marqinal re-
turn to the farmer for various levels of nitroqen aﬁplicatiOn on
barley was calculated as shown in Table 28. Ilitroden and phosphate
orices of $270 and $130/Tgn, respectively, as quoted by Sheritt fordon
far 1274 (42), were used in determining fertilizer costs. 'When 43 1b/
acre of nitrogen is applied to barley, yield is increased about 25
hushels/acre as shown in Table 25. The increased yield from the 20
1o/acre level is only about 3 bushels/acre, however. Thus the marginal
return would be about 2 to 1 for $1 barley and a 60 1b/acre nitrogen
application. This would be the recommended fertilizer use. Similarl,,
for 52 barley, the recommended application would be 90 1b/acre of
nitroaen, equivalent to 109 1b/acre of ammonia.

A comparison of this analysis to the income study miaht prove
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Influence of Crop Price on Marginal Return to the Farmer

Basis: Constant Load of 50 1b/acre P205 on Barley

Table 28

NITROGEN . INCREASED  CHANGE IN  CHANGE IN

APPLIED YIELD YIELD CIST/

LB/ACRE BUSHEL /ACRE ACRE

0 0 0 0

10 7.5 7.5 1.35
20 12.4 4.9 1.35
30 16.4 4.0 1.35
40 19.8 3.4 1.35
50 23.0 3.2 1.35
60 25.8 2.8 1.35
70 28.0 2.2 1.35
80 29.8 1.8 1.35
30 31.5 1.7 1.35
100 32.5 1.0 1.35

MARGINAL RETURN =

OOLLAR CHANGE IN CROP YIELD

124

WRSIHAL RETLRN

INCREASED COSTS

§T CROP  §2 CROP
0 0
5.55 11.10
3.63 7.26
2.98 5.96
2.5 5.02
2.37 4.78
2.07 4.14
1.63 3,26
1.33 - 2.66
1.26 2.52

.74 1.48
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1nterest1ng For $2 grain and 3270/Tbn Nitrogen, the corresponding '

B

ammonia demand was calculated to be 105 MTons by the income analysis..

1

In 1973, 5.2 m1llidn'acres of Albert&‘soil waS'ferE1lized (49), there-

fore. 105 MTons is equivalent to 40 lbs/atre of ammonia. The compar-
able usage based on marginal return was- 109 1bs/acre The difference
11es in the fact that the cash ora1n carrelation was based upon total
fert1]lzér demand by all Alberta farmers " The soit test (marginal
return) analysis is currently used b"only abaut 5% of Alberta farm-
ers @0 Hence, fertilizer demand estimated using this method would
not be rea11st1c for both';ystems, however, fert%]izer consumption |
hinges on the price of grain. [t is appacent that the fertilizer

industry is a boom or.bust operation, depending on grain p&es.

"fas Prteces

Having determined ammonia. demand elasticities, the next step

]

in the analysis .is to estimate the qas prices ammonia péoduéers can
1fford. %rom-the-introductory supply-demand-analysis, this ga$s
price i1s equ1va1ent to the. ammon1a market value minus ‘the costs of
roduc1ng that commod ity The demand curve d1ctates both the prwce
3 ammon1;‘and the allowabple pr1ce of natura] gas.

*he orob]em wh1ch must be solved is to relate ammonia Dr1cn to

patural gas price. 3Jecause ammonwa is manufactured from natural qas,

natural gas prices are oroportwonal to ammonia Drices. The PrODOF-

-t

A}
t+ﬂﬁ%11ty constant mast be derived. Although it 1S rotatively simple

to convert armonia consunption to natural qas,requirements on tpe

basis of 17.5 cubic feet of gas per oound of ammonia, predicting

Y

natural gas prices involves several subtleties.



The ammonia prices plotted fn the demand curves of the previous
section equal delivered prices to the farmer. Plant gate costs,
however, represent the costs of productign. Thus plant gate price
aegprmines the gas price that producers can afford. The costs in-
curred in shipping ammonia from the plant qate to the consumer must
be apPrOximated.

Typical ammonia distribution costs are listed in Table 29. The
values-indicated were quated in the Chemical Economics Handbook (10).
Alberta ammonia-arpducers Qere reluctant to reveal their distribu-

tion costs, hence the costs tabulated were used.

. Table 29
‘;> Anhydrous Ammonia Distribution Costs
M CNST §/774
PRODUCTINN COST 0
STORAGE 2
FREIGHT TO DEALER ' :
. ‘FREIGHT TO FARMER . 5
DEALER COWMISSIQN 2N ' | R
TOTAL DELIVERED COST " FAQ"EQ pe7E 7T
.\ ©Using *he 1ata 11sted n Tab1e 29, delivered anhydr0us ammonia

rices were converted ‘to plpnt aate prices as shown 1n Table 3D, The
qas requirements tabulated §qual,the ammonia demand obtaired from the
income analysis multiplied by'a factor of 17.5 cu. t. ~er nound of
ammonia.\ The mS ﬂr1c°S indicated equal the differerce belween
‘rodut tion costs and the allowable plant qat2 nroce »f ammonia, which

is dictated by tne demand curve. Production costs were estimated for



Table 30

Natural Gas Demand for Amon)ia Productior)

Y

"Hy PRICE VMg PRICE -

(DELIVERED)  (PLAT GATE)  GAS PRICE  -RAS REQUIREMENTS BCF/YR
S/TON - - VALK S/MCF 51 CRAP §2 CRNP
50 27 0 4.49 15.2
75 50 1.50 - 3.36 1.4
100 72 @ 113 0 228 762
157 117 2.42 1.50 5.3
290 162 3.72 1.12 3.83
0 277 5. 100 3.10
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a 1500 TPD ammonia plant and include a 20% return to the producer.
For example, for a plant gate price of *$162/Ton, $35/Ton represents
,the cost of production excluding natural gas, leaving $127/Ton

as the allowance for gas supplies. A cost of $127/Ton is equivalent®
to $3.72/Mcf natural gas. The gas prices listed are thus the amount
~that producers can afford, but retain a 20> profit margin.

The data of Table 30 are presented graphically in Figure 41. As
shown, a doubling crop of prices increases gas demand by more than
threefold, at a constant gas price. From Figure 41, it is also evident
that rising gas prices cause reduced gas consumption, reflecting de- .
creased ammonia demand.

7o surmarize the ammonia analysis, Figure 42 was drawn. Tﬁis
fiqure'show; the actual supply and dermand curves calculated for ammo- |
nia. The armonia supply lines represent breakeven production costs for the
various plant‘sizes used in the plant construction operating
with gas prices varying from $0 - $4.50/Mcf. Breakeven price is used
in the same context as in the market analysis. The equilibrium point
indicates full natural gas supply and a zero gai price.

From Figure 42, it is obvious that the equilibriurm point shifts
when crop prices change. The gas price that ammonia producers can
3¥ford increases dramatically when crop prices rise. For $1 crop,
the esulibrium points equals 1.4¢/1b of armmonia, corresponding to

zero natural gas cost. A doubling of crop prices irplies that arrionia

prices would increase to 7.5¢/1b for the « e consurption level,
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and gas prices that ammonia producers -«could afford would be in excess
of $3.50/Mcf. ’

The influence of qas price on fertiliz@# use is clearly evident
in Figure 43. As gas price increases to $2/Mcf, Alberta fertilizer

consumption should drop to about 600 MTons per 'year for grain prices
of $2/bushel, if historical trends continue. It should be noted,
however, that 1973 demand was bn]y 500 MTnns for a crop price of
about $2 bushel (39)s even though gas prices were about 25¢/Mcf. The
discrepancy arises because gaé prices determined by the demand ana-
lysis are prices producers can afford, but retain a 20” profit margin.
In 1973 ammonia producers made much larger profits because of the
axistence of long-term, inexpensive natural gas contracts. Hence,
the difference in gas prices exists.

Jhen crop prices drop, the aas price that ammonia manufacturers
Can afford decreases substantially for a constant fertilizer use. For
example, a fertilizer producer can afford $3.00/Mcf aas for %2 crops
at a consumptive level of 400 MTons, ﬂht only about 10¢/Mcf for $1
crop.  Thus ammonia producers would be reluctant to neqotiate long-
term natural gas contracts because grain prices fluctuate dramatical-
ly. It is also evident from studying Figure 46 that there is an upper
limit to the amount of fertilizer purchased, even for zero gas costs.

The effect of gas prices on the ammbnia producer has now been
defined. How nas orice affects the farmer is also of interest, since
farmers are the orincipal consumers of ammonia. -In the marginal

return analysis, it was shown how ammonia application affects the

yield of various crops in a scecific area. Increased application
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increased yields, and thus increased the value of farmer's crops.
Rising gas prices induce lower ammonia demand. Consequently, gas
prices influence the total value of crops produqed.

This behavior is shown in Table 31. Yields tabulated were ob-
tained froh.the soil test analysis for barley and a constant phos-

’phate load of 50 1bs/acre. Application rates for nitrogen were esti-
mated by dividing total nitrogen consumption, as listed in Table 2R,
by a constant value of 5.2 MM acres. 1973 fertilized acreage i;
Alberta was 5.2 million acres (49, therefore this number was employ-
ed in the calculations. Crop value equals increased yield times
crop price times total fertilized area.

The data from Table 31 were plotted to obtain the curves shown
in Finured44 . As illustrated, rising gas prices result in a drop in
crop value, for a specific grain price. However, if grain prices
1ncrease, the resulting jump in yield values will more than compen-
sate fbf the rise in agAas costs. As an example, a $1 crop price and
50¢/Mcf nas corresponds to an increased crop value of 536 MM, or
rounnly 1/3 the 52 crop value, )

Of course, all of the above ana]y?is hinges on favorable weather
conditions. Otherwise, there would be limited respnnse of crops
to ammonia apnlication. The previous analysigwas presented mainly

to show the residual effects of gas prices on the farmer, and as an

alternative method of analysis to the cash qrain income apprecach.
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Table 31

Effect of Gas Price on Yield

NITROGE' APPLIED

INCREASED Y.IELD

A

Constant P,O5 Load of 52 1b/Acre
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[NCREASED CRNP VALUE

174
36
65

47

39
31

MM

343
343
286
224
137

161

L3/ACRE RUSHELS /ACRE
S1 BARLEY $2 BARLEY $1 BARLEY $2 BARLEY $1 BARLEY $2 BARLEY

49.8 138 20 33
30.6 104 16.5 33
29.4 69 12.5 27.5
13.6 46.3 a.0 21.5
10.1 34.8 7.5 13.0

3.2\ 23.2 €.0 15.5

6.3 23.2 5.5 13.5
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CHAPTER IX

METHANOL SUPPLY ANALYSIS

The previous chapters determined ammonia supply and demanq and
from these estimates, predicted natural gas supply and demand curves.
[t seems logical to extend the analysis to other commodities
manufactured from natural gas.

However, although the natural gas supply models can be readily .
applied to these conyodﬁties. predicting demand is extremely difficultf
Ammonia is used almost exclusively as fertilizer, hence it was
relatively simple to determine ammonia demand from fertilizer
consumption. As noted earlier, however, other commodities such as
methanol require several process steps before being converted into
finished products. Estimating demand for these end-products is very
time-consuming. For this reason, the demand for chemicals other than
ammonia was not calculated.

The purpose of this chapter is merely to apply the plant
construction and equal gas sﬁarinq concgpts to the methanol industry,
since methanol is the second largest chemical natural gas consumer
(after the ammonia industry). The construction model will be applied
to simulate historical price-production data, which approx}mates lona
term methanol supply, and is assumed to be influenced by consumer
demand.® The equal sharinag of natural gas supplies can be applied to
sredict the effect of short term natural aas shortfalls on methanol
prices.

The price of chemicals has agenerally decreased since the early
1950's due to increased demand which has prompted the construction of
large, efficient chemical plants. This pattern of decreasing price

136
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as production i}creased has been evident in the methanol industry, as
shown in Table 32. The fiqures shown in the table are historical data
(11) for the years 1950 to 1970. Methano| price shown is the unit
sales value for these years, which was discounted at 4% to 1977 dollars
to obtain the fiqures listed in the discounted price column. A 4%
value was chosen because the Nelson cost index indicates that plant
construction costs have increased by this averaqé amount between 1950
and 1969 (37). The year 1977 was chosen as a reference point because
the methanol price calculated for various gas shortages using the equal
sharing model approximate 1977 production costs of a 1300 MM 1b/yr
plant. A common base then exists for comparing the two feedstock
supply levels: the case of 100% gas supply where prices historically
dropped due to chanaing teghno]ody and the future trend of higher
prices induced by natural qas shortace.

As indicated in the model description, obtaining a plant size is
foremost in applying thé‘zonstruction analysis. Table 33 shows the
results of the construction analysis based on an 8.5, annual methanol
demand increase, as the Chemical Economics® Handbook data for the 1960's
indicates. ‘To briefly outline this model, plant size was assumed to
equal market growth in‘a particular vear and new plants were assumed
to be built only when production costs were less than existing plants.
The methanol price shown equals the production costs of the largest
plant size predicted for eaéh year. In 1960, for example, the largest
plant size predicted was 300 MM 1b/yr, and 2.6¢/1b would be the
production costs of this plant based on a 1960 gas cost of 50¢/Mcf (38).

Methanol price was discounted at 4. to 1977 to obtain the entries in

the last column of Table 33. Discounted methanol price was then plotted
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Tébl&\32 ‘
Historical Methanol P}\?ce-Production Data ~.
PRODUCT ION PRICE DISCOUNTED 1977 DOLLARS
9N1.6 MM LB 3.27 ¢/1b ¢ 9.43 ¢/1b
13436 3.77 8.03
1965.9 3.62 "7.95
2368. 6 3.15 5.0
1944 5 2.66 ' "3.49
2 4



Table 33
. ° ] -

X . Simulated Methanol Prices and Product
~YEAR . PRODUCTBON* .

1959 907.6 MM LB 3.27 ¢/LB’

1954 1249.0 2.815

1060 2038.0 2.616

1064 22751 - 2.428

1969 2.23]

*Assumes 8.5

4248.0

annual increase

ion

-
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‘rtTHAVOL PRICE DISCOUNTED (1977) PRICE

9.428 ¢/LB
6.

.

23§
.096

na3’

£053
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agaifhst production to obtain curve (1) in Figure 45. HYystorical data
from Table 32 are plobted‘as_curVe (2) in the figure. As illustrated,
the curve obtained’ from the plant construction model parallels the
historical methanol price-supply l1ine, although predicted methanol

" prices are generally loQEr than historical for a specific production lgvel.

L

However, 1f the slopes of the twd curvessn log éaper were the same,
the elasticity of demand would bé the same. For example, a 33% ris; in
production from 3000 to 4000 MM 1b/yr decreased the methano! price by ¢
about 20% in both the simulated and historical cases.' Reca‘Tythat

historical data represent the unit sales value of methanol and

include trﬁrtation cha
plant con’s ion analys

transportation charge of

‘0 consumers. Prices calculated by'the/
lant gate prices. A constant -
(1970) was assumed and historical
przéfs were replotted, subtracting this value to obtain turve (3) in
- Figure 45“ A cost of 0.6¢/1b approximates the weighted average
transpor@at1on charges to methanol consumers (11) and g1ves the best
correlation between historical and predicted values. . : . .
An alternative method of predicting plant sizes was then examined.
Recall that plant size was assumed equal to market growth, which was
8.5% annually in the case of methanol. The 8:5%.incfe§se} however,
represented an average value, sfnce actual production increased from
year to year. Therefore hiszzrical production data were used as in?ut
for the construction analysis. New plants, if the c;iteria for
construction was satisfied, were assumed equal {h capacity to the
increase in prodyction since the previous plant was built. This analysis
resulted in larger plant sizes being predicted.add hence shightly lower '

methanol prices than the previous procedure. Results are listed in
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Model Results Calculated Using 8.5 Annu%odu’ction Increase
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Table 34, from which the plant construction curve in Figure 46 was
obtained. As illustrated, methanol prices calculated were, consistently
lower than the historical prices for a specific product{on. but the
trend of lower commodity prices induced by cheap natural gas and the
construction of large, efficient plants is apparent.

The previous analysis is concerned solely with the concept of
100% feedstock availability. Prices declined due to abundant methanol
supply and economies of scale of the large producers. Suppose, however,
that severe gas demand forces curtailment of natural gas to large
industrial consumers, such as the methanol industry. Figure 47
illustrates the effect of various gas shortages on the price of
methanol, determined by applying the equal sharing system. Methanol
prices plotted correspond to production costs of the largest Gul f Coast
plant having a 1300 MM 1b/yr capacity and using 50¢/Mcf natural gas.
The figure shows that methanol price would only increase from 1.9 to
3.0¢/1b for a 50~ gas curtailment to all methanol producers, based

solely on costs of production. Of course, a uniform 50. gas curtaiiment

-implies that 50% of the normal methanol supply will not be available

to consumers. Competitive market forces would then drive the price of
methanol up to the equilibrium level determined Qy the methanol

demand cur¢e. In any event, whereas historically prices have declined
due to the abundance of cheap gas feedstocks and the development of
large, effiéient plants, the uncertainty of future natural qgas supply

may cause chemical prices to rise to unprecedented Tevels,



YEAR

1959
1956
1963
19€0
1964

1969

a R

PRICE SIMULATION USING HISTORICAL PROBUCTION DATA

PRODUCTION

Table 34

901.6 MM LB

1224

S

A

PRICE

3.27 ¢/L8
2.24
2.345
2.479
2.175

2.078
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DISCOUNTED TO 1977

q.428 ¢/18
) 6.27

5.34

a.33

3.62

2.35
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CHAPTER X
METHANOL -AMMONIA COMPARISON

In a gas shortage situation, certain jndustries are in a more
advantageous position thag others because their g:} requirements form
a smaller portion of operating expenses. As an example, consider the
ammonia producer and a plant tﬁat manufactures paper cups. When a
aas shortage occurs, which industry would pay more for natural gas?
Bécause natural gas forms a much smaller percentaae of paper cup pro-
duction costs compared to ammonia, the paper cup producer could af-
ford a higher natural gas price. The difference in the relative im-
mortance of the goét of feedstock implies that some industries can
pay.more for natural gas than others.

It is obvious that as the natural gas is {urther processed, the
natural gas component of production costs decreases. This phenomen-
on was illustrated in the market study model decription. Hence se-
condary industries can afford hiqher'nas prices tgan first-generation

™,
plants. But which first generation industry dictates natural aqas
price? This chapter attempts to answer that question by comparing
the two laraqest primary chemical gas consumers, the ammonia and
methanol industries.

The effect of natural price on methanol and ammonia prices is
illistrated in Figure 48. As shown, a qas orice of 57¢/Mcf was
chosen as the reference point. A doublina of natural gas price to

S1.00/Mcf would increase ammonia price about 36”7 versus 407 for

methanol. These prices were calculated based on the production
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Figure 48 Effect of Natuwral Gas Price Increase

on Methanol and Ammonia Prices
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costs of the largest plants in existence: a billion 1b/yr ammonia plént
and 15 billion 1b/yr methanol plant (14). Gas costs form a greater
percentage of methanol production costs than ammonia. Hence, it is
expected that ammonia producers can afford higher gas prices than
methanol producers for a specific gas shortage. Of course, thangas
price is dictated by the demand curves for ammonia and methanol. At
some natural gas price, production costs exceed the market value for
that chemical, and producers would be forced to stockpil'e production to
increase market prices. -

As gas price increases, however, altgrnative feedstocks, such as
gas oil, naptha, synthetic gas from coal, and hydrogen all become‘nnre
competitive with natural gas. Consequently, at some "price, chemical
producers will substitute these feedstocks for the traditionally
cheaper natural gas. Appendix 1 contains a short analysis of the
influence of one such alternative fuel, synthesis gas from coal, on

natural gas consumption and commodity prices.
4



CHAPTER XI

CONCLUSIONS
The market penetration studies showed that the ammonia market would
be much greater for an Alberta plant than the ethylene and methanol
markets due to the existing tariff structure.
Removing the tariff barrier to Alberta e{ports and giving Alberta
producers a $1.00/Mcf natural gas price advantage over U.S. producers
allows Alberta chemicals to be marketed almost anywhere in the U.S.
Alberta-produced chemicals are not competitive with Middle East goéds
except in Western Canada and a small fraction of the Midwest U.S. dye
to the high cost of rail shipment compared to ocean transport and
the lower-priced natural gas av?i1ab1e in the Middle East.
The demand and price of fertilizer is regulated by farmer's cash
income from grain sales. Because the price of fertilizer determines
the gas prices fertilizer producers can afford, farmer's 1pcome
influences the price of natural gas. |
Ammonia producers can pay more for natural gas than methanol

producers for specific natural gas shortage levels.
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HAPTER XI1 )
COMMENDAT IONS

The_natural gas suppiy'analysis should be extended to other
industries, such as the electric power industry, secondary

chemical industries, and possibly the steel industry. Which indus-
tries would™establish the price of~industrial natural gas could
then be determined. |

The quéstion of alternative feedstocks to natural gas should

f1s0 be examined. Coal is a possible substitute for natural gas

in the production of methanol and ammonia, and naptha could be

used in ethylene manufacture. The prices of these alternatives
sets the upper bound on natural gas prices.

The effect of rising natural gas price on natural gas exploration
and development. should also be studied. For example, if gas 5r1ces
escalate to $2.50/Mcf, reserves which were not economic to develop
at low gas prices may become feasible.

Demand elasticities could also be estimated for other industries
besides ammonia, although, as pointed out in the analysis, dete:-

mining demand for other chemicals is extremely difficult.
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APPENDIX 1

COAL SUBSTITUTABILITY

"IITH ‘IATURAL GAS - )




ALTERNATIVE FEEDSTOCKS

The purpose of this appendix is to demoqstrate that natural

gas price has an upper bound. That limi rice is the cost of

substitutes, such as synthetic gas fr » 9as oil, naptha, and

PQ

hydrogen.

When the price of natural gas exceeds the price of these sub-

stitutes, producers may convert their plants to use the alternative

feedstocks, hence natural gas demand will rapid(;/;ét]ine. The price
S——

of natural gas at which coal becomes competitive will be determined

in this appendix. Soecifically, the costs of producing ammonia from

natural adas and coal will be examined.

Tible 40 shows the costs of producing ammonia from natural aas
ind coal. The coal oroduction costs are based on the Texaco partial
oxidation process (51). As illustrated, ammonia can be nroduced
from 315/Ton <o0al at approximately the same cost as from O0¢/Mcf
natural gas.  Similarly, $<5/Ton coal would “e aquivalent to ﬁatural
cas costing S1.59/Mcf.  The orice of coal thus establishes the unper
bound on natural fas prices. Throuah a similar analysis, *the trices
1t wnich otrer alternatives become competitive with natural aas can
be estimated. However, coal would apoear to be the rost viable

substitute since coal reserves can suoply the world for *theousards of

/2rrs At current consumption rates Y51} “tnar wydracarhon feedstos -

Pave 3 very srhort 1ifespan.,

/
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Table 35 ¢
Ammonia Production Costs Using Coal and Natural Gas

»
(1008 T/Day Plant)

s [T~

GAS PRICE $/MCF AMMONIA PRICE ¢/LB COAL PRYCE S/TON AMMINIA PRICE ¢/

0.50 2.6 5.9 _ 3.26
1.00 3.5 o 10.1 3.7€
1.50 4.4 ¢ 15.9 .26 b
2.00 5.2 20.9 4.76

SOPURCE: Strelzoff (51)
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The plant construction model estimates when new chemical plants

should b€ built., The decision to build is based on the criteria that

new plants have lower production costs than existing plants. These

production costs were identified in the market analysis, and are

specific for a particular product being manufactured.

Foliowing are

the parameters used in the computer program (1isted in Appendix 3) to

. determine production costs:

capital cost of the plant. -
raw material and utility costs.

labor charges.

represents maintenance costs.

equal overhead and taxes, respectively.

equals the sum of overhead, maintenance, taxes and labor.

total operating expenses.

is equivalent to depreciation.

CAP is the
VQAQ is the
LABOR, .. eguals
MALﬁT ’
OVERH, TAXES
FXCST
OPCST is the
DEP
SALES s the
WORK equals
. FOB ié the
COMP is the
SIZE equals
RATE is the
OPRQOD is the
NPROD is the

total value of the chemical produced.
working capital.

plant gate pr;ce of the chemical.
new.chemical price.

plant size.

annual growth rate in chemical consumption.

production before a new plant is ouilt.

production after a p1anf has been constructed.

.« o0
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PLANT CONSTRUCTION

THIS PROGRAM APPLIES THE PLANT CONSTRUCTION ANALYSIS
TO THE AMMONIA INDUSTRY, :

/i
REA NyMAINT ,NPROD, LABOR
NIM N PRICE (20)
‘READ IN HISTORICAL NATURAL GAS PRICFES..

READ(5,70) (PRICE(1),1=1,20)
77 FORMAT(10FS5,.2)

READ IN INITIAL CHEMICAL PRICF,ANNUAL GROWTH RATF.

RFAN(5,80) COMP,RATE
RO FORMAT(2F6.3)

READ IN FUEL COMPONENT JUTILITY,ADMINISTRATION,
AND MAINTENANCE COSTS,AND INITIAL PRUDUCTION.\\\\

READTS,10) FUEL UTIL,4ADMIN,MAIN,PRNN
1N FORMAT(5F10.4)
WRITF(6,20) PROD,FUEL,UT[L,ADM[N,MAIN

2?7 FORMAT(' PRODUCTION VLFE10,4, MM (R,/YRG'y/ /3" FUEL
*REQUIRED ' ,F10.5,//,' FUEL PRICE ' WFl0e&y//y .
£t UTILITIFS '4F13,4,//,4" SALES YaFl6cb,//

%, "MAINTENANCE"' 4F13,4)
WRITE(6,90) CNOMP,RATE o

9) FORMAT(!' CNMP PRICE',F6.3,' CENTS/LR.',/," RATE OF
#INCREASE' ,F5.,2y' PERCENT!) ;
RATEsRATE/100.
N=1 -
XFUEL=FUFL  ——
NPRNN=PRON )

8 . ONTINUE

NM=N+1] ‘
COMP={(1.-ADMIN)*COMP +XFUEL*(PRTCE(N)/PRICE(N=1)=1.))
/(1.,-ADMIN)

CALCULATE NEW PRODUCT INN,
NPRAN=PRON%( 1.+ RATE) #%(N=1)

CALCULATF NEW PLANT SIZE,

St Z‘FsNﬁFiﬂD-OPROD

FALCULATE pRunu§’*p; CNSTS FOR NEW PLANT,
CAP=(51iE/1050Qf%¥.573~ao.3603

»
R

pe
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PLANT CONSTRUCTINDN, .. (CONT'D)

J‘hstmeupmcemw‘cu1)+nmu:-sxzsno.
LABNOR=259,#(S12E/700.0)%=0,2
MAINT=MAIN*CAP

NVERH=]1,20*xLABOR

TAXES=0.015%CAP
FXCST=0OVERH+MAINT+TAXES+LARNR
NPCST=VAR+FXCST ’
"NEP=0,10%CAP
SALES=(1.,02%0PCST+DEP+,2%CAP)/(0,9B<ADMIN)
WORK=,1%SALES+ .1 %0PCST

. FOB=SALES/SIZE/10,

'WRITE(6,430) CAP4WORK,SALES,FNB

FORMAT(' CAPITAL_COST $M',F13.4,/,"' WORKING CAP sM?,
®*F13,4,/4' SALES - $MV,F13,2,/,' FOR PRICE 'yF15,3,
*¢ CENTS/LB,.Y) .

IF(FOB-COMP )5 ,5,6

COMP=FNB

WRITE(6,91) FOB,SIZE,,NPROD

FORMAT(' NEW COMP PRICE',F13,3,/y' PLANT SIZE',Fl6.2,
XIMM LB./YR,',/,' PRODUCTION',F16.24//)

NPROND=NPRON

GO TN 7

6 WRITE(6,100) NPROND,COMP

179

FORMAT(* NO NEW PLANTS ', /,t PRODUCTINN' ,F16,2,' MM LR,
*/YRe"y/y? NEW COMP PRICFE',F13,3," CFENTS/LB.'y//)

7 CONTINUF

11

COMPARE NEW CHEMICAL PRICE TO CURRENT PRICE.

XFUFL=XFUFL=PRICE (N)/PRICE(N~1)
TF(N=21) 114242

CONT INUF

GO T0O 8 \
CONT INUE

CALL FXIT

FND .
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PRODUCTION COST ESTIMATIONS FOR VARIOUS HYDROCARBONS
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COST ESTIMATES FOR METHANOL PRODUCTION
¥

This appendix contains a sample calculation of how production
costs for methan&l were estimated. The numbers quoted below were
calculated using data from Hedley (13), although this was not the
only source of methanol cost data.

DATA FOR A 800 MM LB/YR. PLANT (1970):
Capital Cost =514.5 MM

Maintenance = 3.5% of Cap?tai Cost
Taxes = 1.0% of Capital

Depreciation = 10% of Capital

Sales = 2 of Total Sales

"

Profit 20% of Total Capital

Labour = .03¢/1b. @ $4.00/hr.
Gas Requiremen; = .32¢/1b B 20¢/Mcf
Electricity = .018¢/1b. @ 65¢/Kwh
Catalyst = .05¢/1b.
Boiler Feed = .013¢/1b @95¢/1000 Gatl.
Overhead = 1207% Labour
The above data was then used to determine the operating costs
for a 400 MM 1b/yr. methanol plant.° Captial costs were estimated

using a 0.6 cost capacity factor and assuming a 10" inflationary

increase annually:

Capital Cost (1977) = (32%)6 (14.5)(1.1)7 = $18.6 M
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Maintehance would then be 3.5% of capital cost, or $0.68 MM, In
cents per pound, maintenance would be:

. 5n.68 MM |
400 MM 1b/yr. capacity 0.17¢/1b

In a Similar manner the remaining fixed costs (taxes, depreciation)
were dérived.

Ut{1ity. labour and raw material costs were then converted to more
realistic values. As an example, labour salaries were assumed to

increase to $6.50/hr:

. 6.50 -
Labour Cost = 100 (.03) .05¢/1b

The raw material and utility costs used in the market analysis are
listed in Table 1 in Chapter IT.

Working captial was assumed equal to 10 of sales plus 10% of
manufacturing costs. For a 400 Mm 1b/yr. plant, if the f.o.b. price
was 2.5¢/1b. and operating expenses were 0.9¢/1b, working.capital
would be:

(.1(0.9) + .1(2.5)) 400 x 106 = $1.35 MM

Profit would then be 20% of working capital plus capital cost:

0.2(1.35 + 18.6) MM
500 MM Tbs.

= 1.00t/1b

The sales component for the methanol would be 2% of the f.o.b.
price or 0.5¢/1b.

The above procedure was used in determining production costs for

the various other chemicals which are tabulated in the market penetration

chapters.
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LEAST SQUARES ANALYSIS ° 0 ‘e

In determining the relatidnship between fertilizer sales £nd cash\\mn‘ i
grain income in Chaptef IX, a line was drawn visually through the data
points. This, of course, introduces an error into the analysis.

However, whan a least squares analyQis was used to approximaté
the best straight line through the data points, the equation for the
line was almost identical to that obtained visually. The two equations
relating cash grain income and fertilizer sales are shown below: |

Visual: Fertilizer Sales = 0.164 (Cash Grain income) - 28.7

Least Squares: Fertilizers Sales = 0.160 (Cash Grain Income) - 26.3

Standard Deviation = 4.38 .
The high standard devigtion implies a wide scatteriné of points,

however, the difference between a- visually fitted line and the least

squares line would be minimal.
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REGRESSION ANALYSIS OF ALBERTA FERTILIZER DEMAND.

This appendix outlines a regression analysis which was applied
to the fertilizer demand data used in Chapter IX. The ang]ysis is
based  on Alberta fertilizer consuhdtion and farmer's casp grain income
for the years 1967.to 1974 only, as shown in Table 36, since‘data‘pr%or
- to 1967 did not correlate well. The pre-1967 period can.be considered
as a learning per1od where farmers experimented with manufactured
fertilizer; demaqd was ﬁictated more by time than-by the prwoe of
fertilizer and farmer's income. It should be remembered that ‘the
. fertilizer demand curves of Chapter VIII were based upon data as far
back as 1955 ‘because it was aSSumed that fanmers would purcbase '
fertilizer based on past behav10ur. Therefore, the regression analysis
pfesented in this appendix}wi11.produce a di*ferent fertilizer price-
demand relatiorship from that af Chapter VIII for both analyses, however,
fertilizer-demand is assumed to be dependent on farmer's cqsh grain
1n20me.

Fertilizer demand as a function of cash grain income can be written
-as the following expression: '

F = Ao + A] " CG (1)

where F is the money spent on fertilizer in MM in an; year, and CG

i¢ the cash grain payments to the farmer including inventory changes

for the same year, fe. the data was not agged one year as in the demand

anaIfSis,of Chapter VIII.



TABLE 36

HISTORICAL CASH GRAIN INCOME AND FERTILIZER SALES IN ALBERTA

YEAR " CASH GRAIN INEOME FERTILIZER SALES
M1 SMM
1974 . " 862,9 a2
' ’ ‘ e %
1973 469.1 46.2 ;L
' . . . . »  ” P
1972 | 389.4 3.2 7 .
1971 ‘ 325.0 31.3 |
+« ‘ : .
1970 - . 259§ ) 27.7
1969 290.2 27.9
1968 PARFI a3
1967 - 387.5 3 36.3 ¢
s ¢ s »l" R -
. '_‘ A ." i}‘ .‘l ‘ ’
SOURCEx (39, 4p,4h) e o w :
. ) ‘
&
£y
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When a regression anslysis was applied to the data of Table 36

the results of the fit were as follows:

+

Y
0

A

The correlation coefficient was r = .9876 which is excellent.

6.96 + 2.54 at a 90% confidence level

.07647 + .0098 at a 90% confidence level

Subst@fﬁting the above parameter; info equation (1) yields:
F-= 6.96 + .07647 CG (2)

The next problem was to re]azé cash grain income to grain price
and production. Cash grain income\équa]s fntz] crop sales times
average crop price. From h%storica]udata (39, 40,41), it was determined
that -the average Alberta grain production for the last five years was
about 1700 1bs/dcre anp an average of 13.2 MM acres were seeded. The
ratio of\crop sales to proeqstion was eé%imateh to be about 0.68 for

the period 1967 to 1974. The fertilizer demand equation can therefore

-
be written as.
F=6.96 * 106 + .07646 (.68 (1.7 * 103 * 13.2 * 106) PG) (3)
where PG is the price of grain in $/1b. F, the total fertilizer .

expenditures by the farmer, equals fdrtilizer price times demand.

Substituting for F and simplifying equation(3)yields:

Fertilizer Demand = 6.96 * 10° + 1.097 * 108 * Price of Grain in $/1b  (4)

(Tons) Price of Fertilizer in $/Ton

The equivalent price of $1.08/bushel grain, based on the weighted

average production of all grains over the last 15 years (39, 40, 41),

is $0.0205/1b. When fertilizer prices varying from $50 to $300/ton

are 5ub§titutgd in equation (4), the dotted lines shown in Figure 49 are- 3

obtained | &
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.
for $1, $2.‘and $3 per bushe} grain priges.v The solid lines of Figure 49
are identical to the fertilizer demand curves of Figure 38 and represent
the effect of'céggigrice on Alberta fertilizer consumption based on
historical behaviour\from 1955 to 1974. For simplicity, the two sets
of curves sillustrated tn Figure 49 will be called the regression
fertilizer demand curves (;otted) and the histarical fertilizer demand
curves (solid lines). ' ‘

As shown in_Figure 49, the fertilizer consumption for $1 grain
determined‘ by the reqression analysis is al.t identical to the

4

imrical fertiliger demand curve. However, the $3 regression curve is

’ L

e alent to, the $2 h&s}onﬁca] fertilizer demand curve, thereforex using
N ’ o/ .

-

. . e
to,fluctuations in average crog prices. Reggrdless of which approach

data prior to 1967 almgst‘dgﬁbles the sensitivity of fertilizer cdigf umption
r

is used in estiméting the effect of crop price_on fertilizer demand, it
% obvious that fertilizer consumptioﬁ drops drihatica]]t@'hen crgf
prices decaine at constant fertiWizFr prices. Based on thb regressio
curves, a drop in average crop price from‘$3 to $2 would result in a 3
decline in fertilizer consumption at a constant’ferti1izer price.: There-
fore, considering the pre—l96i as a learning period where farmers ~

experimented with fertilizer w0u1d.net\a{§grrthe conclusion that

fertilizer consumpiion is highly dependent on the average cash crop

Y
-

price.



